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Executive Summary
This report details the review of the Inland Rail Border to Gowrie (B2G) Project Flood
Studies including the draft Environmental Impact Statement (EIS), design reports and
supporting documents. The review has been undertaken by the Independent
International Panel of Experts for Flood Studies of Inland Rail in Queensland.
ARTC has undertaken a substantial amount of work in order to identify existing
flooding characteristics and to assess and mitigate potential impacts associated with
the B2G project alignment. This work has been reviewed thoroughly by the Panel and
found to be predominately in accordance with both national guidelines and current
industry best practice. However, issues have been identified, with the Panel advising
that some be addressed within the EIS phase and others addressed in future project
stages.
Significant infrastructure projects, like Inland Rail, are accomplished through an
iterative process. As such, it is normal practice for iterative improvements and
changes to occur through the various project stages. Therefore, it is normal for issues
to be identified throughout the project, such as those identified by the Panel and for
them to be progressively addressed.
The B2G section of the alignment covers five major catchments:
•
•
•
•
•

Macintyre River
Macintyre Brook
Condamine River
Westbrook and Dry Creeks
Gowrie Creek

Thirteen regional flood models have been developed and fall within these catchment
areas, with additional local flood models developed for minor waterways or
tributaries. A review of twelve of the thirteen regional flood models has been
undertaken with model specific details provided in Appendix B to Appendix N. The
thirteenth regional model, which considers the Macintyre River, is being revised by
ARTC. When the revised model is supplied to the Panel, the review of the model
completed by the Panel will be issued as a separate addendum to the draft report.
Review items pertaining to all thirteen of the regional flood models are detailed within
the report. The review items include:
•
•
•
•
•
•
•
•

Amount of detail in the reports
Verification to previous design stages
Justification for level increases in the design process
Local and regional flood modelling
Adoption of flood models for final design
Estimation of flows
Model setup
Model calibration and validation (including selection of gauging stations,
event selection and use of available data)

It is stressed that all the identified issues are capable of resolution, either by
adjustments to the models developed to date, or by modification to design.
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1

Introduction

1.1

Abbreviations and Definitions
Abbreviation

Meaning/Definition

1D

One-dimensional

2D

Two-dimensional

AAToS

Average annual time of submergence

ARF

Areal reduction factor

ARR 2016

Australian Rainfall and Runoff: A Guide to Flood Estimation, edition
current at commencement of EIS process

ARR 2019

Australian Rainfall and Runoff: A Guide to Flood Estimation, current
edition

ARTC

Australian Rail Track Corporation Ltd

B2G

Border to Gowrie section

BoM

Bureau of Meteorology

BRCFS

Brisbane River Catchment Flood Study

Ch

Chainage

CL

Continuing loss

CSSI

Critical State significant infrastructure under NSW Environmental Planning
& Assessment Act 1979

D&C

Design and construct

Disturbance footprint

The proposed rail alignment, road reconfigurations, laydown areas and
stockpile locations

DITRDC

Australian Government Department of Infrastructure, Transport, Regional
Development and Communications

DSDTI

Queensland Department of State Development, Tourism and Innovation

DTMR

Queensland Department of Transport and Main Roads

EIS

Environmental Impact Statement

FDR

Feasibility Design Report

FFA

Flood frequency analysis

FFJV

Future Freight Joint Venture
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Abbreviation

Meaning/Definition

FIA

Flood impact assessment

FIO

Flood impact objective

FSL

Fully supply level

G2H

Gowrie to Helidon section

GH

Gauge height

H2C

Helidon to Calvert section

IFD

Intensity – Frequency – Duration

IL

Initial loss

JWG

The Joint Working Group of DTMR and IA

K2ARB

Kagaru to Acacia Ridge and Bromelton

LGA

Local government area

LiDAR

Light Detection and Ranging, a method of remote airborne laser scanning

MCS

Monte Carlo simulation

NS2B

North Star to Border section

OCG

Office of the Queensland Coordinator General, DSDTI

PMF

Probable Maximum Flood

PPP

Public private partnership

QDL

Quantitative design limits, from other sections of Inland Rail

QR

Queensland Rail

RCBC

Reinforced concrete box culvert

RCP

Reinforced concrete pipe

RFFE

Regional Flood Frequency Estimation approach1

RISSB

Rail Industry Safety and Standards Board

RMAR

Rail maintenance access track

SDDCCC

Southern Darling Downs Community Consultative Committee

ARR 2019 design flood estimate approach for projects on small to medium sized ungauged
catchments
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1.2

Abbreviation

Meaning/Definition

SEQ

South-east Queensland

ToR

Terms of reference

TRC

Toowoomba Regional Council

The Panel
An Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (the Panel) has been appointed for the Queensland Department of
Transport and Main Roads’ (DTMR) Rail Planning Directorate out of Policy, Planning
and Investment Branch and the Australian Government Department of Infrastructure,
Transport, Regional Development and Communications (IA). The Panel reports to a
Joint Working Group (JWG) from the two departments.

Table 1-1: Panel Details

1.3

Name

Company

Mark Babister (Chair)

WMA Water

Ferdinand Diermanse

Deltares

Tina O’Connell

HDR

Martin Giles

BMT

Steve Clark

Water Technology

Terms of Reference
ARTC has taken various steps to ensure it has accurate and representative flood
modelling across four packages in Queensland: Border to Gowrie (B2G), Gowrie to
Helidon (G2H), Helidon to Calvert (H2C) and Calvert to Kagaru (C2K). It has:
•

engaged specialist flood modelling firms Aurecon and AECOM (the Future
Freight Joint Venture, FFJV) to develop customer place-based flood models;

•

extensively upgraded its flood modelling to consider contemporary LiDAR
topographical data; and

•

engaged with the LGAs, community and individuals to calibrate and validate
the hydrology and hydraulic modelling.

The Panel has focused on identifying whether, and to what level, industry best
practice has been applied to flood modelling techniques and outputs that created the
existing flood models in four core areas: extent, assumptions, application and
interpretation. The table below shows specifics and where these topics are
addressed in this report.
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Table 1-2: Addressing the Panel’s ToR
Topic

Section Addressed
Extent

Applicability and appropriateness for the relevant design stage (e.g.
reference/detailed etc.)

Appendices A-M

Appropriateness of tool/s selected for flood modelling

Sections 6 and 7

Confirmation that key design criteria are considered reasonable and appropriate
compared with typical similar linear infrastructure projects

Section 3 and 4

Assumptions
Appropriateness of model arrangements and input parameters

Sections 6 and 7

Appropriateness of model calibration process

Section 8, Appendices
A-M

Appropriate application of input data (including addressing data gaps)

Appendices A-M

Assumptions around land-use (crops etc.)

Appendices A-M

Appropriateness of blockage/debris assumptions

Appendices A-M

Appropriateness of future events application, e.g. climate change

Section 2.7

Appropriateness of assumed soil conditions

Appendix N

Application
Appropriate sensitivity analysis to various items e.g. flow inputs, coefficients

Sections 3, 4, 5

Appropriateness of change indicators

Section 3

Appropriateness of structure and embankment representation (depending on the
stage of the design)

Section 7

Flood frequency analysis

Section 6

Interpretation
Achievement of Design Criteria

Appendix A-M

Appropriateness of relevant sensitivity analysis

Appendix A-M

Confirm Inland Rail-related flood impacts, if any, are comprehensively quantified
and interpreted to their local property context

Appendix A-M

Appropriateness of the alignment, with regard the related flood impacts, within the
current EIS Study Corridor

Appendix A-M

Consider whether reasonable and practical steps have been taken to mitigate
flood impacts, if any, outside of the project boundary

Appendix A-M

Additional information that would be required to be addressed in the Detailed
Design phase of the program.

Section 13
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1.4

Overview of the Flood Models Reviewed
The B2G section of the alignment has been split into thirteen regional catchment flood
models, as shown in Figure 1-1:
•

Macintyre River

•

Macintyre Brook Yelarbon to Inglewood

•

Macintyre Brook at Cremascos Road

•

Macintyre Brook at Bybera Road

•

Pariagara Creek

•

Cattle Creek

•

Native Dog Creek

•

Bringalily Creek

•

Nicol Creek

•

Back Creek

•

Condamine River

•

Westbrook and Dry Creeks

•

Gowrie Creek

Gowrie Creek, to the west of Toowoomba, flows into the downstream end of
Westbrook Creek before it joins Oakey Creek. Back Creek is a tributary of the
Condamine River which is situated along the central part of the alignment. The central
to southern section of the alignment crosses Cattle Creek, Native Dog Creek, Nicol
Creek, Bringalily Creek and Pariagara Creek which flow into Canning Creek, a
tributary of Macintyre Brook. Macintyre Brook ultimately discharges into the Dumaresq
River, a tributary of the Macintyre River.
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Figure 1-1: Site Location
The Queensland Rail (QR) South Western Line is part of the alignment in the
Macintyre Brook/Canning Creek regional catchment. At the northern end, the
Millmerran Branch forms part of the alignment in the Condamine River catchment.
This report outlines the findings of the Panel’s review of the regional flood models.
Further details on the specific findings for each of the regional catchment flood
models can be found in Appendix B to Appendix M.
The Terms of Reference lists, and FFJV through ARTC have provided, the following
flood models to be reviewed by the Panel.

Table 1-3: Border to Gowrie (B2G) Hydrologic Models Reviewed
Hydrology
ToR Listing

1. Condamine River, large

Software & Version

Short Name

Long Name

Design Flood
Dates

URBS

CON

Condamine
River

May 2019
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Hydrology
ToR Listing
Software & Version

Short Name

Long Name

Design Flood
Dates

September
2018

2. Macintyre River, large
(used in B2G and NS2B)*

URBS

MAC, DUM,
MCB, OTT

Macintyre
Brook,
Dumaresq
River,
Macintyre
River
Ottleys
Creek

3. Macintyre Brook (Yelarbon
to Inglewood), large

URBS

Y2I

Macintyre
Brook

July 2020

4. Westbrook and Dry Creeks,
medium

RAFTS

WES, DRY

Westbrook
and Dry
Creeks

November
2018

5. Gowrie Creek, medium
(used in G2H and B2G)

RAFTS

GOW

Gowrie
Creek

June 2019

6. Back Creek, small

URBS

BAC

Back Creek

May 2019

7. Bringalily Creek, small

URBS

BRI

Bringalily
Creek

April 2019

8. Macintyre Brook at Bybera
Road, small

URBS

BYB

Macintyre
Brook

April 2019

9. Macintyre Brook at
Cremascos Road, small

URBS

CRE

Macintyre
Brook

May 2019

10. Native Dog Creek, small

URBS

NAT

Native Dog
Creek

April 2019

11. Pariagara Creek, small

URBS

PAR

Pariagara
Creek

May 2019

12. Cattle Creek, small

URBS

CAT

Cattle Creek

April 2019

13. Nicol Creek, small

URBS

NIC

Nicol Creek

May 2019

Note:

Model for Macintyre River not fully reviewed due to revision of model
subsequent to its supply to the Panel.

Table 1-4: Border to Gowrie (B2G) Hydraulic Models Reviewed
Hydraulics
ToR Listing
Software & Version

Short Name

Long Name

Design Event
Dates

1. Condamine River, large

TUFLOW

CON

Condamine
River

September
2019

2. Macintyre River, large
(used in B2G and NS2B)*

TUFLOW

MAC

Macintyre
River

June 2020
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Hydraulics
ToR Listing
Software & Version

Short Name

Long Name

Design Event
Dates

3. Macintyre Brook (Yelarbon
to Inglewood), large

TUFLOW

Y2i

Macintyre
Brook

June 2020

4. Westbrook and Dry Creeks,
medium

TUFLOW

WES

Westbrook
and Dry
Creeks

June 2019

5. Gowrie Creek, medium
(used in G2H and B2G)

TUFLOW

GOW

Gowrie
Creek

November
2019

6. Back Creek, small

TUFLOW

BAC

Back Creek

June 2019

7. Bringalily Creek, small

TUFLOW

BRI

Bringalily
Creek

June 2019

8. Macintyre Brook at Bybera
Road, small

TUFLOW

BYB

Macintyre
Brook

June 2019

9. Macintyre Brook at
Cremascos Road, small

TUFLOW

CRE

Macintyre
Brook

June 2019

10. Native Dog Creek, small

TUFLOW

NAT

Native Dog
Creek

June 2019

11. Pariagara Creek, small

TUFLOW

PAR

Pariagara
Creek

June 2019

12. Cattle Creek, small

TUFLOW

CAT

Cattle Creek

Aug 2019

13. Nicol Creek, small

TUFLOW

NIC

Nicol Creek

Aug 2019

Note:

Model for Macintyre River not fully reviewed due to revision of model
subsequent to its supply to the Panel.

Appendix N deals with the geomorphology across the entire B2G section.

1.5

Reports and Other Documents
The Panel has completed an extensive review of the Environmental Impact
Statement (draft EIS) documents, specific sections of the Feasibility Design Report
(FDR) and other technical memorandum prepared for the B2G section of the
proposed Inland Rail alignment along with the corresponding hydrological and
hydraulic models that underpin this work.

1.5.1

Main Draft EIS Documentation
The following documents were mainly examined as part of the review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint
Venture, July 2020)
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•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint
Venture, July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0,
15 January. (Future Freight Joint Venture, January 2020)

The following documents from the North Star to Border (NS2B) draft EIS were also
reviewed as part of the Macintyre River model review:
•

Inland Rail North Star to NSW/QLD Border, Chapter 13 Surface Water and
Hydrology, Revision 1, 11 May. (Future Freight Joint Venture, May 2020)

•

Inland Rail North Star to NSW/QLD Border, Appendix H – Hydrology and
Flooding Technical Report, Revision 1, 11 May. (Future Freight Joint Venture,
May 2020)

•

Inland Rail North Star to NSW/QLD Border Feasibility Design Report,
Drainage Chapter, Revision 1, March 2020. (Future Freight Joint Venture,
March 2020)

The dates and revision numbers of the first two of these documents refer to the
versions provided to the Panel by ARTC. Provided in September this year were
newer and versions without a revision number from the OCG. Supporting chapters
and appendices of the draft EIS (again undated and without revision numbering)
were updated in October and resupplied.
The FDR details the methodology and corresponding results used to assess the
longitudinal drainage and cross drainage for the local catchments along the rail
alignment that are located within the regional catchments but removed from the main
waterways. According to Table 67 of the FDR, local catchments are defined as those
catchments less than 100 km2 in area and regional catchments are those greater
than 100 km2. Catchments with areas less than 10 km2 were classified as minor and
catchments between 10 km2 and 100 km2 were classified as moderate. For B2G, the
draft EIS included regional flood modelling of the Nicol Creek catchment, which is
classified as a moderate-sized catchment according to the FDR.
It is important to note that the FDR does not form part of the flood models to review
under the ToR. Therefore, the flood modelling work completed to assess the impact
of the local catchment drainage has not been assessed here.
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The FDR states:
“Cross drainage structures outside the regional floodplains were sized based on
the flows generated from the local drainage catchments. Cross drainage
structures that have a well-defined local catchment boundary and are located
within or near the regional floodplains were assessed for both the local catchment
flows and regional floodplain conditions to determine the governing design
conditions.
The structures which are governed by the regional floodplain flows have been
assessed within the regional flood models and have been marked as “Regional”
in the Cross-Drainage Register.”
The results of the local catchment assessment and the flood impact associated with
the adopted drainage structures at a local level have been included in the draft EIS
and the Technical Report at the behest of the Panel. The Panel was not provided with
copies of the flood models developed with respect to the local catchments and the
review only includes a review of the flood modelling completed with respect to local
catchments based on the information presented in the FDR.

1.5.2

Supporting Draft EIS Documentation
Additional supporting documentation provided to the Panel includes:
•

Inland Rail Border to Gowrie EIS, Volume 3 Rail Civil – Plan and Profile
Sheets 1 to 69 of 69, Revision 0, 15 November. (Future Freight Joint Venture,
November 2019)

•

Inland Rail Border to Gowrie EIS, Chapter 5 Project Description. (Future
Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Chapter 8 Land Resources. (Future Freight
Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Chapter 13 Groundwater. (Future Freight
Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Chapter 19 Hazard and Risk. (Future
Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Appendix C – Stakeholder Engagement.
(Future Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Appendix F – Impacted Properties. (Future
Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Appendix P – Surface Water Quality
Technical Report – Part 1 of 2. (Future Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Appendix P – Surface Water Quality
Technical Report – Part 2 of 2. (Future Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Appendix R – Groundwater Technical
Report. (Future Freight Joint Venture, 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Z – Proponent Commitments.
(Future Freight Joint Venture, 2020)

March 17, 2021 | 11

Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

1.5.3

Other Supporting Documentation
Other internal reports made available for review include:
•

Inland Rail: Phase 2 – Border to Gowrie, Volume 1: Feasibility Design Report,
Revision 1 (Future Freight Joint Venture, 2020)

•

Inland Rail, Section 8 Hydrology and Hydraulics of Basis of Design, Revision
5, (Australian Rail Track Corporation Limited, May 2018)

•

Inland Rail - Border to Gowrie Phase 1 Report (AECOM, 2017)

•

Inland Rail – Yelarbon to Gowrie Corridor Options Report (AECOM, 2017)

This last report was prepared by AECOM for options analysis of the routes. Neither
the report nor the flood models prepared for the Inland Rail Options Analysis phase
are referenced in Appendix N in the previous studies chapter.
Prior reports that the FFJV relied upon in their model development and provided to
the Flood Panel include:
•

Condamine River Flood Study (Condamine River and Tributaries Flood Study
and Flood Risk Management Study), Final Report (Volume 1 Report Text), for
Southern Downs Regional Council, South Brisbane. (Sinclair Knight Merz Pty Ltd,
March 2012)

•

Condamine River and Tributaries Flood Study (and Flood Risk Management
Study), Final Report (Volume 2 Report Figures), for Southern Downs Regional
Council, South Brisbane. (Sinclair Knight Merz Pty Ltd, November 2011)
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2

Relevant National and State Guidelines for
Flood Modelling and the Design of
Structures
ARTC produced an Inland Rail Basis of Design Report (Australian Rail Track
Corporation Limited, May 2018) and specifically Chapter 8 of that report deals with
hydrology and hydraulics. This section deals with flood modelling and bridge and
waterway design guidelines discussing usual and best international practice.

2.1

ARR 2016
In Australia, best practice design flood estimation is defined by Australian Rainfall
and Runoff. Australian Rainfall and Runoff was recently updated in 2016/2019. The
document and supporting software provide methodologies and inputs to the design
process. For example, intensity frequency duration (IFD) information, how rainfall falls
in space, how rainfall falls in time (temporal patterns) and losses.
The EIS process has used the 2016 version whilst in the meantime ARR 2019 has
been published. ARR 2019 is a result of extensive consultation and feedback from
practitioners. Noteworthy updates are listed in Table 2-1.

Table 2-1: Key Technical Updates in ARR 2019
Update

ARR2016

ARR 2019

Book 9 Runoff
in Urban Areas

Available as “rough” draft

Peer reviewed and completed

Climate change

Reflected best practice as of 2016
Climate Change policies

Updated to reflect current practice

PMF chapter

Updated from the guidance
provided in 1998 to include current
best practice

Minor edits and reflects differences required
for use in dam studies and floodplain
management

Figures

Updated, reflecting practitioner feedback

While ARR 2016 represents a step-wise change from the 1987 edition, based on the
above table there is little difference in applying the methodology of 2016 or 2019 for
the B2G EIS process.
Any new project would be expected to use the ARR 2016/2019 design inputs.
Projects that began between 2013 and 2019 may use some of the new design inputs
and methodology but may also use the older ARR 1987. A change to the newer
inputs may be expected in a future phase of a linear infrastructure project.

2.2

Flood Modelling Guidelines
Flood modelling is a powerful tool that is used in flood forecasting, understanding
flood risk, the impact of development and flood behaviour where no data has been
recorded. Flood models are mathematic representations of the natural and manmade
environment that represent all the key processes that cause and affect flood

March 17, 2021 | 13

Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

behaviour. Flood modelling is usually divided into hydrologic and hydraulic modelling
with hydrologic models providing the input into hydraulic models.
Hydrologic models which, in case of flood modelling, are also called rainfall runoff
models, represent the process of rainfall producing runoff and the routing of this
runoff down gullies and drainage lines to creeks and rivers. The key output of these
models is flow hydrographs which describe how flow varies with time at key locations
during a flood event. While flow hydrographs represent the overall catchment
response, they do not provide information on the level of flooding or how obstructions
or changes to the floodplain affect local flood behaviour. Hydraulic models are used
for that objective.
Hydraulic models represent the complex process of flow in rivers and floodplains and
the flow through bridges or culverts. Flood modelling is generally carried out using
two dimensional schematizations of the area which contain a detailed representation
of the terrain and waterway structures. These model schematizations cover an area
where detailed flood behaviour is desired and a sufficient additional area upstream
and downstream so that assumptions at the model boundaries do not affect the area
of interest. Hydraulic models provide very detailed spatial information on:
•

Flood depth and level;

•

Velocity;

•

Flow through a water way opening; and

•

Flow distribution between the rivers and floodplain.

These models are used to work out how new or upgraded bridges, culverts,
embarkments and levees change flood behaviour.
Hydrologic and hydraulic models are setup using data such as rainfall or ground
levels that can be measured and parameters that are adjusted within a typical range
to reproduce observed flood behaviour. This process of parameter adjustment is
called calibration where the model is “tuned” or adjusted to match observed
behaviour. This usually involves modelling several historical floods to ensure the key
process are being reproduced correctly. Good flood modelling practice is to calibrate
to several events and to then to test or verify the model using several other events
(‘validation’). This process ensures that the models can be used as predictive tools.
To undertake flood modelling on floodplains in Queensland, the national guideline is
ARR 2019 Book 7: Application of Catchment Modelling Systems (Ball, et al., 2019)
Supplementing this is Hydrologic and Hydraulic Modelling Technical Guideline
(Queensland Department of Transport and Main Roads, 2019).

2.3

Background on Bridge and Waterway Design and
Guiding Principles
In Australia, bridge waterway hydrology and design has been the remit of Austroads
(formerly NAASRA) for many years. In early 2019, Austroads modernised its guide on
waterway structures into its Guide to Bridge Technology as Part 8: Hydraulic Design
of Waterway Structures (Austroads, 2019). This publication provides guidance on the
probability of design floods which should be utilised for the design of the various
aspects of a stream crossing; the methods available to a design engineer for
estimating design flood discharges in accordance with Australian Rainfall and Runoff:
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A Guide to Flood Estimation (Ball, et al., 2019); the hydraulic design of bridges; the
estimation of scour at bridges and the design of works for the protection of bridges,
culverts and floodways from the effects of scour.
DTMR has a suite of relevant supplementary guidelines:

2.4

•

Bridge Scour Manual (Queensland Department of Transport and Main Roads,
2019)

•

Design Guide for Bridges and Other Structures (Queensland Department of
Transport and Main Roads, 2020).

Rail Infrastructure
ARTC has produced the Engineering (Track & Civil) Code of Practice (Australian Rail
Track Corporation Ltd, 2011) which in turn references the RISSB National Code of
Practice (not available to the Panel and JWG): Australian Standard Rail Networks
Code of Practice Volume 4, Track, Civil and Electrical Infrastructure
https://www.rissb.com.au/products/code-of-practice-track-civil-and-electricalinfrastructure/
•

Part 1 - Infrastructure Management

•

Part 2 – Principles Issue

•

Part 3 - Infrastructure Guidelines

Section 10: Flooding of ARTC’s Code of Practice requires the waterway and drainage
design to be undertaken in accordance with ARR and Australian Standards,
specifically AS 5100 Bridge Design and Waterway Design Manual2. A further
Australian Standard is AS7637:2014: Railway Infrastructure – Hydrology and
Hydraulics.

2.4.1

Corridor Cross Drainage
The Basis of Design Report lists the following additional internal specifications as key
documents for corridor cross drainage:

2.4.2

•

ARTC: ETC-08-03 Earthworks Materials Specification

•

ARTC: ETC-08-04 Earthworks Construction Specification

Corridor Longitudinal Drainage
The Basis of Design Report lists the following additional internal specifications as key
documents for corridor longitudinal drainage:

2

•

RTS 3430 Track Reconditioning Guidelines (Interim)

•

RTS 3432 Track Drainage – Inspection and Maintenance (Interim)

The ARTC Code of Practice – Flooding, 2011, additionally references in section 10.1.1 a manual
called “Waterway Design Manual”. The ARTC technical library links the reference to the now
superseded Austroads document from 1994 titled “Waterway Design: A guide to the hydraulic
design of bridges, culverts and floodways”. The FFJV technical reports for Hydrology and Flooding,
Section 4.4 lists the Relevant Standards and Guidelines. This superseded Austroads document is
not listed. (Foster, D. (2020). [EXT] RE: B2G review - International Independent Flood Panel preliminary feedback. [Email])
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2.4.3

•

RTS 3433 Track Drainage – Design and Construction

•

ETC-08-04 Earthworks Construction Specification

Corridor Diversion Drainage
The Basis of Design Report lists no specific standards for corridor diversion drainage,
however, the standards referenced for hydrology (flooding) and corridor longitudinal
drainage are both specifically relevant to the consideration of any potential diversion
drainage works.

2.5

Usual and Best Practice
The flood models provided were reviewed by the Panel to see if they follow best
practice including recommended parameters as outlined in this document as well as
the specific software manuals.
In Australia best practice design flood estimation is defined by Australian Rainfall and
Runoff. Best practice hydraulic modelling is defined by Australian Rainfall and Runoff
Revision Project 15: Two-dimensional modelling in urban and rural floodplains. ARR
Project 15 was written by the leading practitioners in the field and provides guidance
on how to develop a hydraulic model.

2.5.1

Floodplain Management
Whilst B2G Inland Rail will not explicitly impact on management of the floodplains in
the four regional catchments, the designer should be familiar with common floodplain
management practices. The references listed in the Panel’s ToR for this include:

2.5.2

•

Australian Government (2013) Managing the floodplain: a guide to best
practice in flood risk management in Australia, Australian Emergency
Management Handbook Series, Canberra. Australian Institute for Disaster
Resilience (2017) https://knowledge.aidr.org.au/resources/handbook-7managing-the-floodplain/

•

State Planning Policy – State Interest Guidance Material – Natural hazards,
risks and resilience – Flood, Department of Infrastructure, Local Government
and Planning (2017), https://dilgpprd.blob.core.windows.net/general/sppguidance-natural-hazards-risk-resilience-flood.pdf

•

Planning for Stronger, More Resilient Floodplains Part 1 Interim Measures
and Part 2 – Measures to support floodplain management in future planning
schemes, Queensland Reconstruction Authority; 2014.

Assessing Linear Infrastructure in Australia
Typically for linear infrastructure, a flood model may be developed from scratch or an
existing model used by Council for floodplain management may be modified.
Modifications to the flood models are expected to be:
•

Split of the hydrologic model subcatchments where the project splits or
diverts flows;

•

Modification of the hydrologic model terrain to represent the rail/road
embankment; and

•

Addition and/or removal of culverts and bridges.
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The impact of the linear infrastructure is assessed by comparing the existing
conditions with the post construction scenario. There is no national guidance on the
assessment of impacts. ARR Project 15 authors recognised that some guidance was
required on the reporting of flood level impacts. At the time of writing of the twodimensional flood modelling guides there was a trend to report impacts to the nearest
1mm. The authors of the two-dimensional flood modelling guidelines recommended
that impacts should not be reported below 10mm except when reporting contribution
to a cumulative impact.
The following factors were identified as requiring consideration when reporting
impacts (Babister and Barton, 2012):
•

scale and extent of the impact;

•

accuracy of flood model;

•

accuracy of topography; and

•

spurious impacts that are not real.

It is also noted that Part 5 of the draft Austroads Guide to Road Design has a specific
discussion on acceptable flood impacts for linear infrastructure including
infrastructure in rural areas.

2.5.3

International Practice
The references listed in the Panel’s ToR for this include:

2.5.4

•

Evaluating Scour at Bridges, Hydraulic Engineering Circular Number 18
(HEC-18), Fourth Edition, US Department of Transport – Federal Highway
Administration, Virginia, USA, Richardson, EV and Davis, SR: 2001

•

Hydraulic Design of Energy Dissipaters for Culverts and Channels, Hydraulic
Engineering Circular Number 14 (HEC-14), Third Edition US Department of
Transport – Federal Highway Administration, Virginia, USA, Thompson, PL &
Kilgore, RT; 2006

European Approaches
In 2017, a comparison was made between adopted approaches in various countries
in Europe regarding water management in relation to linear infrastructure3. The
comparison was made on the following topics:
•

Cross-drainage;

•

Longitudinal drainage; and

•

Precipitation on the road.

Only in some European countries, climate change is explicitly considered in the
design, by adopting stricter standards of assuming an increase in precipitation
intensity in the IFD curves.

3

CEDR WATCH project, country comparison report, June 2017 (https://www.cedr.eu/strategic-plantasks/research/cedr-call-2015/call-2015-climate-change-desk-road/)
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2.5.4.1 Cross-drainage
Two main approaches are applied for calculation of design flows for bridges and
culverts. These are:
•

Flood Frequency Analysis: deriving extreme value statistics from the use of
gauge flow data in combination with (extreme value) statistical methods; and

•

Design Event Approach: an estimation of the design flows based on rainfall
statistics in combination with runoff models (or runoff coefficients).

Design standards for cross-drainage structures are generally stricter compared to
those for longitudinal drainage and precipitation on the road. In most European
countries, design standards are return periods in the order of 100 to 200 years, but in
some countries return periods of 10 to 25 years are used.

2.5.4.2 Longitudinal Drainage
The standard approach to manage longitudinal drainage is the use of ditches
(referred to as table drains in Australia). The Manning equation is often used to obtain
design dimensions of the ditches. Runoff computations are carried out with relatively
straightforward hydrological methods, of which the Rational Method is the most
commonly used. Precipitation input for these calculations is in the form of IFD curves.
Design standards range between 25 years and 100 years return period.

2.5.4.3 Precipitation on the Road
The standard approach for drainage and conveyance design is the use of dynamic
calculations. Input regarding precipitation for those calculations is mostly in the form
of IFD curves. Design standards vary substantially between countries; some
countries use return periods of 5 years or even less, while other countries use return
periods of 200 years. Dynamic calculations are made for several durations. In
general, the prevailing duration of precipitation for the design of the road surface is in
the order of 5 to 10 minutes and for the design of storm water management systems
(conveyance) in the order of minutes to 6 hours.
Issues of embankment drainage and aquaplaning associated with direct precipitation
on the formation are not applicable to the ballast and rail of the B2G alignment.

2.5.5

Summary
This review of the flood studies of Inland Rail for the B2G section by the independent
Panel gives assurance for concerned stakeholders (state and federal governments)
of this “point in time” design being best practice.

2.6

Greenfields and Brownfields Linear Infrastructure
Philosophy
When new or upgraded infrastructure is designed across a floodplain or crossing a
defined watercourse, two types of flood modelling are warranted: flood immunity
studies and flood impact assessment.
In addition to the standards and guidelines previously identified in this section, the
following apply to flood impact and immunity studies:
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2.7

•

Guide to Road Design Part 5: Drainage – General and Hydrology
Considerations, Sydney (Austroads, 2013)

•

Guide to Road Design Part 5B: Drainage – Open Channels, Culverts and
Floodways, Sydney (Austroads, 2013c)

•

Road Drainage Manual (Queensland Department of Transport and Main
Roads, 2019)

•

Guidelines for Road Design on Brownfield Sites (Queensland Department of
Transport and Main Roads, 2013)

Climate Change Risk Assessment
DTMR has recently published guidance on undertaking climate change risk
assessments on infrastructure projects. Climate change risk assessments are
assessments of the consequence and likelihood of climate-related hazards and
opportunities (direct, indirect and transitional) to an asset occurring during a
nominated timeframe or an asset's design life. Climate projections are used to
identify hazards, or changes in hazards, that may affect an asset, and to identify the
consequence and likelihood of that hazard occurring. The department's Climate
Change Risk Assessment guidance has been developed to complement and support
climate change assessment requirements within Infrastructure Australia's
Assessment Framework (Infrastructure Australia, March 2018).
With regard to the application of climate change to the design of infrastructure within
Transport Act corridors in Queensland, DTMR has Climate Change Risk Assessment
Methodology (Queensland Department of Transport and Main Roads, March 2020)
which was first published as an interim draft in July 2019.
For this major project, if applying the Infrastructure Sustainability Council of Australia
(ISCA) Infrastructure Sustainability Rating Scheme4 and meeting the DTMR risk
assessment method, it is difficult to achieve climate credits without incorporating
appropriate climate change induced rainfall intensities to hydrologic/hydraulic design
of the flood immunity of Inland Rail.
DTMR’s climate change risk assessment methodology has been published after this
EIS process began. However, DTMR has always required the most up-to-date
application of climate change impacts to the planning and design of its projects
(Roads Drainage Manual (Queensland Department of Transport and Main Roads,
July 2015)).

4

An Infrastructure Sustainability (IS) rating scheme for planning, design, construction and operations
of infrastructure assets.
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3

Design Criteria – Flood Impact Objectives

3.1

Overview
The draft EIS includes inward-facing hydraulic design criteria and outward-facing
flood impact objectives. The design criteria address the serviceability and longevity
requirements adopted for the asset while the objectives reflect the need to protect the
environment and minimise impacts to existing infrastructure (such as roads), land
uses and buildings.
At this time in the project progression, the objectives necessarily do not reflect
absolute requirements and provide guidance with respect to the impact that is likely
to be acceptable. Due to the length of the corridor and the variable nature of flooding,
it is not feasible to define impact limits that can be rigidly applied to the entire route.
Local, site specific conditions will need to be considered to confirm whether an impact
at a particular location that does not nominally meet the objectives is acceptable.
Despite this, it is necessary for the objectives with respect to relevant flood-related
criteria to be sufficiently well defined to allow potential adverse impacts to be
identified, trigger further investigation and then further considered relative to the
objectives and local conditions.
A summary of the Panel’s comments on the Flood Impact Objectives is provided in
the following sections.

3.2

Adopted Flood Impact Objectives
Table 3-1 shows the Flood Impact Objectives (FIO’s) extracted from Chapter 12 of
the draft EIS.
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Table 3-1 Flood impact objectives

It is important to note that the objectives were only used to guide the project design;
the objectives were not used as absolute design criteria. Further, the objectives do
not nominate acceptable durations of inundation.
Section 12.5.3.2 of Chapter 12 of the draft EIS notes that ‘acceptable impacts will
ultimately be determined on a case by case basis with interaction with stakeholders/
landholders through the community engagement process using these objectives as
guidance’.
While such an approach is reasonable, it does rely on the development of appropriate
solutions given local constraints and open liaison with key stakeholders and
landowners.
It also potentially relies on key stakeholders and landowners having a reasonable
degree of understanding of hydraulic processes. While landowners tend to have a
wealth of knowledge regarding flooding conditions, this understanding may not
extend to an appreciation of the impact of development on the use of their land based
on the information supplied in the draft EIS.
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Following discussions with representatives of ARTC, it is understood that there is an
expectation that flood impact design criteria will be nominated where appropriate as
part of the conditions of approval and that it will be necessary for the detailed design
to be adjusted subsequent to the approval as necessary to satisfy the conditions. The
conditions will therefore have to recognise consultation undertaken with stakeholders
and landowners while also ensuring that the flood impact of the works will ultimately
be acceptable.

3.3

Observations Regarding Flood Impact Objectives
The following observations are made by the Flood Panel with regard to the FIO’s that
have guided the flood modelling and feasibility design completed with respect to B2G.

3.3.1

Change in Peak Water Level Constraint
The FIO’s nominate flood impact limits with respect to a range of scenarios. This
approach is appropriate as the ability to tolerate changes in flood level will depend on
the situation being considered. The reasonableness of the nominated tolerances is
discussed below:
•

Habitable/commercial buildings: The nominated 10 mm or less impact is
generally in accordance with standards in urban areas with stringent planning
schemes (for example Brisbane City Council LGA) and may be more severe than
some of the LGA requirements that the alignment traverses. For habitable areas,
the nominated tolerance is considered to be reasonable. The FIO agrees with
performance criteria from the Basis of Design (Australian Rail Track Corporation
Limited, May 2018) which states “the increase in flood level above the floor level
of buildings must be less than 0.01 m”. With floor levels and building type of all
buildings within the flooded extent yet to be surveyed, in this phase of design it is
appropriate not to differentiate between over floor and under floor flooding
criteria.

•

Areas associated with residential or commercial/industrial buildings (for
example yards): The adopted constraint of 50 mm or less where flooding does
not impact dwellings/buildings is less stringent than some urban areas (for
example Brisbane City Council LGA). Although an increase in flood level of this
order could be unacceptable in certain situations (that is, where new building
works or subdivisional approval is already granted under local planning
schemes), the adopted tolerance is considered to be sufficient for the purpose of
initial guidance.

•

Existing non-habitable structures: The constraint of 100 mm or less may not
be appropriate and needs to be considered on a case-by-case basis. However,
the adopted tolerance is considered to be sufficient for the purpose of initial
guidance. The FIO does not agree with performance criteria from the Basis of
Design (Australian Rail Track Corporation Limited, May 2018) which states “the
increase in flood level above the floor level of buildings must be less than
0.01 m”, with no differentiation between habitable and non-habitable floors.
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•

Roadways: The constraint of 100 mm or less may not be appropriate depending
on the particular situation being considered. The matters to be considered in
relation to the acceptability of an impact at a road include:
o

What is the relative importance of the road (e.g. is it a Main Road or a critical
escape route where there is a reduced ability to accept increases in flood
level) and are there alternate flood free routes;

o

Would an increase in depth of 100 mm change the hazard classification; and

o

The impact of the change on the time of inundation (refer Section 3.3.3).

While the nominated tolerance is sufficient for initial assessment purposes, it is
noted that Councils and the State could require reduced impacts depending on
the particular road being considered. The FIO does not agree with performance
criteria from the Basis of Design (Australian Rail Track Corporation Limited, May
2018) which states “must be less than 0.01 m and this impact criterion must also
apply to other sensitive infrastructure … including changes to any associated
roads”.
•

•

3.3.2

Agriculture and grazing: Although the constraint of 200 mm or less with isolated
areas of up to 400 mm provides initial guidance and reflects the expected higher
tolerance for increases on rural land, whether the impact is acceptable will
depend on the current and potential future use of the land and will require
consideration of factors including:
o

Does this level of afflux result in altered flow patterns (particularly for more
frequent events) or increased scour; and

o

What is the impact on the agricultural viability of the land.

Critical infrastructure: The FIO’s are silent on level impact suitable for critical
infrastructure. Some examples include telecommunication towers, local authority
pump stations and electricity authority sub-stations; that is any infrastructure that
relies on flood free access and/or operation.

Inundation Extent
One important criterion is a change in flood fringe. Buildings or lots that go from being
dry in a certain sized flood to being within the flood extent for the same sized flood
when the rail line is built should be considered. Those areas plotted as “Was Dry Now
Wet” on the developed case afflux maps should be considered under a flood impact
objective. These mapped areas, combined with the “Was Wet Now Dry” areas also
give indication of changed flood flow distribution (refer Section 3.3.4).

3.3.3

Change in Duration Constraint
The FIO’s do not nominate a quantitative limit with respect to changes in the duration
of inundation. While it is appreciated that whether a change in the duration of
inundation is acceptable will depend on the use being considered (for example a road
or an agricultural area) and the nature of the activity (e.g. the use of the road or the
type of crop being grown), it would be beneficial to provide guidance in relation to the
change in duration that would be considered to be acceptable.
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Alternatively, a no worsening criteria could be adopted with added criteria that if the
duration must be increased, the Consultant must demonstrate that this increase in
duration does not cause any adverse impacts on the existing and future use of the
land.
The objectives adopted for the Inland Rail in New South Wales (as discussed in
Section 3.4) could be considered for this purpose.

3.3.4

Flood Flow Distribution
The FIO’s do not provide a quantitative objective in relation to changes in the
distribution of flow. This is considered to be acceptable given that changes to flood
flow distribution will be associated with the adopted locations for drainage structures
and provided that the change in flow distribution at each crossing is considered.
Given the rural nature of much of the B2G alignment, the consideration of impacts on
flood flow distribution will necessarily need to focus on the lower flows associated
with more frequent events as these will be of relevance to local landholders. Farm
drain connectivity is a significant issue for agricultural landowners.
An example criterion from a DTMR project is provided below:
“All existing flow paths through the Site or existing transverse drainage that are
conveying runoff from adjoining farmland or minor watercourse and gullies should
be maintained such that the Project Works do not cause ponding of water or
increased duration of inundation on the farmland, even during small local
catchment storm events. Modelling of these minor drainage systems is not
required but it should be demonstrated that capacity of existing open channels
and transverse drainage is maintained as a minimum.”

3.3.5

Velocities
No specific objective is nominated in relation to locations where an increase in
velocity will occur, with the objective aiming for the retention of existing velocities and
nominating the use of scour protection where increases occur.
Given the potential for scour to occur given the soil types documented for the area, it
is considered preferable to adopt a desirable limit for the change in velocity or
velocity magnitude; desirable limit to encourage the development of solutions that
minimise the requirement for scour protection and to clearly identify the cases where
it will be required.
The limits adopted for the Inland Rail in New South Wales (as discussed in
Section 3.4) could be considered for this purpose. Further, given the known erodibility
of the “black soils” present within the B2G section, the consideration of more soilspecific limits could be considered.

3.3.6

Extreme Event Risk Management
The FIO’s require an assessment of risks posed to neighbouring properties for events
larger than the 1% AEP event to “ensure no unexpected or unacceptable” impacts.
While the intent of the objective is understood, it is not clear what the implications of
this objective are. In particular, the assumptions with regard immunity to the crest
level adopted in the flood model (the top of rail or the formation level) need to be
considered.
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Further, there is no definition of what would constitute an “unexpected or
unacceptable” impact although impacts in terms of water level are quantified for all
events.
It is recommended that additional guidance be included in the objectives in relation to
acceptable changes in extreme events.

3.3.7

Sensitivity Testing
The FIO’s require the risk to impacts posed by climate change or blockage to be
assessed. The nominated objective is considered to be both good practice and
acceptable5.

3.4

Flood Impact Objectives for Approved Sections of
Inland Rail
The adopted Flood Impact Objectives have been compared to relevant standards in
the previous section. For context, it is worth considering the flood impact objectives
that have been adopted within the NSW sections of the Inland Rail Project
(Quantitative Design Limits or QDLs). The QDLs from the Narrabri to North Star
section of the northern NSW portion of the Inland Rail Alignment are presented in
Table 3-2 below. These QDLs have been published as conditions with the
infrastructure approval of the critical State significant infrastructure (CSSI) under
NSW Environmental Planning & Assessment Act.

5

Refer Section 5.4 for a discussion on the application of climate change in the sensitivity modelling.
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Table 3-2: Quantitative Design Limits – Conditions of Approval for Inland Rail –
Narrabri to North Star
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The notes for that table are also reproduced here.

While conceptually similar, there are several key differences between the FIO’s
adopted for the feasibility design work considered within the draft EIS and the QDL’s
adopted in NSW. These differences are summarised below:

3.4.1

Change in Peak Water Level (Afflux) Constraint
With regard to buildings, the FIO’s afflux constraint refers to the location and type of
building whereas the QDL’s refer to habitable and non-habitable floors.
When the FIO’s and the QDL’s are compared:

3.4.2

•

The habitable floor level afflux constraint is the same for both i.e. 10 mm
afflux limit;

•

Although logistically more difficult to assess, there are advantages in
referencing floor levels, rather than simply location. The reason for this is that
below floor flooding is likely to be of far less concern than above floor flooding
(particularly in rural areas where buildings may have been constructed
specifically with the knowledge of previous flood events). It is noted for this
draft EIS phase that a floor level database for buildings within the flooded
extent has not been developed;

•

The agricultural afflux constraint is of the same order, noting the NSW
objectives have a limit of 200 mm while the FIO’s nominate 200 mm and an
upper limit of 400 mm;

•

The QDL for highways and sealed roads (no increase in depth where
aquaplaning risk exists, otherwise 50mm increase) is more stringent than the
100 mm limit specified in the FIO’s; and

•

THE QDL’s have an additional category (forest and unimproved grazing land)
of 300 mm increase. It is unknown whether these two land uses exist in the
B2G section of Inland Rail. Channels here, though, are steeper and more
likely to be incised and hence the QDL may not be invoked.

Scour/Erosion Potential Criteria
THE QDL’s explicitly specify scour/erosion potential limits and places quantitative
limits on velocities and potential increases in velocities.
In contrast, the FIO expresses velocity increase constraints in qualitative terms,
requiring the designers to maintain existing velocities where practical and to justify
acceptability of changes through assessment of risk.
The QDL’s place specific limits for differing land uses, for example:
•

20% increase in velocities; and

•

no velocities to exceed 0.5m/s unless justified by site-specific assessment.
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Providing quantitative limits on velocity increases is seen as advantageous over a
purely qualitative criterion, particularly given the black soils present in the B2G
section (refer Section 10).

3.4.3

Flood Hazard Criteria
While the equivalent FIO limits are expressed in terms of depth, the QDL’s provide
specific limits on the increase in hazard (incorporating the combination of depth and
velocity).
Providing quantitative limits on hazard increases is seen as advantageous over a
simple increase in depth (or level or afflux) constraint.

3.4.4

Flood Duration
The QDL’s explicitly specify quantitative limits on the potential increases in flood
duration or time of inundation.
In contrast, the FIO requires consideration of potential increases in flood duration in
qualitative terms requiring the designers to identify changes to time of inundation
through determination of time of submergence …, consider impacts on accessibility
during flood events and justify acceptability of changes through assessment of risk
with a focus on land-use and flood sensitive receptors.
The QDL’s place specific limits for differing location or land uses for example:
•

No increase in inundation duration above floor level for habitable floors

•

10% increase in inundation for highways and sealed roads.

Providing quantitative limits on time of inundation increases is seen as advantageous
over a purely qualitative criterion. It is noted, however, that a floor level database
does not exist in this project phase.

3.4.5

Sensitivity Testing
The FIO’s require additional sensitivity testing for climate change and blockage
scenarios although the results of the sensitivity testing have not resulted in changes
to the adopted design in the results reviewed to date.
There is no equivalent requirement in the QDL’s. However, appropriate blockage for
each cross-drainage structure is included in the design for North Star to Narrabri. No
reference to the inclusion of climate change induced rainfall intensity increases is
provided in the conditions of approval but may be indirectly found in the guidelines it
refers.

3.5

Recommendation
It is recommended that the FIO’s be amended to consider the additional guidance
with respect to:
•
•
•
•
•
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In adding quantitative guidance, the QDL’s adopted for the Conditions of Approval for
Inland Rail in New South Wales are considered to be generally reasonable (subject to
adjustment to accommodate local context – e.g. black soils).
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4

Design Criteria – Hydraulic Design

4.1

Overview
The draft EIS includes inward-facing hydraulic design criteria and outward-facing
flood impact objectives. The design criteria address the serviceability and longevity
requirements adopted for the asset while the objectives reflect the need to protect the
environment and minimise impacts to existing infrastructure (such as roads), land
uses and buildings.
A summary of the Panel’s comments on the Hydraulic Design Criteria is provided in
the following sections.

4.2

Flood Immunity
The Panel makes no comment on the flood immunity criterion of 1% AEP plus
300 mm freeboard to formation level. This is a prerogative of the proponent. Apart
from connections to existing rail at both ends of B2G, this is a greenfield section of
track and is not precluded from achieving this immunity like in other densely urban
corridors.

4.3

Extreme Events
Consideration of implications for structural/geotechnical stability of the rail/rail
embankment itself under extreme events as a result of water ponding upstream of the
embankment is covered via the design criteria.

4.4

Sensitivity Testing
While it is important to consider climate change OR blockages, it is likely at the end of
the design life of cross-drainage and associated embankment that both climate
change induced rainfall intensity increases AND blockage are combined for
assessment of flood vulnerable locations along the alignment for future asset
managers.
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5

Cases Assessed

5.1

Background
The flood modelling has been undertaken with the intent to identify high-risk
watercourse crossings or floodplain locations that may be impacted by the project
alignment as well as a quantitative assessment of existing flooding and mitigation of
impacts.
To satisfy this intent, it is necessary to develop flood models that reliably reflect the
flooding behaviour of the catchment being considered, while also recognising the
uncertainty inherently resulting from the variation associated with natural events
occurring within a catchment that can be physically affected by the events.
For those catchments where stream gauge data is available, flood model parameters
were adjusted via a calibration process until the models provided a suitable level of
agreement to data recorded for historic events.
In the Macintyre Brook Yelarbon to Inglewood flood model, the 1976 event was
modelled. In the Gowrie Creek flood model, the 2010 and 2011 events were
modelled. In the Condamine flood model the 1991, 2010 and 2013 events were
modelled.
For those catchments without stream gauges, flood model parameters were typically
selected based on achieving a suitable level of agreement to the flows estimated for
a nearby catchment for which calibration to a stream gauge was possible and which
was assessed as being hydrologically similar to the catchment being considered.
Further confirmation of the applicability of adopted model parameters was sought via
comparisons to other recognised regional flow estimation methods, namely the
Regional Flood Frequency Estimation Model and the Quantile Regression Technique.
Parameters not able to be set via calibration or comparison to other catchments (for
example vegetation levels within an ungauged catchment) were set based on values
accepted for flood models based on previous experience.
The Panel notes that in general the majority of small to medium catchments in
Queensland do not have stream gauges to allow the calibration of flood models. It is
therefore necessary in most cases to use methods such as those adopted for the
B2G section flood modelling on catchments without stream gauges.
The resultant flood models were used to model design flood events.
Design flood events are theoretical events based on a statistical analysis and this
includes the analysis of long- term rainfall data which is undertaken by the Bureau of
Meteorology. This data is combined with other design inputs such as temporal
patterns of rainfall (how rainfall is distributed in time), spatial patterns of rainfall (how
rainfall is distributed in space over the catchment), losses, and pre-burst rainfall
(rainfall that occurs before the rainfall burst that causes the worst flooding) to produce
a design flood estimate.
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5.2

Terminology on Likelihood of Events
Australian Rainfall and Runoff (Ball, et al., 2019) (ARR 2019) recommends the use of
terminology that is not misleading to the public and stakeholders. Therefore, the use
of terms such as “recurrence interval” and “return period” are no longer
recommended as they imply that a given event magnitude is only exceeded at regular
intervals such as every 100 years. This can be misleading since, rare events may
occur in clusters. For example, there are several instances of a events with a 1% or
less chance of occurring within a short period, for example the 1893 February floods
at the Brisbane River Port Office.
Historically, the term Average Recurrence Interval (ARI) has been used to describe
the severity of a flood event. ARR 2016 recommends the use of Annual Exceedance
Probability (AEP) instead of ARI. Annual Exceedance Probability is the probability of
an event being equalled or exceeded within a year. AEP may be expressed as either
a percentage (%) or 1 in X. Floodplain management typically uses the percentage
form of terminology. Therefore a 1% AEP event or 1 in 100 AEP has a 1% chance of
being equalled or exceeded in any year.
ARI and AEP are often mistaken as being interchangeable for events equal to or
more frequent than 10% AEP (1 in 10 AEP).
While ARI and AEP are similar for large events (for example the 1% AEP event is
equivalent to the 100 year ARI event), this is not the case for events equal to or more
frequent than the 10% AEP (1 in 10 AEP). The 20% AEP event considered in the
flood modelling is equivalent to a 4.48 year ARI event.
The Probable Maximum Flood is the largest flood that could possibly occur in a
catchment. It is related to the Probable Maximum Precipitation (PMP). The PMP has
an approximate probability. Due to the conservativeness applied to other factors
influencing flooding, a PMP does not translate to a PMF of the same AEP. Therefore,
an AEP is not assigned to the PMF.

5.3

Design Events Assessed
The investigation has assessed the impact of the alignment on flood behaviour for the
following design events:
•

20% AEP;

•

10% AEP;

•

5% AEP;

•

2% AEP;

•

1% AEP;

•

1 in 2,000 AEP;

•

1 in 10,000 AEP; and

•

Probable Maximum Flood.
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The events were calculated in accordance with the 2016 version of Australian Rainfall
and Runoff. Although all these events have been modelled, reporting assessment of
results is primarily focussed on the 1% AEP event as it represents the rarest event
assessable against flood impact objectives and is the defined flood for immunity of
the rail formation.
The smallest event assessed, the most frequent flood, is a 20% AEP. It may be
possible to assess interference with watercourses, floodplain areas and wetlands
although it is likely that only an investigation of more frequent events will provide submajor waterway scale assessment.

5.4

Sensitivity Modelling
Sensitivity testing is undertaken to assess the sensitivity of flood model results to
changes in flood model parameters and to provide confidence in the model results.
Sensitivity testing is typically undertaken by practitioners on the defined flood event,
in this case the 1% AEP event. Sensitivity modelling was separately undertaken for
the 1% AEP design event for both climate change rainfall increase and blockage in
accordance with ARR 2016. Climate change rainfall increases were modelled as a
Representative Climate Pathway (RCP) 8.5 for 2090, in line with DTMR general
requirements and resulted in 18% - 24% increase in rainfall intensities across the
section.
Impacts for the climate change scenario were calculated relative to a base case (i.e.
without the railway) that also included climate change.
The blockage sensitivity flood modelling focuses on the blockage of the drainage
structures to be constructed as part of Inland Rail to identify the additional afflux
associated with the blockage of these drainage structures. For this assessment, all
existing culverts in the regional flood models stay unblocked (blockage equal to 0%)
in the existing case, the 0% blockage sensitivity case, the 25% blockage design case
and the 50% blockage sensitivity case. The impact assessment is:
•

Change in peak water surface level = peak water surface level
(design case with design culverts blocked plus existing culverts
unblocked) – peak water surface level (existing case with culverts
unblocked).
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6

Hydrology
The following sections highlight the general approach adopted and potential issues
associated with the hydrologic modelling undertaken for the B2G section. It should be
noted that detailed discussion for each hydrologic model is provided in Appendix B
through Appendix M for each of the twelve catchments considered in this report
(noting the review of the final thirteenth catchment (the Macintyre River) will be
published as a separate addendum to the draft report when revised flood modelling
and reporting is supplied to the Panel and has been reviewed; Appendix A contains a
discussion paper in relation to the status of the modelling of the Macintyre River that
is being undertaken).
Where parts of the hydrologic modelling were assessed as appropriate and fit for
purpose, they are not mentioned in this main report.

6.1

Flood Modelling Approach
Hydrologic modelling to assess the Westbrook and Dry Creeks and Gowrie Creek
was undertaken using the RAFTS hydrologic package. All the other catchments were
modelled using the URBS hydrologic package. URBS and RAFTS are both
considered to be suitable tools for assessing the hydrologic processes across the
wider catchment. The hydrologic model enables calibration to historical events and
ultimately production of appropriate design flood discharge hydrographs as inflows to
the hydraulic models.
The URBS hydrologic models used for the assessment and the models they were
based on are as listed:
•

Condamine River and Back Creek
o

•

Nicol Creek, Bringalily Creek, Native Dog Creek, Cattle Creek and Pariagara
Creek
o

•

•

o

Inglewood Flood Study (2015) for Canning Creek catchment; and

o

Inland Rail: North Star to Border (sourced from DPIE)

Macintyre Brook at Bybera Road
New URBS model created by ARTC

Macintyre Brook at Cremascos Road
o

•

Inglewood Flood Study (2015) for Canning Creek catchment

Macintyre Brook Yelarbon to Inglewood

o
•

New URBS models created by ARTC

New URBS model created by ARTC

Macintyre River
o

Macintyre Brook, Macintyre River and Dumaresq River models (sourced
from DPIE); and

o

Ottleys Creek (sourced from DPIE)

The RAFTS hydrologic models used for Westbrook and Dry Creeks and Gowrie
Creek assessments were developed for the study by ARTC.
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The Panel considers that insufficient detail is provided in relation to the hydrologic
model parameters adopted for the investigation. For the Macintyre Brook hydrologic
models, a number of adopted parameters were outside the range typically expected
for such catchments and resulted in flows that were a poor fit to other flow calculation
methods for events other than the 1% AEP event (refer Section 6.6).
Further, for the Macintyre Brook Yelarbon to Inglewood flood model, three hydrologic
models with different parameters were used together with a mutually inconsistent
approach to rainfall loss values. Also, the assumptions made with regard to storage
within the Coolmunda Dam were not considered to be appropriate for extreme
events.
In the case of the URBS hydrologic model of the Canning Creek catchment (used to
derive flows for the Nicol, Bringalily, Native Dog and Cattle Creek catchments), the
alpha channel lag parameter was altered from that adopted for the previous URBS
hydrologic model of the catchment developed for the Inglewood Flood Study. No
explanation was provided in relation to the reason for the change in parameter value.

6.2

Focal Point for Rainfall Data and ARF
Focal points are used to extract appropriate rainfall intensity, frequency and duration
(IFD) data and Areal Reduction Factors (ARFs) to be applied within the hydrologic
models. As the size of a catchment increases, the ARF allows the design rainfall
applied to a catchment to be reduced to account for the reducing likelihood of the
design rainfall occurring simultaneously across the entire catchment, The choice of
focal point is also relevant with respect to the selected critical duration and temporal
pattern of the design rainfall event.
Documentation outlining the focal point selection for both rainfall IFD data and ARFs
and details regarding sensitivity testing of this location is limited. However, where it is
documented, the general approach adopted was to align the single focal point to a
calibration gauge or similar location.
Generally, for linear infrastructure projects of this nature the focal point location
should align with the key points of interest, which for the case of this investigation
should be the rail alignment, or be close by so that they have a similar total
contributing catchment size.
Further, the alignment includes a number of crossings for which the contributing
catchment area is less than that of the overall catchment. The ARF applicable to the
catchment draining to the main crossing may not be relevant to other crossings.
The Panel appreciates that for alignments with multiple points of interest it is
impractical to incorporate focal points for each location. However, sensitivity testing
should be documented showing minimal change in results by adopting a focal point
based on the rail alignment. Justification for the chosen focal point and consideration
of the potential change in conditions away from the focal point is warranted, together
with either the consideration of a range of storm durations or a sensitivity assessment
using a general ARF value of unity given the uncertainty associated with the
calculation of flow.
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6.3

Sub-catchment Delineation
The sub-catchment delineation adopted for the hydrologic modelling was either
based on previous studies or undertaken by ARTC. No changes were made between
existing and developed catchment delineation to account for the location of the rail
alignment. The typical procedure for the development of a hydrologic model for a
linear infrastructure project is to divide the sub-catchments at the project alignment.
This allows for any redirection of flow or storage of flow upstream of the alignment to
be properly accounted for. Such an approach is typically undertaken in both the
existing and design case to allow a valid comparison of options. This has not been
undertaken for the current study.
There are also several catchments where the sub-catchment delineation process has
potential errors such as gaps or overlapping of catchments or the omission of
catchments. This is present in Macintyre Brook hydrologic models and Gowrie Creek
and is presented in the further detail in Appendix B - Appendix D and Appendix M.
Figure 6-1 presents an example of this approach from the Condamine River
catchment however this is present in all hydrologic models investigated. It was
expected by the Panel that sub-catchment division at the alignment would have been
undertaken.
The regional, broad-scale flood studies, used as the basis for the Inland Rail
hydrologic modelling, lack detail around the alignment. The model setup results in
flows for large areas being applied downstream of the alignment or in several cases,
not implemented in the hydraulic sub-models. Several inflows were not included in
the hydraulic models due to the catchments being considered too small by FFJV and
instead are included in local catchment hydraulic models. The FDR incorporates
these local catchments where areas are less than 10 km2 and classified as minor.
This approach does not account for all inflows in the hydraulic sub-model and hence
interaction of systems. The issues associated with this approach are discussed
further in Section 6.3.1.
It is expected that if a regional sub-catchment is not subdivided in the hydrologic
model, sub-catchment inflow would be proportioned within the hydraulic model based
on catchment area allowing the flow through each structure to be modelled
appropriately. It appears this approach was not adopted. An example of culverts in
the alignment that have no flow in the hydraulic model is shown in the example below
for the Native Dog Creek catchment in Figure 6-2 (the culverts are shown in green in
the figure).
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Figure 6-1: Example of the Alignment Subdividing Sub-catchments of the
Hydrological Model (from Condamine River)
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Figure 6-2: No Culvert Flow Example – Native Dog Creek (1% AEP Depth)

6.3.1

Accounting for all Inflows and Interaction of Systems
In several cases, it was identified that the interaction of systems was not
appropriately accounted for:
•

Where a location is affected by local catchment flow as well as regional
flooding. Only analysing the one flood mechanism may lead to underestimation of the flood level, velocity or impact. For example, for extreme
events in Native Dog Creek (refer Appendix G), there is the potential for
interaction to occur with the adjoining catchment.

•

Where a location is subject to tailwater control from adjoining or regional
catchment flooding. For example, within the Pariagara Creek catchment
(refer Appendix E), no inflows downstream of the alignment have been
included in the hydrologic modelling and subsequently the hydraulic model,
allowing for backflow and potential underestimation of tailwater conditions.

•

Subcatchments are large and the flood model assessed regional flooding,
which resulted in some inflows being lumped into the main channel, rather
than being placed in the local catchment.
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One possible approach is to combine a number of hydraulic models (for example the
catchments within the overall Canning Creek catchment). It is acknowledged that
while this approach allows for the interaction of catchments to be modelled, it will be
necessary to pay close attention to focal points, ARF values and storm events to
ensure that the design conditions applicable to each catchment are appropriately
accounted for.
Cross-drainage for catchment watersheds less than 10 km2 is reported in the FDR
with hydrology for these calculated outside of the calibrated URBS hydrologic model
using ILSAX methodology with Bransby Williams calculation of time of concentration.
This is acceptable, however where a calibrated runoff routing model exists, ARR
2019 recommends its use before employing regional methods for ungauged
catchments. Having two hydrologic models covering the same sub-catchment can
also lead to inconsistency in design rainfall and discharge methodologies.

6.4

Flood Frequency Analysis
Where long flood records exist, the records have been captured at a gauge nearby to
the point of interest and the catchment has not changed considerably during the
period of record, flood frequency analysis (FFA) is the most robust method of
estimating the probability of flooding. It is a direct approach where a statistical
distribution is fitted to the largest flood in a continuous annual series. FFA is the
foundation of nearly every design flood estimation technique used in Australia. Nearly
every method is directly derived from FFA results or is verified and calibrated to FFA
results. While it is necessary to use rainfall runoff modelling techniques to estimate
design inflows to cross-drainage, flood models should be validated to FFA where
good long term records exist. Where the alignment crosses the upper reaches of the
catchment emphasis should be given to gauges in these locations.
Overall, there is a lack of sufficient detail and justification with respect to the
methodology adopted for other FFAs on ungauged catchments. Similarly, there is a
lack of supporting information provided in cases where the flood model results do not
agree well with the FFA or previously completed FFAs.
The Technical Report presents a comparison for the Macintyre Brook Yelarbon to
Inglewood and Condamine River of peak design event flow rates and those obtained
in the FFA. It is considered that the design flow rates do not have a good level of
agreement to the flows derived from the FFA.
Also, for Macintyre Brook Yelarbon to Inglewood, the FFA assessment was
completed with respect to one gauge while a number of other gauges with
reasonable data are also available.
For the Condamine River, the FFA was undertaken using a non-standard approach
whereby the flow record at two gauges located 15 km and 40 km downstream of the
alignment on different waterways was combined. An FFA completed by the Panel
suggests a flow bias between the North Condamine and Condamine waterways.
Additional information is required in relation to the FFA completed together with a
comparison with FFAs that have been completed previously.
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A FFA completed with respect to Macintyre Brook at Inglewood was scaled to provide
an estimated FFA for the Canning Creek catchment. Rainfall loss values were then
selected for the URBS hydrologic model of Canning Creek to reconcile flows derived
from the model with the scaled FFA. The resultant loss rates were applied to those
catchments within the overall Canning Creek catchment (including Nicol Creek,
Bringalily Creek, Native Dog Creek and Cattle Creek). Additional information is
required with regard to the ability to scale the FFA for Macintyre Brook at Inglewood
to the Canning Creek catchment and therefore the losses subsequently obtained.
Similarly, losses for the Back Creek catchment were derived based on the scaling of
a FFA completed with respect to Canal Creek. Additional information is required to
confirm that the two catchments are hydrologically similar and that the FFA can be
scaled in the manner adopted.

6.4.1

Historical Event Selection
The historical event selection for the Condamine River was appropriately undertaken
based on the available data and has incorporated the 1991, 2010 and 2013 events.
However, multiple significant flood events were not calibrated to for the Macintyre
Brook, despite most being for newer events, sufficient gauge data existing and
previous flood models calibrating to those events in some instances.

6.4.2

Potential Underestimation of Design Peak Flows
There is considerable difference between the runoff-routing model peak flow
estimates and the FFA on both the Macintyre Brook and Condamine River. Possible
causes include:
•

IFD – spatial distribution and 2016 IFD derivation by the Bureau of
Meteorology (BOM) not consistent with large historical events;

•

ARF being calculated to locations downstream instead of to the Inland Rail
alignment;

•

Issues with flow routing approach;

•

Issues with the FFA approach; and

•

High losses being applied

It is normal practice to run a range of durations to assess the critical duration for each
structure which produces the largest flow and peak water level. It is unclear if all
critical durations for all structures have been determined. Where design runs are for
critical durations at downstream gauges or downstream focal points, the assessment
is unlikely to identify peak water levels.
Further, given the uncertainty associated with the applicability of the FFA to a number
of catchments (refer Section 6.4), there is a concern based on the use of other
methods to estimate flows (refer Section 6.6) that the design peak flows for a number
of catchments could be underestimated.
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6.5

Calibration Limitations
The calibration of any flood model to recorded data is affected by a range of factors
including the accuracy of the rating curve at a gauge (used to convert recorded levels
to equivalent flows), the applicability of recorded rainfall data over the catchment
(spatially and temporally), backwater effects and ground conditions within the
catchment and at the site at the time of the event.
Further, in this case calibration was only possible with respect to three catchments
(Macintyre Brook Yelarbon to Inglewood, Condamine River and Gowrie Creek) due to
the lack of reliable stream gauge information (or the lack of stream gauges
altogether) in the remainder of the catchments.
Taking this into account, there are specific limitations to the calibration undertaken
with respect to the B2G section.
In the case of the Macintyre Brook Yelarbon to Inglewood flood model, the calibration
did not consider a number of stream gauges and multiple events, instead focussing
the calibration on the agreement at one gauge for one event. While the selected
event was the key historic event in the region, namely the 1976 event, three other
large flood events could also have been considered.
While the calibration for the Condamine River catchment considered two events (with
a third event selected for validation purposes), the focus of the calibration was also
on a single event.
For the Gowrie Creek flood model, there is uncertainty associated with the rating
curves at both gauges considered for model calibration.

6.6

Validation and Verification
The majority of flood models in the B2G section relate to catchments which do not
have a stream gauge that allows either calibration or direct verification against a FFA.
For these models, validation of peak flow rates has been undertaken with reference
to the Regional Flood Frequency Estimate (RFFE) and Quantile Regression
Technique (QRT). This is considered to be reasonable as they present industry
standard approaches to assessing peak flow rates in ungauged catchments. It is
acknowledged that the RFFE method produces a wide range of flow estimates and
that therefore the base data used in the calculation of flows in the RFFE needs to be
considered when comparing peak flow estimates obtained using the RFFE with those
derived from a hydrologic model.
However, most of the flood models developed for ungauged catchments in the B2G
section either underestimate or overestimate flow rates when compared to the flows
derived from the validation methods.
For those catchments for which the use of the RFFE and QRT methods suggests that
the peak flow calculated by the hydrologic model could be underestimated, it is
recommended that where appropriate the models be adjusted (within reasonable
limits) to produce flows that more closely agree with those obtained from the use of
other methods.
This is further documented in in Appendix B through Appendix M.
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7

Hydraulic Modelling
The following sections highlight the general approach undertaken and potential
issues associated with hydraulic modelling undertaken for the B2G section. It should
be noted that detailed discussion for each hydraulic model is provided in Appendix A
through Appendix M for each of the twelve catchments considered in this report
(noting the review of the final thirteenth catchment (the Macintyre River) will be
published as a separate addendum to the draft report when revised flood modelling
and reporting is supplied to the Panel and has been reviewed; Appendix A contains a
discussion paper in relation to the status of the modelling of the Macintyre River that
is being undertaken).Where parts of the hydraulic modelling were assessed as
appropriate and fit for purpose, they are not mentioned in this main report.

7.1

Model Setup and Extents
Regional hydraulic modelling to assess flooding in the B2G section has been
undertaken using the 1D/2D hydrodynamic modelling package TUFLOW
incorporating the latest Heavily Parallelised Compute (HPC) solver. TUFLOW is
widely used across Australia, with the HPC version used on new projects due to its
high computational speed. The higher computational speed compared to that
achieved using older (non-HPC) versions of the software allows larger models and/or
finer model resolution to be adopted to consider a wider range of flood events. It is
considered to be an appropriate tool for assessing the two-dimensional flows, levels
and velocities experienced across the wider regional catchment and the potential
impacts associated with the rail alignment.
For the assessment, the 2017 or 2018 release of the HPC solver was adopted. While
this is reasonable for the draft EIS given that this version was current at the time the
modelling commenced, the 2018 HPC solver was released at a time when the solver
represented a relatively new advance in flood modelling software. Later versions of
the solver include improved algorithms to control the time step used for calculations
and other improvements (for example the method used for eddy viscosity
calculation), to the point that it is now recommended by the authors of the software
that the older releases not be used in favour of the current version.
Consequently, it is recommended that flood modelling in support of further design be
undertaken using the latest release of the HPC solver. As the use of different
releases of software can produce slight changes in calculated flood levels and flows
and the hydraulic models consider large floodplain areas, the use of the latest release
will also entail a review of the calibration (for those limited number of catchments for
which data was available and a calibration could be undertaken) and design impacts
to confirm that the hydraulic models continue to provide an acceptable representation
of the catchment and that calculated impacts do not change from those obtained
previously.
Hydraulic models were developed for each catchment considered, with the drainage
structures for some catchments modelled within other catchments (for example the
proposed structures within the Westbrook and Dry Creeks systems were represented
in the Gowrie Creek flood model). The hydraulic model extents cover the area of
interest for the majority of catchments.
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Generally, the downstream boundary of the hydraulic model extends sufficiently
downstream of the area of interest as to not impact on the assessment of conditions
at the alignment. However, the Bringalily Creek, Native Dog Creek, Macintyre Brook
at Bybera Road and Macintyre Brook at Cremascos Road models are considered to
not extend sufficiently downstream and as a consequence potentially affect
conditions at the railway alignment.

7.2

Boundary Conditions
Inflows to the TUFLOW hydraulic models have generally been applied through
source area polygons which apply the flows generated from the hydrologic models
over a defined area. While this is generally standard practice there are several
locations where the manner in which inflows have been applied results in an
unrealistic distribution of flow.
As previously raised, sub-catchments have not been subdivided in the hydrologic
model at the alignment. Sub-catchments could be further divided or inflows could be
proportioned in the hydraulic model based on catchment area allowing flow through
each structure to be modelled appropriately.
As noted previously, source area polygons have been used to apply flow to the
hydraulic models. However, many of these have been applied using buffered
polygons based on the waterway alignment in combination with the “ALL” command
where flow is uniformly applied across all cells. This approach is contrary to the
routing calculations undertaken within the hydrologic model (where flow is routed to
the sub-catchment outlet) as flow is uniformly distributed along the reach, resulting in
the additional routing of runoff in the hydraulic model. An example of this approach is
presented in Figure 7-1
For a number of catchments (for example the Macintyre Brook Cremascos Road and
Bybera Road hydraulic models), the inflow representing a significant catchment inflow
was added (using an SA polygon) at a location in too close proximity to the alignment
to properly account for the distribution of flow.
For the Macintyre Brook Yelarbon to Inglewood catchment, it was found that some
inflows were placed incorrectly and the inflow locations for calibration and design
storm events differed.
For the Macintyre Brook Yelarbon to Inglewood catchment, the inflow point from the
upstream catchment is located relatively close to the gauge and could affect the
calibration of the hydraulic model.
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Figure 7-1: Application of Inflow to Hydraulic Model (yellow area)

7.3

Representation of Existing and Developed Case
The hydraulic models have been set up based on a variety of grid sizes ranging from
5 m to 20 m. The model resolution is considered to be acceptable relative to the
extent of each model.
The models incorporate available LiDAR supplemented by LiDAR flown specifically
for the project. Further details of the topographic datasets used in each model is
detailed in the individual review appendices.
Roughness coefficients applied with the hydraulic models are based on current aerial
imagery. The adopted Manning’s ‘n’ values are considered to be within typical ranges
for each land use/vegetation type and density. However, no change to roughness
was made to represent the developed case. Although this is unlikely to significantly
change the results, it should be adjusted in future project stages, particularly those
lengths where the alignment is in the direction of flow rather than perpendicular to it.
The rail embankment has been approximately modelled using horizontal crest lines
with regular elevation points specified at 10 m intervals. Furthermore, several of the
models have additional fill layers below the crest to represent the shape of the
proposed rail embankment. This is an acceptable approach.
The appendices to this report detail a number of model-specific issues relating to the
representation of the existing and developed cases.
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7.4

Representation of Key Structures
Culverts have been represented within the hydraulic model as 1D network elements.
Standard Entry and Exit Losses of 0.5 and 1.0 respectively were applied to each
culvert. Standard height and width contraction coefficients were used for both box
and piped culverts. A 25% blockage factor was applied for proposed culverts with
none applied to existing culverts, as this is a conservative approach for flood impact
assessment.
However, it should be noted that in several of the hydraulic models, the connection
location for 1D network elements is not representative of structure lengths. For
example, in the Condamine River hydraulic model, a culvert may have a 1D length of
20 m but is connected to the 2D domain at the structures upstream and downstream
ends approximately 80 m apart. This may not cause significant changes to the model
results in large events such as the 1% AEP event, but may cause difference in more
frequent events.
An inconsistent approach has been used for the modelling of bridge structures, with
two different approaches to modelling being adopted, as discussed below.
For a number of catchments, bridge structures have generally been represented
using Layered Flow Constriction shapes, which is the approach recommended by
TUFLOW. This approach incorporates coefficients for form loss and blockage which
vary with height to represent bridge structures. Various coefficients are used to
account for the different bridge characteristics that are typically based on values
published within the Hydraulics of Bridge Waterways (Bradley, March 1978) or
subsequent local publications based on the same values such as Austroads Guide to
Bridge Technology Part 8: Hydraulic Design of Waterway Structures (Austroads,
2019). While nominal coefficient values can be applied based on these references,
they are at best estimates only and should be validated with historical flood event
records where available or an alternative method where not, such as comparison with
the results obtained using a 1D hydraulic model.
Apart from a number of bridges where a zero superstructure depth was modelled due
to the way that the superstructure was represented, most of the bridge loss
parameters adopted in the hydraulic models are considered to be within the
acceptable ranges recommended by the above publications. However, no detail has
been provided within the Technical Report to verify the coefficients adopted for each
bridge structure and where existing bridges were in place for historical events,
calibration to recorded flood levels would provide a more reliable estimate of loss
coefficients.
For the remainder of the catchments, bridges were included by providing an opening
of the required width in the embankment, with further modification to allow for the
earthworks associated with the abutments. Losses associated with piers or the bridge
superstructure were not added to the hydraulic models. For the proposed alignment,
as the embankment is typically above the 1% AEP or PMF flood level, the losses
associated with the superstructure are usually only of relevance with respect to
extreme events. However, this approach was also adopted for a number of existing
road bridges, and could result in the misrepresentation of losses at existing road
crossings.
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It is recommended that the effect of including losses for existing road crossings which
have been modelled without layered flow constrictions be quantified to determine
whether there is a significant change in levels or impacts. It is also recommended that
a consistent approach that does include the losses associated with piers and
superstructure be adopted for further design.
It should be noted that this level of verification of head loss across existing and
proposed structures is less detailed in the local catchment flood models where the
Panel is unable to access flood model inputs and outputs to review the hydraulic
characteristics.
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8

Joint Hydrology & Hydraulic Assessment
The following sections highlight the general approach undertaken and potential
issues associated with joint assessment undertaken for the B2G section. It should be
noted that detailed discussions for each hydraulic model are provided in Appendix B
through Appendix M for each of the twelve catchments considered in this report
(noting the review of the final thirteenth catchment (the Macintyre River) will be
published as a separate addendum to the draft report when revised flood modelling
and reporting is supplied to the Panel and has been reviewed; Appendix A contains a
discussion paper in relation to the status of the modelling of the Macintyre River that
is being undertaken).
Where parts of the joint assessment were assessed as appropriate and fit for
purpose, they are not mentioned in this main report.

8.1

Calibration and Validation
Based on available stream gauge information, flood model calibration was
undertaken for three catchments.
The Technical Report presents the results of the calibration of the hydrologic and
hydraulic models for these catchments. The Macintyre Brook Yelarbon to Inglewood
catchment was calibrated to the 1976 event, the Gowrie Creek catchment was
calibrated to the 2010 and 2011 events, and the Condamine River catchment was
calibrated to the 2010 and 2013 events. Validation flood modelling of the Condamine
River was completed for the 1991 event.
Initially the hydrologic models were calibrated to historical flood events at various
gauges. Runoff hydrographs derived from the hydrologic model were then input to the
hydraulic model and the calibration of the hydraulic model reviewed. This was
undertaken by the comparison of stage hydrographs and peak flood levels to those
recorded at stream gauges within the model.
In the case of the Macintyre Brook Yelarbon to Inglewood catchment, the calibration
did not consider a number of stream gauges and focusses on a single (albeit the
largest) historic event when three other large events could also have been used. For
the Condamine River, the flood model extent did not include significant gauges that
could have been used in the calibration process and the focus of the calibration was
on a single event (the 2010 flood). In some instances, the rise in water level
according to the Condamine flood model seemed unrealistically steep. Furthermore,
flow volume of the falling limb in one case was substantially larger than the observed
hydrograph and had a timing difference of approximately three days.
The calibration of the Gowrie Creek catchment could be affected by the reliability of
the rating curves at the two gauges considered in the assessment.
Specific comments on the calibration processes undertaken with respect to each
catchment are provided in the relevant appendices.

8.2

Use of Additional Available Information
Existing flood modelling was already available for the Macintyre Brook area including
Yelarbon to Inglewood, Cremascos Road and Bybera Road and the Condamine
River. However, no verification of levels has been undertaken between the flood
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models developed by ARTC and the existing flood models. This approach would add
confidence to the flood modelling, particularly where peak design flows are low
compared to calibration or verification methods.
As such, the Panel recommends that comparisons between hydraulic model results
from existing models in available areas be undertaken against ARTC flood modelling.
Further, recorded flood level data is potentially available for the 2013 event in the
Condamine River and Back Creek catchments. If the data is sufficiently reliable, a
comparison of calculated to recorded levels would assist in demonstrating that the
flood models are reliable.

8.3

Temporal Pattern and Critical Duration Selection
Temporal pattern selection, like rainfall data and ARF selection, requires an
assessment of peak flow rates, levels, velocities and affluxes based on appropriate
point(s) of interest to ensure a suitable pattern is selected. For all hydrologic models,
although the documentation generally reports either the median or rank 6 (R6)
temporal pattern (the temporal pattern producing a flow closest to but greater than
the median) for the critical duration (for peak flow rate) storm was selected at the
gauge and ‘alignment crossings’, limited further details are provided. The
documentation should outline the selected location(s) for temporal pattern selection.
The Panel understands that for alignments with multiple points of interest it is
impractical to assess temporal pattern selection at each location. However, sensitivity
testing against select points of interest not used in the temporal pattern selection
should be documented showing minimal change in results in order to justify the
approach adopted.
Based on the supplied information, it would appear that the critical duration
assessment was for the largest mean flows in the hydrologic model, not necessarily
the highest levels, velocities and affluxes in the hydraulic model.
Notwithstanding that the critical duration was only assessed for flow rate and not
level, the duration/temporal pattern combination that was found to be critical in the
hydraulic models is not reported, even to say if it is the same as the critical storm
combination from the hydrological models.
Furthermore and importantly, mapping in the Technical Report for the full suite of
figures6 for each flood model does not say whether it is for one particular storm
duration/temporal pattern combination or for the envelope of all durations assessed.
It is noted that the TMR Hydrologic and Hydraulic Modelling Guidelines, which was
released after the hydrologic and hydraulic modelling commenced for this design
stage, provides guidance on temporal pattern selection. This guideline should be
followed in the next design stage.

6

Existing Case inundation extent, Developed Case afflux, Developed Case velocity, Developed Case
difference in velocity, Developed Case difference in time of submergence
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9

Local Catchments

9.1

Overview
The catchments crossing the proposed rail alignment were categorised by
contributing catchment area. This was used to determine the hydrologic method used
for the design of the corresponding drainage structures and the subsequent hydraulic
method to determine levels and velocities through the structure and further hydraulic
method to assess flood impact. Table 9-1 shows the drainage catchment
classification criteria and the number of catchments relating to each classification. It
should be noted that the 4 major catchments incorporate more than one crossing of
the alignment (refer the individual appendices for further detail).
All of the local catchments for which flood modelling was undertaken in support of the
FDR were in the minor classification (i.e. less than 10 km2 in size). Detailed flood
modelling was completed with respect to all moderate and major catchments, with the
results of modelling presented in the draft EIS. These flood models were reviewed by
the Panel. The appendices to this report detail the findings of the review for each of
these catchments.

Table 9-1: Drainage Catchment Classification (Table 67 from FDR)

9.2

Inclusion of Local Catchment Results and Impacts in
Draft EIS
The originally supplied draft EIS excluded the results obtained from the consideration
of local catchments. While a number of catchments are relatively small in area
compared to the main catchments (and all local catchments in the case of B2G are
less than 10 km2 in size), the Panel is concerned regarding the exclusion of the larger
of the local catchments (the largest local catchment is about 8 km2 in area) and the
consequent potential for some landowners to not be aware that their land is
impacted.
At meetings with the authors of the draft EIS, the Panel was advised that consultation
has occurred with all affected landowners in order that they are aware of impacts
associated with local catchment drainage works. To further ensure that impacts are
appropriately defined, a revised version of the Appendix Q1 of the draft EIS contains
a tabulation (Appendix E) of impacts (level and time of submergence) to give visibility
to all impacts and not just those associated with the main catchments considered for
the draft EIS.
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9.3

Design Methodology
The 1% and 0.05% AEP catchment flows for the minor catchments were generated in
accordance with the 2016 version of Australian Rainfall and Runoff using ILSAX
within the 12d7 Drainage Network Editor. Initial sizing of minor catchment drainage
structures was undertaken using the 12d Dynamic Culvert. Subsequent TUFLOW
hydraulic modelling was used to determine flood level impacts (Section 8.3.2 of the
FDR). 12d Drainage, 12d Dynamic Culvert and TUFLOW are generally considered to
be suitable tools for local drainage analysis.

9.4

Focal Points for Minor Catchments
The FDR indicates eight design rainfall locations for all minor catchments across the
200 km length of the B2G section (Table 68 of the FDR).
These locations were used to derive rainfall intensity data, temporal patterns and
aerial reduction factors. Instead of adopting the rainfall losses nominated by the ARR
Data Hub at these locations, recourse was made to the loss values adopted for a
number of the major catchments considered for the draft EIS.
The catchments referred to include Macintyre Brook at Inglewood, with the nominated
loss values reflecting the values derived from the Inglewood Flood Study
(Engeny,2015). For the hydrologic modelling completed in support of the draft EIS,
these loss values were initially adopted and then lowered to reconcile the flows
derived from the URBS hydrologic model of the catchment to an area-scaled flood
frequency analysis. The use of the lower loss values adopted for the draft EIS would
slightly to moderately increase the calculated discharge at each local catchment
drainage structure. It is recommended that the rainfall loss values adopted for the
draft EIS be considered in the detailed design of local drainage structures.
While the use of loss rates derived from local catchments is not unreasonable, given
the potential for the loss rates derived for a large catchment to not necessarily be
applicable to a relatively small catchment, it is recommended that the values
nominated via the ARR Data Hub be considered in addition to those obtained for
larger catchments.
It is further recommended that further checks be completed (using the Rational
Method or other approach) to confirm that the quantum of the calculated flow is
reasonable.

9.5

Roughness for Minor Catchment Models
Australian Land Use and Management values were used to spatially vary Manning’s
‘n’ in the ILSAX and TUFLOW flood models for minor catchments (Section 8.2.3.1 of
the FDR). The FDR does not refer to where land use delineation comes from to
support the variation, although it is assumed to be confirmed using available aerial
imagery.

7

12d Model is a civil design package by 12d Solutions Pty Ltd.
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9.6

Cross-Drainage

9.6.1

Culverts
Although the FDR deals with catchments that are classified as minor (refer Section
9.2), the drainage requirements for a number of the larger minor catchments are
significant. While the FDR provides initial information regarding the drainage required
with respect to local catchments, additional detailed hydraulic modelling will be
required as part of further design to ensure an appropriate design outcome is
achieved.
For example, based on the data presented in Appendix D3 of the FDR, at Ch
84.38 km, 35/ 2.4 m x 2.1 m box culverts (providing a total culvert flow area of
158 m2) are proposed to drain a catchment area of approximately 5 km2. For the
peak 1% AEP event flow through the culverts of 85.5 m3/s nominated in the FDR, the
average velocity of flow is of the order of 0.6 m/s. While the expected head loss
through the culvert is of the order of 50 mm, a change in flood level of 400 mm is
nominated at the edge of the railway corridor. This suggests that water is being
stored upstream of the culvert to a greater extent than would be expected and that
the adopted configuration of the culverts and associated embankment are affecting
the existing flow path. Although Map 18 of Appendix D5 of the FDR indicates that the
afflux does not affect the sensitive receptor upstream of the corridor (receptor 460),
the receptor is located in relatively close proximity to the area affected by flood level
impacts.
At Ch 48.41 km, 21/ 2.4 m diameter pipes (total waterway area of 95 m2) are
proposed to drain an 8 km2 catchment. For the reported peak 1% AEP event flow
through the culvert of 91.5 m3/s, the average velocity of flow is 1 m/s. While it is often
necessary to accept low design velocities such as this in floodplain areas, the
calculated increase in level upstream of the culvert nominated in the FDR is 0.3 m.
Again, this value is in excess of that expected for the nominated culvert size and
design flow.
In both of these examples, as part of further design, it will be necessary to consider
the flooding conditions specific to each crossing to confirm the impact of the
embankment and derive an optimised drainage solution.

9.6.2

Bridges
The local catchment drainage works nominated in the FDR include a number of
bridges that are not nominated for the drainage of regional-scale flow in the Technical
Report:
•

Ch 115.53 km: 94 m long bridge with associated catchment area of 62 ha;

•

Ch 161.26 km: 90 m long bridge with associated catchment area of 47 ha;

•

Ch 170.945 km: 141 m long bridge with associated catchment area of 39 ha;

•

Ch 172.44 km: 95 m long bridge with associated catchment area of 49 ha;
and

•

Ch 183.63 km: 89 m long bridge with associated catchment area of 525 ha.
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In many if not all cases, it is expected that the selection of a bridge rather than a pipe
or box culvert is due to other factors such as the need to accommodate a road
crossing of the alignment.
However, given the length of the bridges nominated, it will be necessary to consider
hydraulic requirements for each bridge in detail as part of further design.

9.7

Local Drainage Impacts
The flood level impact calculated at each culvert group is tabled in Table 3 Hydraulic
Details of Appendix D3 of the FDR.
Although the mapping provided in Appendix D5 of the FDR indicates that the
maximum increase in level will be greater than the nominated values, the increase
occurs within the railway corridor; the quoted values reflect the increase at the rail
corridor boundary and therefore the increase that land owners will experience.
Table 76 of the FDR presents a summary of the afflux at sensitive receptors for the
1% AEP event. While the afflux at most sensitive receptor locations is considered to
be reasonable, the table notes an increase in level in excess of 10 mm at a number
of roads.
For example, an increase in level of 70 mm is nominated with respect to the Gore
Highway (receptor 412) and 80 mm for Saal Road (receptor 413). For State
controlled roads in particular, the normal requirement is to achieve no increase in
flood level. If an increase in level is proposed, it requires careful justification in terms
of the flood hazard on the road and the change in hazard and period of inundation of
the road.
It is recommended that, as part of further design, options to remove the increase in
level at roads be adopted or that detailed justification be provided in the event of an
increase in level being proposed and determined to be impracticable to remove.
At multiple locations, the calculated flood level impact is in excess of the nominal
200 mm limit and approaches the 400 mm localised area limit nominated as the flood
impact objective with respect to agricultural and grazing land in Table 74 of the FDR.
As the modelled flood waters do not appear to impact sensitive receptors and only
affect relatively localised areas, the impacts in terms of level and period of inundation
could be considered to be both minimal and acceptable within agricultural/ grazing
areas. The Panel agrees with the statement in Section 8.3.9 of the FDR that
‘acceptable impacts will ultimately be determined on a case by case basis with
interaction with stakeholders/ landholders through the community engagement
process using these objectives as guidance’. Provided affected stakeholders/
landholders are appropriately consulted and ultimately accept the nominated
increases in level (and any other associated changes in conditions), then an
appropriate outcome will be achieved.
Similarly, the flow velocity/shear stress associated with the discharge from the
culverts should be manageable during detailed design by the provision of suitable
scour protection measures. Noting the types of soil present within the railway corridor
(refer to Section 10), particular attention will need to be paid to scour protection
during detailed design and it may prove necessary to adopt allowable velocity limits
lower than those nominated in Table 73 of the FDR depending on the actual
conditions present at a particular crossing location.
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Finally, the impacts associated with multiple crossings are not nominated due to the
crossing being included in the relevant regional flood model and its associated
reporting. While it is expected that floodplain flow associated with a major event in a
regional catchment will produce a flow and impacts well above those associated with
the local catchment draining to a particular culvert and that some culverts will only
provide a relief drainage function for regional flooding, the regional models include
many relatively small drainage structures. As part of detailed design, it will be
necessary to confirm that the local catchment draining to each culvert does not
produce a higher flow and therefore greater impact than that calculated for the
regional case.

9.8

Flow diversion
The FDR states that diversions are required where a rail cutting, or embankment
intersects an existing drainage path. Diversions are included at these locations to
redirect flow, ultimately returning flow to an existing flow path.
Two diversions are proposed, as summarised in Table 9-2. In addition, an
undocumented diversion is located in the Macintrye Brook Cremascos Road
hydraulic model.

Table 9-2: Diversion Drain Details (from Table 4 of Appendix D4 of the FDR)

9.8.1

Diversion Drains 315DD01 and 315DD03
Trapezoidal channels 315DD01 and 315DD03 are intended to divert runoff from Ch
121.92 km where the alignment is in cut, returning flow to the original flow path at Ch
120.77 km.
Although nominally within the Back Creek catchment, the diversion is located in the
upper reaches of the catchment away from the main flow path and associated
drainage structures.
Although no detailed flood modelling for the diversion is presented in the FDR, based
on the preliminary calculations completed with respect to the diversion and subject to
detailed design, the adopted channel dimensions are considered to be reasonable.

9.8.2

Diversion Drain 317DD01
Trapezoidal channel 317DD01 diverts flow from Ch 190.66 km to Ch 190.81 km. The
150 m diversion is required at this location as the embankment is located over a flow
path.
Although within the Westbrook Creek catchment, the diversion is located in the upper
reaches of the catchment away from the main flow path and associated drainage
structures.
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It is uncertain whether the diversion drain is included in the local flood model
developed for the local catchment culvert at Ch 190.81 km (the downstream end of
the diversion). A sensitive receptor is located in the area immediately downstream of
the embankment at the crossing. The flood mapping for the local catchment (Map 43
in Appendix D5 of the FDR) suggests that the receptor will not be adversely affected
by the railway embankment and cross drainage proposed at Ch 190.81 km.
Subject to detailed design, based on the preliminary calculations completed with
respect to the diversion, the adopted channel dimensions are considered to be
reasonable.
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10

Waterway Processes (Geomorphology,
Active Sediment Transport, Diversion)
Provision of railway infrastructure across floodplains and waterways needs to
consider and make appropriate allowances for ongoing waterway/geomorphic
processes that:
•

are already occurring along the proposed alignment, and

•

may be impacted by the proposed infrastructure.

As discussed in A Guide to Bridge Technology (Austroads, 2019) frequently,
environmentalists and hydraulic engineers consider a river to be static, i.e.
unchanging in shape, dimensions and pattern. However, an alluvial river continually
changes its position and shape as a consequence of hydraulic forces acting on its
bed and banks. These changes may be slow or rapid and may result from natural
environmental changes or from changes by man's activities.
Consideration of fluvial geomorphic processes within, upstream and downstream of a
waterway crossing prior to design is rapidly becoming best practice within the
industry (Queensland Department of Transport and Main Roads, 2019). A
geomorphic assessment of the channel and floodplain characteristics particularly
when combined with hydraulic modelling results of the existing case allow for an
appreciation of the natural dynamism of fluvial environments and prevent catastrophic
damage to rail, waterways crossings and infrastructure.
The provision of railway infrastructure generally involves some degree of
encroachment on river crossings and floodplains along the alignment. Such works
have the potential to divert and concentrate flow, raising velocities and altering
already active geomorphic processes of scour and deposition already occurring along
the alignment.
Understanding of the current geomorphic processes operating with in a waterway,
and thus identification of the waterway’s trajectory for change at the site is an
important component of assessing the potential impacts of the construction of
embankments and culvert/bridge crossings. Such considerations generally involve
the creek/soil conditions and effects of the modified hydraulic conditions imposed by
the proposed, existing, or upgraded crossing.
This assessment identifies the risk of any future movement of the channel to a
structure’s integrity, and/or measures to mitigate this risk (e.g. creek/channel
protection measures), including the likely ongoing maintenance associated with scour
and changes to channel geometry and planform.
It is widely recognised that a geomorphic assessment of proposed crossing locations
can provide valuable information for crossing design and placement. Conducting a
geomorphic assessment of a waterway crossing (location and preliminary design
options) prior to a detailed design phase gives a greater understanding of the
limitations and potential risks associated with a particular crossing. This gives better
control when detailing design and construction specifications, and ultimately reduces
risk and cost.
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In this case, black vertosol soils are prevalent within the study area (sometimes
referred to as black earths or cracking clays). In general, these soils can extend to
between 1 and 4 m deep and have very little resistance to erosion through flowing
water or immersion. These soils are readily observed in the bank profile along many
waterways in this area.
Vertosol soils must be considered in detail through any design process for the
following reasons:
•

These sediments, combined with the concentration of flow in the channel,
have led to significant incision in this area.

•

Exposed vertosol bank sediments, especially but not only when combined
with incision are a significant problem in this area and lead to bank collapse
and channel widening.

•

Concentrated overland flow has led to many large floodplain gullies in the
area such as those on Dry Creek. As with the bank collapse and channel
widening, this is an escalated problem in this area due to the easily erodible
nature of the vertosol bank sediments.

•

Hard structures such as concrete or rock are known to be problematic with
respect to erosion in these soils.

Given these conditions, particular attention will need to be paid to the specification of
appropriate scour protection throughout the length of the B2G alignment during
detailed design. This is further discussed in Appendix N.
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Implications/Constraints for Future Stages
At this stage, it is expected that of the five Inland Rail sections in Queensland, two
are to be delivered using a Design and Construct (D&C) contract method, B2G and
K2ARB, and three to be delivered as a combined Public Private Partnership (PPP).
In 2017, the Australian Government confirmed the combined Gowrie to Kagaru
section of Inland Rail in Queensland will be designed, built, managed and paid for by
a PPP.
Although it is appreciated that the drainage structures and embankment levels
presented in the draft EIS and the FDR are subject to detailed design and adjustment
to satisfy conditions of approval, for either method of delivery it is important that
drainage and embankment requirements are reasonably well defined prior to detailed
design commencing, as a ‘reference’ for that design team.
In this case, the review recommends the adoption of significantly higher design flow
rates with respect to a number of catchments. In detailed design, while the
embankment level would appear to be well above flood level and unlikely to be
affected by the increase in level associated with higher flows, the adoption of higher
flows could necessitate larger drainage structures (bridges and culverts) to provide
impacts similar to those nominated in the draft EIS and Technical Report.
Alternatively, even in the event of sensitive receptors not being affected by changed
flow conditions, additional negotiations would be required with landowners to gain
agreement to greater impacts than discussed in relation to the draft EIS. Whether
affected landowners will agree to impacts over and above those documented in the
Final EIS is uncertain.
In either situation, additional scour protection works could also be required to protect
against the higher velocities associated with higher flows.
There is a concern that it will be difficult in practice to adopt larger drainage structures
or complete additional drainage works due to the inherent difficulty associated with
adopting larger (and more costly) structures following a design and construct contract
being awarded based on the structures nominated in the feasibility/reference design.
If a design and construct contract is in place, it is considered that there will be a
desire to retain the structures nominated in the draft EIS and Technical Report in
order to limit project costs. This has the potential to result in the need to accept
increased impacts and for significant additional maintenance to be required. Further,
it is beneficial to have the base case flood models developed to a sufficient point prior
to commencing a tender design process to avoid the risk of each tenderer completing
designs based on varying assumptions with regards to flood modelling.
Given this, it is recommended that the key areas of concern identified in the review,
particularly in relation to design flow rates, be addressed and drainage structures
revised as appropriate to minimise the potential for issues to arise in the detailed
design phase.
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Community Concerns

12.1

Submissions to the Panel
The Panel received a submission from one member of the public, related to
Westbrook and Dry Creeks catchments. Further details of the submission are
discussed in Appendix L.
Discussions were held with Dr Sharmil Markar of WRM Water and Environment in
relation to his review for community members of early documentation related to
Condamine River and Back Creek flood modelling. This is discussed in Appendix K.
Discussions were held with Dr John MacIntosh of Water Solutions in relation to his
review for the Southern Darling Downs Community Consultative Committee of early
documentation related to Condamine River and Back Creek flood modelling. This is
discussed in Appendix K.
Discussions were also held with Goondiwindi Regional Council (GRC) and
Toowoomba Regional Council (TRC) to detail issues of relevance to each Council.

12.2

Submissions on the draft EIS
The draft EIS Public Exhibition Period has not closed at the date of this report.
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Conclusions/Recommendations

13.1

Overview
ARTC has undertaken a substantial amount of work in order to identify existing
flooding characteristics and to assess and mitigate potential impacts associated with
the project alignment. This work is, for the most part, in accordance with
both national guidelines and current industry best practice. However, through the
Panel’s thorough review process, issues have been identified.
Significant infrastructure projects, like Inland Rail, are accomplished through an
iterative process. As such, it is normal practice for iterative improvements and
changes to occur through the various project stages. Therefore, it is normal for issues
to be identified throughout the project, with the Panel advising that some be
addressed within the EIS phase and others addressed in future project stages. All of
the identified issues are capable of resolution, either by adjustments to the flood
models developed to date, or by modification to the design.
The key issues found by the Panel are summarised below.

13.1.1

Lack of Detail in Report
The Panel appreciates that ARTC has undertaken significant work and it is difficult to
provide an all-inclusive document which captures all the work undertaken. However,
the Technical Report is not sufficiently comprehensive to meet the Panel’s ToR.
Additional details are required in relation to the calibration of the flood models (for
example agreement to recorded levels), the use of flood frequency analyses
completed with respect to other catchments, and the modelling of design events (for
example critical duration analysis).

13.1.2

Lack of Verification to Previous Design Stages
A number of reports were prepared in relation to the B2G section of the alignment.
However, it is uncertain whether a comparison was undertaken between the results
obtained from the previous reports and the flood modelling undertaken for the draft
EIS.
For example, the Technical Report and Chapter 12 do not reference the ARTC Inland
Rail prior stage report, namely the Border to Gowrie Hydrology Report. As a
minimum, the results obtained for this EIS proposed alignment cross-drainage and
afflux should be compared with the prior reports for verification.

13.1.3

Lack of Justification for Level Increases in the Design Process
The Technical Report notes multiple instances of increases in level occurring that are
well in excess of the acceptable limits nominated as flood impact objectives. Very
limited justification is provided in relation to the impact. Based on meetings with
FFJV, it is understood that a number of options were considered for each waterway
opening.
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While it is appreciated that documenting the full range of options considered for a
particular waterway opening is not practicable in many cases, the Panel believes that
further information should be provided to them to justify why a particular increase is
considered to be acceptable and the range of options considered to minimise
impacts.
Without this, it will be difficult for both the Panel and the Coordinator General to
assess whether the increase is acceptable given the nature of the increase and for
the Coordinator General to impose conditions.
The Panel would like to see more details on the iterative process (the journey) that
was applied to derive the set of proposed waterway openings. This process is always
a trade-off between required investments and impacts on sensitive receptors. The
reports received by the Panel only show results and impacts for the “end solution”.
On 25th November 2020, the FFJV through ARTC Design Managers, agreed to
provide the Panel with a Technical Memo justifying level increases outside the
disturbance footprint for the B2G section. The memo was not yet available to the
Panel at the time of writing and will be considered subject to its availability as part of
preparing the final report.

13.1.4

Local and Regional Flood Modelling
The FDR is clear that there are two distinct hydraulic model types (and hence
treatments) delineated on catchment area:
•

regional floodplain flood models; and

•

local flood models for local catchment types or local drainage catchment
classification.

The Technical Report/draft EIS is not as clear. It variously refers to:
•

hydraulic sub-models

•

regional catchments and regional flooding

•

major waterways and associated major waterway models, major waterway
catchments, major drainage structures and major waterway crossings,

•

minor/moderate catchments

•

local catchment flooding and local catchment drainage outside the regional
floodplain extents.

The flood modelling presented in the Technical Report/draft EIS reflects the regional
flood modelling that has been undertaken. In addition to this regional flood modelling,
flood modelling of local catchments has also been completed. However, the details of
methodology for the local catchments are not included in the Technical Report/ draft
EIS. While it is agreed that many small catchments are too small to warrant inclusion
in a draft EIS (and any impacts are very localised), in this case many of the local
flood models cover relatively large areas and could potentially be included.
The Panel was concerned that an impact determined in a local catchment was not
presented in the draft EIS chapter/appendix on hydrology and flooding and that
therefore the potential exists for an impacted landowner to not be aware that the
Inland Rail will result in a flood impact on their land.
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At meetings with the personnel responsible for the flood modelling presented in the
draft EIS, the Panel was advised that consultation has occurred with all affected
landowners and that therefore all impacted landowners will be aware of a predicted
impact in level on their properties. The Panel was advised that the consultation was
discussed in other parts of the draft EIS and an undertaking was given to provide the
relevant sections of the draft EIS (now provided).
Although the consultation process is a positive means for appropriately dealing with
identified impacts, the Panel remains concerned about the exclusion of results for
large local catchments from the presented results and the consequent potential for
some landowners to not be aware that their land is impacted.
Following the Panel’s relaying of those concerns, impacts (level and time of
submergence), albeit without inflow, has been tabulated in the draft EIS.

13.1.5

Adoption of Flood Models for Final Design
The Panel is concerned that the local and regional flood models developed to date
will be adopted for further design and that there will be a resistance to changing the
models and potentially adopt larger waterway crossings to fully reflect the comments
of the Panel. The adoption of larger structures could be difficult depending on the
arrangement for the delivery of the project.
Although the Panel was assured that the flood models would need to be revised to
reflect any conditions of approval issued by the Coordinator General, based on its
experience in the delivery of infrastructure projects the Panel would prefer that
additional flood modelling be completed as part of the draft EIS approval process in
order that a clear direction and a viable reference design is provided for the detailed
design phase.

13.1.6

Estimation of Flows
Whilst the uncertainty associated with the calculation of flow in floodplains is noted,
the Panel considers that the modelled flows are too low for a number of catchments
(Nicol Creek, Back Creek, Pariagara Creek and Cattle Creek), resulting in the
underestimation of impacts and the potential undersizing of waterway openings or
underestimation of impacts.
For the Condamine River, the review has identified the potential concern that the
flood frequency analysis completed by the Panel suggests that a flow bias may exist
between the North Condamine and Condamine Rivers, potentially affecting the sizing
of waterway openings on the two rivers.
For other catchments, changes to flood model calibration could affect design flows
and the sizing of waterway openings.
The Panel considers that it is important to adopt flows that reasonably approximate
the flow for each event being considered. This ensures the appropriate selection of
drainage works and allows agreements to be reached with stakeholders/ landowners
in relation to impacts.

13.1.7

Flood model Setup Issues
A number of model setup issues have been identified for each regional flood model.
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While a number of issues are minor and can be resolved as part of further design, for
other issues, without additional sensitivity modelling it is uncertain whether the issues
will make a material difference to the results achieved to date (and therefore whether
changes to the flood model need to be completed as part of the draft EIS finalisation
or can be included as a condition of approval).
One example in this regard is the calculation of critical storm durations for each
catchment. The alignment includes a number of crossings for which the contributing
catchment area is less than that of the overall catchment. The storm duration
resulting in peak conditions at the main crossing may not produce peak conditions
throughout the length of the alignment. Similarly, the focal point adopted for the
calculation of design rainfalls and aerial reduction factors may not be relevant to all
drainage structures in a particular catchment.

13.2

Method for Tabulation of Individual Issues
The review identified a number of areas where additional work is required, either as
part of further design or to allow the draft EIS to be revised. The items identified in the
review are summarised in tables at the end of Appendices B to M.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
Low Importance
Additional work is required that will not significantly affect the findings of the draft
EIS. The work can be completed as part of further design (prior to the use of
flood models for detailed design) and the requirement to complete the work can
be included as a condition of approval.
Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and flood models. Depending on the response to the issue, the issue can
be addressed via conditions of approval if required (i.e. it is deemed to be of low
importance) and prior to the use of models for detailed design or via sensitivity
testing (i.e. it is deemed to be of high importance as a result of the response).
High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland Rail related flood impacts and for documentation and
flood modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.
Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.
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Figure 13-1 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to the tables at the end of Appendices B to M to allow
the relative importance of each issue to be readily identified.

Figure 13-1: Flow Chart for Resolution of Identified Issues
In order to ensure that the issues relevant to each catchment are clearly defined, a
separate list of issues has been prepared with respect to each catchment. While this
approach was adopted to facilitate the resolution of issues and ensure that all of the
issues relevant to the flood modelling of each catchment are considered, it does
result in the nomination of issues that are common to a number of catchments. This
commonality can give rise to the perception that the number of identified issues is
greater than is actually the case.
For the B2G section, the total number of issues is also affected by the fact that the
review considers twelve (and ultimately thirteen) catchments. The number of
identified issues can consequently be greater than the number of issues identified for
a section that has fewer catchments. For example, the C2K section comprises four
catchments, with the average number of issues identified per catchment with respect
to the C2K section being similar to the average number of issues identified per
catchment for the B2G section.
As noted above, the identified issues were categorised in terms of their importance.
Minor issues identified as being of low importance were nominated to ensure that
appropriate action is undertaken by conditioning and/or additional flood modelling as
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part of detailed design. The minor issues comprise about 30 percent of the identified
issues.
Issues identified as being of medium importance could potentially be resolved subject
to the provision of additional information. Over half (60%) of the identified issues are
either low or medium importance.
About a third of the issues identified were classified as being of high importance.
Depending on the outcome of recommended sensitivity modelling for issues of high
importance, a number of the issues could potentially be resolved by either no action
or appropriate conditioning of the approval.
The remainder of issues (less than 10%) were considered to be of very high
importance. The majority of the very high importance issues are common across a
number of catchments and relate to the level of detail provided in the draft EIS
reports (of relevance to the Panel due to its ToR) and the justification for proposed
flood impacts.
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1

Macintyre River Models Not Reviewed
This Appendix A relates to review of those parts of Australian Rail Track
Corporation’s (ARTC) Macintyre River models prepared for the North Star to Border
(NS2B) section of Inland Rail that are north of the NSW/Queensland Border in the
Border to Gowrie (B2G) section.
In May 2020, ARTC submitted the project’s draft Environmental Impact Statement
(EIS) to the NSW Department of Planning, Industry and Environment (DPIE) for initial
review.
In June 2020, ARTC provided this Panel with the relevant EIS chapter and Technical
Report submitted to DPIE in conjunction with the hydrologic and hydraulic models
that support the draft EIS.
The initial DPIE review was an important step to ensure ARTC adequately met the
Secretary’s Environmental Assessment Requirements, (SEARs). The draft EIS was
formally lodged with DPIE in August 2020 and was released for public exhibition on
26 August 2020 for 42 days. During this time, community members and other
stakeholders were able to provide feedback and make formal submissions to DPIE.
The formally lodged draft EIS, the Submissions, response to Submissions and the
DPIE request for a Preferred Infrastructure Report (PIR) is available currently on the
NSW Planning Portal at https://www.planningportal.nsw.gov.au/majorprojects/project/10221.
The DPIE request for a PIR, dated 10 December 2020, specifically states that the
PIR should:
a) “reassesses the hydrology and flooding impacts of the project, as
presented in the EIS, using the greater of, the large design flood as
defined in the Border Rivers Valley Floodplain Management Plan (1976
flood event), or the 1% AEP flood;
b) reconsiders the proposed mitigation measures to address impacts
identified in a);
c) assesses the impacts in a) against the Quantitative Design Limits (QDLs)
specified in the Narrabri to North Star Infrastructure Approval, unless
otherwise agreed to by the Department;
d) includes a framework outlining the process for determining appropriate
mitigation, where the QDLs can’t be met, in consultation with the affected
landowners.
The Department notes that ARTC has proposed to complete a Joint Probability
Analysis, to reconsider the original modelling and define new AEPs. This
approach is considered unlikely to resolve the inconsistency and uncertainty
surrounding the use of an AEP event that is different to the large design flood in
the BRVFMP. While ARTC may undertake this task to refine its infrastructure
design, it is not a requirement of the PIR and will not affect the Department’s
requirement that impacts are assessed and mitigated against the BRVFMP’s
large design flood.”
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Subsequent discussion by the Panel with ARTC and its EIS consultant, Future
Freight Joint Venture (FFJV), revealed that FFJV updated the hydrological modelling
to be Australian Rainfall and Runoff (ARR19) compliant, the modelling originally
supplied by DPIE not being compliant. FFJV noted:
“The update was prompted as a result of discussions with Goondiwindi Regional
Council and their Submission to the EIS. This update provides better definition of
rainfall and flows in the area but didn't make any major difference to the over
model outputs. This was not a requirement of the SEARs.”
FFJV intend to re-run the model using the 1976 historical flood as the design event
for the PIE. FFJV noted:
“This update allows DPIE to compare our project to conditions within the Border
River Valley Floodplain Management Plan (BRVFMP) which uses the 1976 event
as the design event. This was not a requirement of the SEARS.”
They also advised that the hydraulic model engine would be altered to take
advantage of faster simulation times of TUFLOW HPC (Heavily Parallelised
Compute).
It is ARTC’s intention to supply the Panel with the relevant revised EIS chapter and
Technical Report submitted to DPIE in conjunction with the revised hydrologic and
hydraulic models that support the PIR.
To that end, this Draft Report on Review of Border to Gowrie Section, does not
review the originally provided models and reports for Macintyre River catchment
within Queensland as it pertains to B2G.
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Macintyre Brook – Yelarbon to Inglewood completed by the Future Freight Joint
Venture (FFJV) in support of the draft Environmental Impact Statement (EIS) and
Feasibility Design Report (FDR) for the Border to Gowrie (B2G) section of the Inland
Rail Project.
A summary of the issues identified in the review is provided in Section 6.3. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report (herein referred to as the
Technical Report). These models were included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the Macintyre Brook catchment extent down to Inglewood1 against
the Inland Rail alignment and some of the rainfall and stream gauges in the vicinity.
The catchment extends another 40 km downstream, where it joins the Dumaresq
River near Yelarbon. The waterway subsequently becomes the Macintyre River 17
km downstream of the junction with Kippenbung Creek.
The corresponding hydraulic model covers Macintyre Brook and the proposed rail
alignment between Inglewood and Yelarbon (B2G Ch 14.75 km to Ch 75.00 km)2.

1

The three contributing hydrologic models extend far downstream of Inglewood and the full extents of
those models are not shown in Figure 1.

2

Kippenbung Creek and Brigalow Creek are partially within the hydraulic model extent, but they are
primarily modelled by the Macintyre River models.
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The hydraulic model extent is entirely within the Goondiwindi Regional Council local
government area.

2 | March 17, 2021

Appendix B: Macintyre Brook - Yelarbon to Inglewood Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Figure 1: Macintyre Brook Catchment Extent (to Inglewood Only) (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:
•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Furthermore, changes in flow patterns that do not significantly alter peak flood levels
for larger flood events can have adverse effects. Consequently, it is necessary to
ensure that any adjustments to flow patterns for low flow events or frequent events is
carefully investigated. Given this, the adoption of the 20% AEP event as the smallest
modelled event could be of concern in cases where adjustments to flow patterns are
proposed.
Finally, in general, not including local catchments within the regional model has the
potential to be of concern. Refer to Section 5 for discussion of local catchments
within the Yelarbon to Inglewood extent.
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1.3.2

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners. It is assumed that this consultation included a
discussion of site-specific impacts for minor and major flood events with reference to
the flood impact objectives.

1.4

Previous Studies
The Hydrology and Flooding Technical Report (Future Freight Joint Venture, July
2020) listed (in Section 16.1.1) four relevant previous studies that were coincident
with the Macintyre Brook – Yelarbon to Inglewood study area:
•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Flood Hazard Mapping – Yelarbon (Bundle 8) (SKM, 2013)

•

Draft Floodplain Management Plan for the Borders River Valley Floodplain
(Department of Planning, Industry and Environment, 2018)

•

Inland Rail North Star to NSW/QLD Border, Appendix H – Hydrology and
Flooding Technical Report. (Future Freight Joint Venture, May 2020)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event.
The Yelarbon Flood Hazard Mapping study (SKM, 2013) was calibrated to the 1956
event and modelled local catchment events within the township of Yelarbon.
The Floodplain Management Plan for the Border River Valley Floodplain (Department
of Planning, Industry and Environment, 2018) is described in the Hydrology and
Flooding Technical Report – Volume I as “being finalised”. The models were
calibrated to the 1976 and 1996 flood events, with “the 1996 model [being] weighted
higher for calibration than the 1976 flood” because of “floodplain changes since
1976”. The draft results provided in the report showed that the calibration results
were fair, with calibration results showing differences in excess of 300mm at some
gauges, but within 200 mm at most of the gauges. The hydraulic model was located
at the downstream extent of the Yelarbon to Inglewood study area that is under
consideration. The hydrologic model covered the Macintyre Brook and Weir River
catchments and were copied from the 1998 study by Lawson and Treloar (Lawson
and Treloar, 1998).
The North Star to Border Phase 2 study based the hydrologic and hydraulic models
on those used for the Floodplain Management Plan for the Border River Valley
Floodplain. The 2011 flood event was added to the calibration events to validate the
existing models. A good match to calibration data was achieved. This model also
developed design event hydrology using Australian Rainfall and Runoff 2016
(ARR16), whilst the other studies listed above used ARR87 hydrology. A flood
frequency analysis was performed in that study at the Inglewood gauge (presumably
DNRM gauge 416402).
ARTC had also completed two previous studies in this area:
•

North Star to NSW/QLD Border | Hydrologic and Hydraulic Modelling Illabo to
Stockingbingal and North Star to Yelarbon (SMEC, 2016)

•

Inland Rail – Yelarbon to Gowrie, Corridor Options Report (AECOM, 2017)
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Goondiwindi Regional Council commissioned WRM Water & Environment to review
the flood modelling that was undertaken for the Macintyre River for the North Star to
Border package of Inland Rail. The review was made available to the Panel and it
was considered by the Panel when it undertook its review.

1.5

Scope of the Review
This review assessed only the regional flooding models of the Macintyre Brook
between B2G Ch 14.75 km and Ch 75.00 km. Specifically, the Yelarbon to Inglewood
URBS models and the Yelarbon to Inglewood TUFLOW model. Within this same
extent, there were several smaller and more refined models that were used to assess
local catchment flooding events for catchments smaller than 100 km2 in size but
larger than 10 km2 in size (referred to as moderate catchments in the FDR). Those
models also used URBS and TUFLOW. They were:
•

Cremascos Road (Ch 52.15 km to Ch 53.15 km)

•

Bybera Road (Ch 54.50 km to Ch 56.40 km)

•

Pariagara Creek (Ch 65.50 km to Ch 71.15 km)

The Macintyre River URBS and TUFLOW models were also coincident with the
Yelarbon to Inglewood models. The TUFLOW models overlap between Ch 14.75 km
and Ch 33.00 km.
There were also several TUFLOW models that used flows derived using 12d ILSAX
to assess local catchment flows for catchments less than 10 km2 in size as part of the
drainage package.
These many overlapping models mean that culvert and bridge sizes between Ch
14.75 km and Ch 75.00 km, in some cases, were not sized with the flows, levels or
impacts of the Yelarbon to Inglewood TUFLOW model, despite being within that
model. Flows or impacts in the other models may have been the controlling factor on
the sizes. This report reviews the Yelarbon to Inglewood models independently of the
other models, though it does still check the sizes of all structures within its extent that
may have been sized in the other models.
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2

Hydrologic Model Review

2.1

Overview
The hydrologic modelling for Macintyre Brook – Yelarbon to Inglewood was
undertaken using URBS. URBS is a rainfall runoff and routing hydrologic modelling
software package. It has been under development for the past 15 years and is one of
the preferred software packages for operational flood forecasting throughout
Australasia. URBS was recently revised to improve the integration of the 2016/2019
editions of Australian Rainfall and Runoff, the industry’s guidelines for rainfall and
runoff analysis. URBS is a suitable tool for assessing the hydrologic processes
across the Macintyre Brook catchment for both historical events and design storm
events.
For the Yelarbon to Inglewood section, three URBS hydrologic models were used for
deriving calibration and design storm event flows for use in the TUFLOW hydraulic
model. One of the models is the Inglewood Flood Study URBS model. Another
model, according to the Hydrology and Flooding Technical Report – Volume I (Future
Freight Joint Venture, July 2020), is the North Star to NSW/QLD Border (NS2B)
URBS model, which was derived from the Border Rivers Floodplain Hydraulic
Analysis (Lawson and Treloar, 1998) and was used in the Floodplain Management
Plan for the Border Rivers Valley Floodplain (Department of Planning, Industry and
Environment, 2018).
The Technical report (Future Freight Joint Venture, July 2020) is actually referring to
the NS2B Macintyre Brook URBS model and not a single NS2B URBS model. The
NS2B URBS “model” is actually a conglomerate of the Macintyre Brook, Dumaresq
River, Macintyre River and Ottleys Creek URBS models. There was no mention in
the draft EIS of this specific detail, which should be corrected.
Note that hydrology for NS2B Macintyre River (inclusive of Macintyre Brook and
Dumaresq River URBS models) is the subject of revision to meet the conditions of
approval for that package. Hence, hydrology for this catchment (Macintyre Brook)
needs to be revisited as well.
The third URBS hydrologic model that was used in the Yelarbon to Inglewood
package is the Dumaresq River sub-model from the “NS2B URBS Models. There
was no mention in the draft EIS that it was adopted, which should be corrected. Note
that because this model was not mentioned in the Yelarbon to Inglewood section of
the draft EIS and because it is of greater significance to the Macintyre River model
review, it has been reviewed in the Macintyre River package instead. All future
mentions of hydrologic model review in this report will only refer to two models: The
Inglewood Flood Study URBS model and the NS2B Macintyre Brook URBS model.
The Technical Report states that the URBS models were unmodified other than
enabling ARR16 hydrology and adding two new subcatchments in the downstream
section of the NS2B Macintyre Brook URBS model (subcatchments 44 (240 km2) and
45 (46 km2)). This does not appear to be entirely true. The baseflow factors and the
routing multiplication factors of the NS2B Macintyre Brook URBS models had been
modified without justification and are not reported in the Yelarbon to Inglewood
section of B2G Technical Report. This requires justification.
The Inglewood Flood Study model and the NS2B Macintyre Brook URBS model were
not identical at the locations where they were coincident (upstream of Inglewood).
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The decision to use three different hydrologic models within a single hydraulic model
is a non-standard approach. This should be corrected such that only one model is
adopted for the Yelarbon to Inglewood hydraulic model to ensure consistency in
catchment, routing and rainfall parameters. Note that a technical note (2-3100-310IHY-10-TN-00011_1) was provided to the Panel by the FFJV that suggested that a
single model may be adopted in the Detailed Design stage.
Note that for the calibration event (1976), only the Inglewood Flood Study URBS
model was provided and for the design storm events, only the NS2B Macintyre Brook
URBS model was provided (a request for the missing information was not made at
the time of the review). This means that for the calibration event, local inflows
downstream of Inglewood were unable to be checked and for design events at
Inglewood and upstream, regional inflows were unable to be checked. The Panel
assumed that parameters such as rainfall loses, areal reduction factors, IntensityFrequency-Duration (IFD) data, etc., were consistent between design storm event
models, meaning that review of the two provided models would be sufficient for
inferring issues in the two models that were not provided.

2.2

Catchment Delineation
The Inglewood Flood Study URBS model extent was limited to Inglewood and its
upstream catchment, whereas the provided NS2B URBS model included most of the
Macintyre Brook catchment. Whilst no GIS files of the subcatchments were provided
for either model (a request for the missing information was not made at the time of
the review), the Inglewood Flood Study URBS model subcatchments were recreated
by FFJV in GIS using Figure J1-C of the Hydrology and Flooding Technical Report –
Volume II (Future Freight Joint Venture, July 2020) (see Figure 1). The
subcatchments in that model were large, though they were suitable for this stage of
design. All subcatchment areas were checked by the Panel and they were within 1%
of the areas adopted within the hydrologic model. For the two NS2B URBS models,
no subcatchment extents were available, so the accuracy of the subcatchment data
was not able to be checked for specific catchments. The total area of the model was
checked at Inglewood and the area was found to be accurate and within an
acceptable margin of error.
The NS2B Macintyre Brook URBS model had two subcatchments added near
Yelarbon, but the extents of these subcatchments were not known so their details
could not be checked.
As discussed in Section 2.1, not all subcatchments near Yelarbon and none of the
Dumaresq River subcatchments were included in either hydrologic model. The
inflows from the Dumaresq River were, however, added to the hydraulic model. The
flows were obtained from a third hydrologic model: The ARTC Dumaresq River
URBS hydrologic model. This third model was part of the Macintyre River model
package in NS2B, so it has not been reviewed in this report. Refer to the Macintyre
River report for further discussion on this model. As discussed elsewhere in this
review, the three models should be merged into a single hydrologic model to ensure
consistency of parameters.
No changes were made to the subcatchment delineation to represent the developed
conditions. Because this URBS model is used in conjunction with a hydraulic model
for regional flows and because the local catchments have their own hydraulic models,
there should be limited impact on the Inland Rail design from leaving the catchment
delineation unchanged.
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2.3

Calibration Event Model Inputs

2.3.1

Overview
The Yelarbon to Inglewood hydrologic and hydraulic models were only calibrated to
the 1976 flood event. This is despite the previous studies (see Section 1.4) also
calibrating to the 1996 and 2011 events for regional flood events and using 1996 as
the primary focus. There was also a large flood event in 1998, which is when the
DNRM gauge “Macintyre Brook at Inglewood” (416402C) recorded its maximum
water level. The URBS models should also be calibrated to these events using
stream gauge data and any anecdotal data that Goondiwindi Regional Council or
residents can provide. Note that a technical note (2-3100-310-IHY-10-TN-00011_1)
was provided to the Panel by the FFJV that further discussed other calibration
events.

2.3.2

Stream Gauge Data
To calibrate the hydrologic models, stream gauge data was required. Section 16.1.6
and Section 16.4.2 of the Hydrology and Flooding Technical Report – Volume I
(Future Freight Joint Venture, July 2020) states that the DNRM gauge 416402B/C
(Macintyre Brook at Inglewood) (1953-1989, 1981-2021) was the only stream gauge
within the Macintyre Brook catchment with suitable data for calibration of the 1976
event. This does not appear to be true and excluding other stream gauges from the
calibration process requires further justification because the Panel has found
excluded data that appears to be suitable for calibration purposes. There are six
more DNRM stream gauges within the catchment with data in April 1976:
•

416413A: Macintyre Brook at 1.6 km (is near Dumaresq River and downstream of
both hydrologic models, so it is likely to be less useful with the current URBS
models, but could be used with the hydraulic model) (1971-1987)

•

416410A: Macintyre Brook at Barongarook (1967-2002)

•

416409A: Macintyre Brook at Coolmunda Dam HW (1968-2002)

•

416407A: Canning Creek at Woodspring (1954-1980)

•

416406A: Macintyre Brook at Ben Dor Weir (1954-1988)

•

416404B/C: Bracker Creek at Terraine (1952-1967, 1966-2002)

Three more stream gauges are available for other events:
•

416415A: Macintyre Brook at Booba Sands (1987-2021)

•

416401A: Macintyre Brook at Whetstone (1924-1953)

•

416403A: Macintyre Brook at Luna (1956-1966)

•

416416A: Macintyre Brook at Coolmunda Tailwater (2000-2002)

There may also be suitable stream gauge data available via the Bureau of
Meteorology for the 1976 event because there are several BoM gauges within the
catchment. For example:
•

041457: Coolmunda Dam

•

041137: Coolmunda Dam TW TM
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The data from these stream gauges should be used to re-check the calibration of the
1976 flood event. Additionally, data from these gauges and the ten other DNRM
gauges within the catchment may be used for simulating the other historical flood
events, as described in Section 2.3.1. For the stream gauges that do not have
existing rating curves, curves should be developed using small TUFLOW models.
Additionally, those that do have existing rating curves should be checked with a small
TUFLOW model to ensure that the curve accurately represents large flows.

2.3.3

Rainfall Data
According to Section 16.1.7 of the Hydrology and Flooding Technical Report –
Volume I (Future Freight Joint Venture, July 2020), the Inglewood Flood Study URBS
hydrologic model for the 1976 event adopted Woodspring (041391) and Glenelg
(041034) rainfall gauges (note that the report lists gauge 041034 as Inglewood
Forestry, not Glenelg). That does not match the model that was provided. In the
provided model, only one pluviograph was used (unclear what pluviograph) and there
was no spatial variation in the total rainfall. This should be clarified or corrected in the
report.
According to that same section, the NS2B URBS model adopted six daily rainfall
stations and one pluviograph station, using the pluviograph to define the temporal
variation and presumably all seven gauges to define the spatial variation (see Figure
2).

Figure 2: Spatial Distribution of the 1976 Event Rainfall in the NS2B Macintyre
Brook URBS Model (Future Freight Joint Venture, July 2020)
Several of those gauges, particularly the pluviograph gauge (056018 – Inverell
Research Centre) are a significant distance (>100 km) away from the catchment. It is
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believed that this table may be incorrectly populated, but it cannot be confirmed
because the NS2B Macintyre Brook URBS calibration model was not provided to the
Panel (a request for the missing information was not made at the time of the review).
If the actual NS2B model adopts pluviograph gauge(s) other than those within or near
the catchment, this should be corrected.
The original NS2B Macintyre Brook URBS model, which was the foundation of the
B2G (NS2B) Macintyre Brook URBS model, adopted BoM pluviograph gauges
041022, 041060, 041122, 041139 and 041175 for the 1976 event. This only partially
contradicts the reported gauges, with gauges 056018 and 056217 stated as adopted,
yet not actually adopted, and all adopted gauges being pluviographs.
Finally, it is possible that several more daily rainfall and pluviograph gauges could be
used for modelling of the 1976 calibration event. There are several more BoM
gauges within the catchment that are not mentioned in the technical report, but it is
unclear whether they were active in 1976 because data is not freely and readily
available. None of the DNRM gauges within the catchment contained rainfall
recorders in 1976.

2.3.4

Calibration Data
Calibration data for the hydrologic models included the stream gauges within the
catchment (see Section 2.3.2). In the Technical Report, only the Inglewood DNRM
gauge (416402) was used for calibration of the hydrologic model and only for the
1976 event. Results of the calibration are discussed in Section 2.4.
Many more years of data are available for several more gauges within the catchment,
so as discussed in Section 2.3.2, data from these gauges should be used to check
the calibration of the model and as discussed in Section 2.3.1, the calibration process
should occur for more historical storm events. At the very least, the other historical
events should be validated using a calibrated model.

2.3.5

Significant Catchment Storages
Within the Macintyre Brook catchment, there is one significant catchment storage:
Coolmunda Dam. Coolmunda Dam has a full supply level storage capacity of 69,090
ML and was constructed in 1968 (SunWater, 2020). The date of construction
coincides with part of the adopted calibration gauge’s record (1953-2021 for 416402B
& 416402C). Whilst the Inglewood Flood Study report stated that Coolmunda Dam
was not a flood mitigation dam (Engeny Water Management, 2015), it can partially
mitigate flood events, especially if it is not at full supply level prior to the rainfall event.
The same report found that there was differing reduction in design storm event peak
flow rates (8% to 21%) due to the addition of the dam, though any mitigation is
dependent on the storage level prior to the flood.
For the 1976 calibration storm event, the dam water level was checked to ensure that
the assumptions of the calibration event hydrologic model were correct. The model
assumed that Coolmunda Dam was at full supply level at the start of the event. Using
data from DNRM gauge 416409A (Macintyre Brook at Coolmunda Dam HW) and the
Coolmunda Dam Emergency Action Plan (SunWater, 2020), it was determined that
the dam was 0.03 m below full supply level at the time, so the assumption is valid.
For design events, the same assumption (dam at full supply level) was adopted. This
is arguably a conservative approach for assessment of frequent (small) events. Large
(rare) events are more likely to have preceding rainfall that could fill the dam,

March 17, 2021 | 11

Appendix B: Macintyre Brook - Yelarbon to Inglewood Models Review - Draft Report on Review of Border to Gowrie Section

Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

whereas smaller events are less likely to have this occur. Given that the models are
being used for the design of critical infrastructure, the approach is valid, but
conservative.
The level-discharge relationship of Coolmunda Dam was available in Table 4 of the
Coolmunda Dam Emergency Action Plan (SunWater, 2020). Both hydrologic models
for Macintyre Brook contained volume-discharge relationships. Insufficient data was
provided or found to generate a storage-discharge relationship using the Emergency
Action Plan’s level-discharge relationship, so the Panel was unable to confirm the
accuracy of the volume-discharge curve. Given that both hydrologic models were
based on existing studies, it is possible that one of the reports those studies obtained
included this information. Not all of the reports that were referenced in those
documents were publicly available at the time of review by the Panel.
The two URBS hydrologic models adopted different storage-discharge relationships.
Whilst this does not directly affect the hydraulic model flows because routed flows
(including the dam) used the Inglewood Flood Study model, whilst non-routed flows
used the NS2B model, it was still checked. It was found that the relationships
differed, and that the Inglewood Flood Study relationship was capable of modelling
far larger flows, well beyond the flows stated in the Emergency Action Plan’s upper
limit. Figure 3 shows the comparison between these two curves and some other key
parameters, such as the dam full supply level and the maximum discharge from the
dam with all gates open (SunWater, 2020).

Figure 3: Comparison of Coolmunda Dam Storage-Discharge Relationships
Between the Adopted Models
For the flow range that is relevant (approximately 0 m3/s to 12,000 m3/s), the
Inglewood Flood Study URBS model, which is what is used for routed flows, provides
a higher discharge for a given storage volume.
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It is unclear how URBS handles discharges in excess of the adopted storagedischarge relationship, but based on model outputs for extreme events, the curve
flattens to be horizontal, meaning that for an increased discharge, no additional
storage is added. This means that in the NS2B Macintyre Brook URBS model,
Coolmunda Dam is unable to properly estimate discharges in extreme events due to
missing storage. This does not affect the Yelarbon to Inglewood model because the
Inglewood Flood Study model is used for Coolmunda Dam, but it could be affecting
the NS2B package’s flow rates in extreme events. This should be checked.
Further investigation should be performed to confirm which storage-discharge
relationship is correct.

2.3.6

Runoff and Routing Parameters
For the two Macintyre Brook hydrologic models, the routing parameters shown in
Table 1 were adopted.

Table 1: Primary Routing Parameters of the Macintyre Brook
Hydrologic Models3
Parameter

Description

Inglewood Flood
Study URBS Model
Value

NS2B URBS
Model Value

Model Type

URBS model type

Basic

Split

alpha

Storage/channel lag parameter

1.7

0.2

m

Catchment non-linearity
parameter

0.8

0.8

beta

Catchment lag parameter

0.0

1.2

x

Muskingum translation parameter

1.0

0.3

n

Channel roughness

1.0

1.0

The parameters differ significantly between the models. All parameters are in the
“normal” range specified in the URBS manual (Carroll, 2012), except for the alpha
parameter used in the Inglewood Flood Study model. The typical alpha range is 0.10.3 and a value of 1.7 is far outside of that range. As part of addressing the other
review comments expressed in this report, this high value should be investigated and
changed or justified.
For the NS2B Macintyre Brook URBS model, because the subcatchment centroids
were provided, the entire model’s routing lengths were able to be checked. All routing
lengths were found to be within an acceptable margin of error except for the
connection between the “PRINT.TOT041 *” command and the confluence
downstream (see Figure 4). For that reach, a routing of approximately 7km should
exist, instead of zero. This error does not affect the Yelarbon to Inglewood model, but
it would affect the Macintyre River model. Routing durations across Coolmunda Dam
were correctly set to zero.

3

The Dumaresq River URBS model that was used for Yelarbon to Inglewood was not provided.
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Figure 4: Routing Length Error near Whetstone
The NS2B URBS model factored all downstream routing distances by a factor of two
and all upstream routing distances by a factor of ten. This routing factor is used in
models to account for poor definition of stream lengths. Through the previously
described process of manually checking each routing distance, it was found that the
stream lengths without applying these factors were reasonable. The factor of two for
the downstream channel reaches could be reasonable, particularly for smaller flood
events, because there are many bends in some channel reaches. The factor of ten
that was used in the upper reaches is far larger than normal and is not justified. The
factors also appear to have been changed since the original modification of the
Border River Valley Floodplain Management Plan model for the NS2B package. This
implies that either the NS2B Macintyre Brook or the B2G Macintyre Brook URBS
model is inaccurate. Regardless, because only local inflows were generated from the
NS2B URBS model, it does not affect Yelarbon to Inglewood model outcomes.
The Inglewood Flood Study URBS model provided channel slope (Sc) values for
each subcatchment within the catchment (.cat) file, as well as within the
Inglewood_FS_cdf_calib.csv file. The values within the catchment file are not read by
URBS because the “USES” command line does not specify “Sc”. As a result, the
channel slope values for each catchment should be checked.
Finally, Section 16.2.2 of the Hydrology and Flooding Technical Report states: "For
both models the Muskingum coefficient, which is applied to the storage routing, was
set to the default value of 1, while the Manning's roughness, which is used as a reach
length scaling factor, was not activated". It should be adjusted to state that "For both
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models, the Muskingum non-linearity exponent (n), which...", because it could be
confused with the Muskingum translation parameter (x).

2.3.7

Rainfall Losses
For the 1976 calibration event, the initial and continuing loss rate method was
adopted. An initial loss of 45 mm and a continuing loss of 1 mm/hr was used for the
URBS model that was derived from the Inglewood Flood Study model. The
calibration event URBS model that was derived from the NS2B URBS model was not
provided.
The ARR19 Data Hub (http://data.arr-software.org/) suggests that the losses at
Inglewood would be approximately 25 mm (initial), 1 mm/hr (continuing), so the
adopted losses are reasonable. The losses vary significantly across the Macintyre
Brook and Dumaresq River catchment, indicating that a wide range of values could
be true. Ultimately, the calibration event rainfall losses are determined by the
calibration process, which is discussed in Section 2.4.
Note that the Hydrology and Flooding Technical Report stated that for the two URBS
models, two different loss sets were adopted (see Table 2).

Table 2: Adopted Rainfall Loss Sets According to the Technical Report (Table
16.11 from (Future Freight Joint Venture, July 2020))

Neither of these reported loss sets match what was modelled for the Inglewood Flood
Study URBS model. Additionally, the use of two (possibly three) different loss sets
(initial and continuing) is not justified. The differences should be justified.

2.4

Calibration Event Model Results
The Inglewood Flood Study URBS model was previously calibrated to DNRM gauge
416402 (Macintyre Brook at Inglewood), with a good match occurring (see Figure 5).
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Figure 5: Inglewood Flood Study URBS Model Calibration Results at Gauge
416402 for the 1976 Event (Engeny Water Management, 2015)
Because the Technical Report claims that the Inglewood Flood Study URBS model
was not modified, it is assumed that the same match would occur, meaning that the
model is calibrated well to that gauge.
As stated in previous sections, whilst the match to this gauge is good, there are
several other stream gauges within the catchment that were not compared.
Comparisons of the model to those gauges should be completed.

2.5

Design Storm Event Model Inputs

2.5.1

Overview
Design storm event rainfall for the Yelarbon to Inglewood hydrologic model was
developed using the ARR16 guidelines.
Only one of the design storm event URBS models and one of the calibration event
URBS models were provided, so it was assumed that parameters remained
unchanged between the provided Inglewood Flood Study calibration model and the
not-provided Inglewood Flood Study design storm event model (plus the same for the
NS2B Macintyre Brook URBS model) (a request for the missing information was not
made at the time of the review).
The following sections document the findings of the model inputs. Note that only the
items that differ from the calibration event models are discussed.

16 | March 17, 2021

Appendix B: Macintyre Brook - Yelarbon to Inglewood Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

2.5.2

Rainfall Data
Rather than using historical rainfall data like the calibration event model, the design
storm event model used ARR16 IFD data from the Bureau of Meteorology’s (BoM)
website, plus temporal pattern data from the ARR Data Hub for the Central Slopes
area.
The adopted IFD data in the B2G version of the NS2B URBS model varies by
subcatchment, which is an acceptable approach.
Given that the catchment exceeds 75 km2, areal temporal patterns should be
adopted. Based on the provided data, it appears that they were adopted for long
duration events, but not for short duration events, which is an acceptable approach
because short duration events do not have corresponding areal temporal patterns,
only point temporal patterns.
The areal reduction factor (ARF) calculations of the B2G version of the NS2B URBS
model used an area of 3,320 km2 for the calculation (with a total model area of 4,269
km2). This is approximately equal to the catchment area to Inglewood. This is a
reasonable approach given that this model assesses regional flooding, however the
provided URBS model for design storm events was the model used for local flow
inputs downstream of Inglewood and not the primary inflows near Inglewood.
It is unclear whether the model used for regional flow inputs (the URBS model
derived from the Inglewood Flood Study) used the same catchment area for ARF
calculations (with a total model area of 3,479 km2). This should be reported. If it does
have its focus point as the Inglewood gauge, there are no cross-drainages sized with
the Yelarbon to Inglewood regional model upstream of Inglewood and hence there is
no risk that they have too low discharge applied.
Note that the ARF is different to:
•

The ARF adopted in the NS2B package for the Macintyre Brook URBS
model: That package adopted an area of 3,983 km2, which is far smaller than
what should have been used for that package because the catchment area to the
area of interest was far larger.

•

The ARF adopted for the Dumaresq River URBS model: In this package
(B2G) ARF is not known because the model was not provided (a request for the
missing information was not made at the time of the review). In the NS2B
package, it was 9,093 km2, which again is far smaller than what should have
been used for that package because the catchment area to the area of interest
was far larger.

The Queensland Department of Transport and Main Roads’ Technical Guideline on
Hydrologic and Hydraulic Modelling (Queensland Department of Transport and Main
Roads, 2019) states that “the critical temporal pattern at each location under
consideration is defined as the temporal pattern that results in a peak flow rate that is
closest to the mean flow rate with a bias of 2 to those exceeding the mean”. ARR19
has slightly different guidance but selecting the temporal pattern above the mean or
the median is a typical approach. Neither the Hydrology and Flooding Technical
Report, nor the URBS design storm event modelling, appeared to adopt such an
approach. Whilst the reports stated that all ten temporal patterns were simulated for
each AEP and duration combination, no details were provided around temporal
pattern selection.
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It was noted that ARR16 was used. Predicted changes to rainfall intensities due to
climate change were updated in ARR19. Whilst the Technical Report states that a
23% increase in rainfall intensities was adopted in the hydrologic models for the
sensitivity assessment, the provided model shows that a 20.8% increase was
adopted (2090 RCP 8.5). The ARR19 predicted increase is 22.8%. It is believed that
the reported increase is a mistake, since the 20.8% increase of the model is likely the
ARR16 predicted increase. The ARR19 increase in rainfall intensity should be
adopted in the hydrologic model for the sensitivity assessment.

2.5.3

Rainfall Losses
It appeared that the rainfall losses of the adopted URBS model almost matched the
ARR Data Hub outputs. Without the updated Inglewood Flood Study design storm
event URBS model from FFJV, it was assumed that the losses reported in Table
16.16 of the Technical Report were accurate (see Table 3), with the upstream
catchments (Inglewood Flood Study Model) matching what was reported in Table 2.

Table 3: ARR Data Hub and Adopted Design Storm Event Rainfall Losses
(Table 16.16 from (Future Freight Joint Venture, July 2020))

The variation in loss sets between the upper and lower portions of the catchment
requires justification.
That section of the Technical Report also states that “…for downstream of Inglewood,
the initial loss was varied by duration per AEP”. This requires justification. It was not
done to match the FFA, since the catchments upstream of Inglewood are reported to
have adopted a constant initial loss.

2.6

Design Storm Event Model Results
Whilst the design storm event URBS models were run for a wide range of AEP
events (20% to PMF), the 50% AEP event should also be considered and or
simulated to identify whether any local drainage issues may be present. Whilst this is
a regional model and Macintyre Brook’s channel may contain such an event,
reporting and justifying why the 50% AEP event was not simulated should be
considered.

2.7

Flood Frequency Analysis

2.7.1

416402 (Macintyre Brook at Inglewood)
A flood frequency analysis (FFA) was performed at the DNRM gauge 416402
(Macintyre Brook at Inglewood), which was the same gauge that was used for
calibration purposes. The gauge is currently numbered 416402C, meaning that it is
the third location of that gauge. 416402B, the previous location of the gauge, was at
approximately the same location. Data for 416402A was not available on the DNRM
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Water Monitoring Information Portal (WMIP) at the time of the review, but data for
416402B and 416402C was readily available.
Because the locations of the two gauge versions are similar according to the WMIP,
data from the two gauges can be combined, meaning that the gauge record is
approximately 66 years long at the time of the review by the Panel (1953 - 1979 and
1981 - 2021). This record length is sufficient for a flood frequency analysis.
The gauge record does, however, precede the construction of Coolmunda Dam in
1968. It is possible that Coolmunda Dam affected the peak flow rate at Inglewood.
The results shown in Table 4 were reported from the FFA using 49 sample years.

Table 4: Reported FFA Results (Table 16.17 from (Future Freight Joint Venture,
July 2020))

Table 4 shows that the reported FFA produced vastly different results to the
Inglewood Flood Study’s FFA and that the subsequent TUFLOW model did not
match the reported FFA or the Inglewood Flood Study FFA by a considerable margin.
It was claimed in the Technical Report that the TUFLOW flows being higher than the
FFA predicted flows is because the URBS hydrology assumes that Coolmunda Dam
is at full supply level for all design storm events. No evidence has been provided for
this assumption and the Panel believes that this may not be sufficient explanation of
the difference for the rarer events, which are more likely to occur when the dam is
already at full supply level (a request for the missing evidence (calculations or
sensitivity testing) was not made at the time of the review). For example, the 1976
calibration event occurred when the dam was 0.03 m below full supply level.
Proof of this claim is requested because the differences are significant and may not
be the result of the dam level assumption. If proof exists, then consideration should
still be given to lowering the Coolmunda Dam water levels in the hydrology to better
match reality, because the 20% AEP event flows in Inglewood are more than three
times larger than what the FFA suggests should occur.
Finally, the Inglewood Flood Study had already investigated the flood mitigation
potential of the dam and found that the mitigation capacity of the dam was around
21% for the 10% AEP event. The provided TUFLOW model flows would need to be
mitigated by 46% to match the Inglewood Flood Study FFA and by 62% to match the
reported FFA for the 10% AEP event. This is additional proof that the provided
explanation is insufficient.
The TUFLOW FLIKE files were not provided by FFJV. To verify the reported FFA
results, the FFA was re-created by the Panel. Two FFAs were generated: One for the
entire gauge record of 416402B/C and one for the gauge record post-1968
(Coolmunda Dam construction). The following findings were observed:
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•

Using 50 years of data (post-1968), the FFA matched the Inglewood Flood Study
FFA to within a few percentage points of difference for all AEP events when using
“water years”, which were assumed to be July-June instead of JanuaryDecember for calendar years.

•

Adding the Regional Flood Frequency Estimate (RFFE) as a Gaussian Prior
Distribution made the FFA flow rates significantly larger, so the results were
discarded. This is not a recommended approach because the catchment exceeds
the recommended maximum size of the RFFE and the gauge record is sufficiently
long to not require this addition.

•

Using the entire combined gauge record (including the years prior to construction
of Coolmunda Dam) did result in a different FFA result to using the 50 years of
data, possibly because of a very large flood event in 1956, but it was still far
closer to the Inglewood Flood Study FFA than the reported FFA or the provided
TUFLOW model.

In conclusion, the reported FFA results could not be replicated and appear to be
incorrect and should be revised. The provided URBS hydrology may also need to be
revised to achieve a better match to the FFA. Additional stream gauges should also
have FFA performed.
Some further notes on the flood frequency analysis:
•

Figure 84 of the Hydrology and Flooding Technical Report did appear to show
results that contradicted Table 16.17 of the report, so the tabulated values may
be for a different gauge.

•

It is unclear whether the FFJV adopted the DNRM rating curve or derived a new
rating curve.

•

The gauge (416402C) has had 131 gaugings, with one gauging occurring during
a gauged depth of 9.153 m (672.13 m3/s). For reference, the 1976 event was
estimated to have a peak flow of 2,550 m3/s at this gauge, which is significantly
higher.

Note that a technical note (2-3100-310-IHY-10-TN-00011_1) was provided to the
Panel by the FFJV, which provided some further discussion on the FFA.

2.7.2

Other Gauges
As discussed in Section 2.3.1 and Section 2.3.2, there are several other stream
gauges within the catchment. Flood frequency analyses should be performed at each
of those gauges and compared to the design storm event hydrologic models.
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3

Existing Case Hydraulic Model Review

3.1

Overview
The Macintyre Brook – Yelarbon to Inglewood hydraulic model was built using the
1D/2D (one-dimensional/two-dimensional) hydrodynamic modelling package
TUFLOW (version 2018-03-AB-iSP-w64). The Heavily Parallelised Compute (HPC)
solver was adopted for this model. The 2D solver is an explicit solution of the full 2D
shallow water equations, including sub-grid scale eddy viscosity.
The scheme is volume and momentum conserving, is second order spatially and
fourth order in time. The 2D solver is dynamically linked with TUFLOW’s 1D solver
named ESTRY, which provides full 1D pit, pipe, culvert and open channel
functionality.
The TUFLOW version that was adopted was the latest at the time, but it is not the
latest version at the time of this review. The latest version, 2020-10-AA, contains
significant improvements to the HPC solver. The 2020 solver validates far better to
industry benchmark models and contains several useful features. Because of the
better validation of the solver, the 2020 version should be used for all TUFLOW
models in the Detailed Design stage. Note that a technical note (2-3100-310-IHY-10TN-00011_1) was provided to the Panel by the FFJV confirming that the latest
TUFLOW version would “be explored at subsequent design phases”.
TUFLOW HPC is widely used across in Australia and internationally and it is an
appropriate tool for assessing the flows across the catchment and the potential
impacts associated with proposed rail alignment.
Further discussion with respect to the suitability of the model setup is detailed in the
following sections.

3.2

Model Extent and Grid Size
Overall, the hydraulic model extent covers the area of interest, with most of the
proposed alignment between Ch 14.75 km and Ch 75.00 km included within the
extent. Two sections (Ch 36.75 km – Ch 40.00 km and Ch 48.85 km – Ch 51.05 km)
were outside of the model extent. The former is located on high ground, with no
cross-drainage structures proposed in that area according to the drainage section of
the FDR. The latter has two cross-drainage structures proposed in the drainage
section of the FDR, with both culverts’ impacts modelled using TUFLOW and
reported on in that same report. The catchments of these culverts are small and the
regional PMF event does not reach those culverts, so their exclusion from the
regional TUFLOW model does not require correction.
Further along the alignment to the south, the Macintyre River TUFLOW model sizes
culverts. Further along the alignment to the north, the alignment runs along a crest
where only local catchment flow assessments were performed using TUFLOW and
12d. The extent of the model is acceptable.
The downstream boundary is sufficiently far away from the area of interest, so it will
not impact on the assessment of the alignment.
The PMF event does “touch” the edge of the model extent near the downstream
outflow boundary, though it is only for a small area and it would not affect the flows
near the proposed Inland Rail alignment.
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The orientation of the model extent was adjusted such that it aligned with the main
channel.
The model adopted a grid size of 15 m, which is large for a detailed assessment of
linear infrastructure, but it is still acceptable provided that breaklines are used to
enforce relevant crests (such as roads/railways) and gullies (such as drains) (see
Sections 3.3 and 4.4 for discussions on the implementation of the topography). In the
Detailed Design stage, consideration should be given to using the latest TUFLOW
(as discussed in Section 3.1). This is not only to use a solver that achieves better
results on benchmark models, but also because that solver contains the new sub-grid
sampling (SGS) feature. SGS allows for better definition of grid cell faces to enable
the model to represent gullies and crests better than a non-SGS model. Given the
large grid sizes of this model, it is a recommended change for the Detailed Design
stage.

3.3

Topography
The Existing Case model’s topography is generally considered to be acceptable. It
adopted ARTC 2015 Light Detection and Ranging (LiDAR) data (except for a small
area that used Shuttle Radar Topography Mission (SRTM) data) and enforced some
key hydraulic controls. The following exceptions were noted:

3.4

•

The adopted ARTC LiDAR-derived digital elevation model (DEM) grids used a 5m
grid spacing, which is larger than the typically used 1m grid size. Whilst this is
acceptable for this model because it has a 15 m grid size, the latest TUFLOW
engine can sample topography values along the cell face to better define
topography in the model. Because Section 3.1 recommended use of the new
TUFLOW version, the 5 m DEM grids should be replaced with 1m versions of the
same dataset.

•

Not all existing railways and road crowns were enforced within the model.
Because of the large grid size, it is possible that failing to enforce these controls
could be resulting in incorrect water levels. All hydraulic controls that are not
currently enforced in the Existing Case model should be enforced.

•

No detailed field survey terrain data was included in the model. It is not clear
whether any survey exists, so it should be confirmed that all relevant ARTC, TMR
and Goondiwindi Regional Council field survey has been included.

Roughness
The provided hydraulic model adopted the roughnesses shown in Table 5.

Table 5: Adopted Hydraulic Model Roughnesses (Table 16.9 from (Future
Freight Joint Venture, July 2020))

The review found that these values were reasonable.
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Regarding the delineation of roughness areas within the hydraulic model, it was
found that there were many areas of the creek that were represented by roughnesses
far higher or lower than current aerial imagery suggested should have been used. As
a result, some refinement of the spatial delineation is recommended, particularly
around the Macintyre Brook main channel. The adopted spatial delineation is shown
in Figure 6.
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Figure 6: Adopted Hydraulic Model Roughness Spatial Delineation (Future Freight Joint Venture, July 2020)
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3.5

Boundary Conditions
Within the hydraulic model, there were 12 source-area inflow boundaries (11 in the
calibration model) and four downstream level-discharge boundaries.
For the four downstream boundaries, slopes of between 0.002 and 0.0006 were
applied. These slopes are similar to the topographic slope, so they are reasonable
values.
For the inflow boundaries, several issues were identified:
•

It is best practice approach that for major waterway inflows, the boundaries be
applied using flow vs time (QT) inflow lines perpendicular to the direction of flow,
rather than source-area polygons, because the QT inflow lines will provide the
inflow with an initial velocity relative to the slope. The provided hydraulic model
used source-area polygons instead of QT inflow lines for the major waterway
inflows. This should be corrected for Inflow_7, Inflow_21, Inflow_42, Inflow_41
and DUM001. The calibration found that the water levels within Inglewood were
too high, so this change may also improve that calibration result.

•

Inflow_39 and Inflow_43 are located within local catchments. These inflows
should be located within Macintyre Brook and not placed within the local
catchments. This should be corrected.

•

The inflow boundary locations differ between the calibration and the design storm
event Existing Case models. This difference should be removed or justified.

•

The Dumaresq River flows were scaled by a factor of 0.7. The factor is explained
in Section 8.2.4 of the NS2B Technical Report. The factor was used to account
for the fact that the hydrologic model assumed that rainfall would not occur
uniformly across the large upstream catchment. ARR19 is clear that areal
reduction factors and areal temporal patterns account for this issue and therefore
the need for a factor is atypical and potentially indicative of another phenomenon.
It was also applied to historical events, which contradicts the justification. In the
NS2B model, the 0.7 factor was also applied to the Macintyre Brook inflow, which
is not how the Yelarbon to Inglewood NS2B hydrologic model was used in this
Inland Rail section. The focus point of the NS2B hydrology is in Boggabilla, which
is approximately 60km downstream of the Macintyre Brook junction with the
Dumaresq River. Also, there is no mention that Dumaresq River flows were
added to this hydraulic model in the EIS. The report should be updated to discuss
the addition of the flows and to explain the scaling of the flows.

•

Subcatchment 45’s inflow was not included. It may not influence critical levels at
the alignment in this region, but the local catchment model does not include it
either.

3.6

Structures

3.6.1

Culverts
Culverts have been connected to the 2D domain using standard practice. Some of
the connections to the domain are away from the channel invert, so each culvert’s
connection should be checked and potentially refined in the Detailed Design stage.
Additionally, several culverts are connected to too many 2D cells, which can
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artificially increase the efficiency of the culvert. The lengths of the connections should
be reduced to approximately match the width of the culvert inlet.
Many major and minor existing culverts were not included in the hydraulic model,
which could potentially be affecting modelling outcomes. The aerial imagery and
topography of the entire model should be checked in detail to identify all of these
structures and include them in future models.
Several culverts adopt losses that are non-standard according to the TUFLOW
manual (BMT WBM Pty Ltd, 2019). These losses should be corrected to match
standard loss values or justified accordingly.
No blockages were applied to the culverts, which is appropriate.

3.6.2

Bridges
The Existing Case bridges have been implemented using typical modelling practice,
but some items require clarifications/corrections:
•

Whilst Inland Rail is not a Queensland Department of Transport and Main Roads
project, for the Queensland section, it is best practice to meet the requirements of
the Technical Guideline on Hydrologic and Hydraulic Modelling (Queensland
Department of Transport and Main Roads, 2019). To satisfy those requirements,
the form loss coefficients for the deck should be changed to 1.6 and the
rail/barrier form loss coefficient and blockage values may need to be changed for
the two existing road bridges. The specific bridge detail should be checked
against these parameters.

•

The latest TUFLOW engine (2020-10-AA) includes new TMR-derived methods for
calculating structure overtopping flows for submerged bridge decks. Discussions
should be held with TMR in the Detailed Design stage to select the most
appropriate bridge form loss approach.

•

No details were provided for how the bridge form loss values or blockages were
calculated (a request for the missing information was not made at the time of the
review). The report should be updated in the next design stage to explain how the
values were derived, with validation to accepted methods also performed.

Additionally, several existing bridges were not included in the hydraulic model. These
bridges should be included.

3.6.3

Safety Barriers
No road safety barriers (guard rail) were included in the Existing Case model. There
are some safety barriers within the model extent in close proximity to the proposed
alignment that should have been included, so these should be added in the next
design stage.

3.7

Calibration Results
As previously discussed in this review, the modelling was only calibrated against the
1976 flood event and only at DNRM gauge 416402 (Macintyre Brook at Inglewood)
and some recorded flood debris levels, despite there being plenty of other large flood
events with gauge data for calibration. The calibration for those other events and
those other gauges should be performed.
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For the calibration that was performed, the match of the hydraulic model to the
recorded data was good in terms of flows and fair in terms of levels (excellent for
peak level) (see Figure 7 and Figure 8).

Figure 7: Discharge Calibration of the TUFLOW Model against DNRM Gauge
416402 (February 1976)
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Figure 8: Level Calibration of the TUFLOW Model against DNRM Gauge 416402
(February 1976)
The difference between the model and the gauge in terms of levels could indicate
that the rating curve is inaccurate, but it is still a reasonable match at sufficient water
levels, so no action is required. The difference between the modelled and recorded
gauge heights on the rising and receding limb of the flood can be explained by the
model result being taken near to the top bank of the Brook where the gauging station
is located, not at the level recorder. The RL of the gauging station is 282 mAHD
compared with the invert of the main channel at approximately 273 mAHD.
At the surveyed debris points, the average difference was reported to be
approximately 0 mm, though many of the points recorded differences in excess of
300 mm. Without a map of the locations of these points, it is not possible to confirm
whether there was a pattern to the results. A pattern of higher or lower points would
indicate an error in the calibration. It is recommended that a map of the surveyed
debris point locations should be provided in the report in the Detailed Design stage.

3.8

Design Storm Event Results
Design storm events were simulated in the hydraulic model by adopting the
hydrology described in Section 2.5.

3.8.1

Temporal Pattern and Critical Duration Assessment
It is unclear how temporal patterns were selected for the Yelarbon to Inglewood
model, but based on the reporting, the hydraulic model was used to identify the
appropriate temporal pattern. As discussed in Section 2.5.2, it is not clear whether
that temporal pattern was the mean, the median, one above the median, or selected
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via some other method. This should be clarified in the reporting, noting that other
sections of the Technical Report correctly clarify the median is adopted.
For identifying the critical duration for each AEP event, all durations for all AEPs
between the 20% AEP event and the PMF event were simulated. Whichever duration
resulted in the peak water surface level for a given AEP was the critical duration (see
Section 16.5.2.1 of the Technical Report). Table 6 shows the reported critical
durations and temporal patterns.
An assessment of critical durations and temporal patterns in the hydrological model
identified that, for the locations selected (TOT038 and MAB001), the critical duration,
the critical temporal pattern, or the critical temporal pattern and duration combination
were not adopted for any of the AEP events.

Table 6: Reported Critical Durations and Temporal Patterns (Table 16.18 from
(Future Freight Joint Venture, July 2020))

Critical duration mapping was not provided with the Technical Report, despite it being
typical practice to do so. It is recommended that critical duration mapping be added
so that confirmation of the critical duration can occur and the reader can see if it
varies significantly along the alignment, particularly for this model where the
alignment runs alongside the brook. It is currently unclear whether the adopted
critical durations are appropriate for all proposed waterway crossings.

3.8.2

Other Items
There appears to be a small area of an unusually large velocity at 298448E,
6845597N (GDA 1994 MGA Zone 56) (Cunningham Highway (17D) at Macintyre
Brook – TMR structure ID 526 – Whetstone Bridge). Whilst the cause appears to be
the narrow channel between a bund and the natural topography level, it seems
unlikely that such a high velocity would occur. As part of the other recommendations
in this review (adoption of 1 m DEM grids and adoption of sub-grid sampling), the
anomaly may resolve itself purely through better terrain definition. Regardless, it
should be checked following adoption of those changes.
Table 16.19 of the Technical Report has inconsistent values for the 10% AEP event,
with overtopping depths at two locations equal to the PMF overtopping depths and
larger than the 5% AEP overtopping depths. This should be checked.
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4

Design Case Hydraulic Model Review

4.1

Overview
The Design Case hydraulic model was relatively similar to the Existing Case
hydraulic model. Some changes were made to represent the proposed Inland Rail
design. The following sections describe these changes, along with a brief summary of
the proposed design.

4.2

Proposed Design

4.2.1

Rail Alignment
The Yelarbon to Inglewood section of works within the Border to Gowrie Package is
60 km in length. The rail alignment generally stays upon high ground, keeping it
outside of most of the regional flood extent. The alignment rises from approximately
239 mAHD at the downstream boundary (Ch 15.00 km) up to 320 mAHD around Ch
59.00 km, before descending to approximately 311 mAHD near the upstream
boundary at Ch 75.00 km.

4.2.2

Road Alignment
Along the proposed rail alignment, there are several local road changes to maintain
connectivity. There is a local road overpass of the rail alignment at Yelarbon due to
the embankment levels being higher than the existing rail alignment.

4.2.3

Culverts
There are 97 culverts proposed along the alignment between Ch 14.75 km and Ch
75.00 km (Yelarbon to Inglewood model coverage) according to Appendix D3 of
Chapter 8 (Drainage) of the FDR.

4.2.4

Bridges
There are 3 bridges proposed along the rail alignment between Ch 14.75 km and Ch
75.00 km (Yelarbon to Inglewood model coverage) according to Appendix D3 of
Chapter 8 (Drainage) of the FDR. One bridge crosses the unnamed waterway near
Cremascos Road, one bridge crosses the unnamed waterway near Bybera Road and
the other bridge crosses Pariagara Creek. All three bridges are also subject to design
in the Cremascos, Bybera and Pariagara TUFLOW models.
There is also a rail overpass bridge in Inglewood.

4.3

Model Extent and Grid Size
No changes were made to the model extent or grid size for the Design Case model.

4.4

Topography
The Design Case TUFLOW hydraulic model adopted mostly identical topography to
the Existing Case model. There were several raster grids and GIS files added to the
model to define the Inland Rail design. Most of these files were not provided (a
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request for the missing information was not made at the time of the review), so they
were unable to be reviewed in full. The resultant gridded topography was provided.
It is best practice in modelling to implement the highest-resolution topographic
surfaces that are available, particularly for the latest (not adopted) TUFLOW version,
which can sample topography values along the faces of each grid cell. It is
recommended that at the next design stage, the Inland Rail design ASCII raster grids
be replaced by 12d triangulated irregular network (TIN) files instead, since they are of
higher resolution.
Most proposed road and rail embankments were enforced using breaklines in the
hydraulic model. At Ch 60.00 km, there is a realigned local road that was not
enforced.

4.5

Roughness
The roughness delineation and values were left unchanged between the Existing
Case and the Design Case. This should be corrected because the rail will result in a
corridor of lower roughness.

4.6

Boundary Conditions
Boundary conditions were left unchanged from the Existing Case, which is
appropriate.

4.7

Structures

4.7.1

Culverts
Not all proposed culverts between Ch 14.75 km and Ch 75.00 km (the Yelarbon to
Inglewood regional TUFLOW model extent) were included in the model. The
following culverts between those chainages were excluded from the hydraulic model:
•

C33.6 (9/1500 mm RCP)

•

C49.83 (3/3000x1500 mm RCBC)

•

C49.97 (8/2100x900 mm RCBC)

•

C53.20 (7/1200 mm RCP)

•

C53.62 (2/1200x900 mm RCBC)

•

C54.44 (2/900x900 mm RCBC)

•

C55.06 (7/1050 mm RCP)

•

C67.57 (8/1200 mm RCP)

•

C67.64 (8/1200 mm RCP)

•

C67.70 (8/1200 mm RCP)

•

C69.80 (5/1800 mm RCP)

It is unlikely that addition of these culverts would significantly affect hydraulic
outcomes, but the hydraulic models between the local and regional catchments
should be consistent.
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The following culverts were included in the hydraulic model but not in the list of
culverts in Appendix D3 of Chapter 8 (Drainage) of the FDR (repeated as Appendices
B, C and D of the Technical Report):
•

BYB_001 (C55.35 – 6/1500 mm RCP)

•

BYB_002 (C55.40 – 11/2100 mm RCP)

These culverts are relatively large, but it is unlikely that they would affect project
outcomes significantly. Their purpose appears to be transfer of local catchment flows
across the rail alignment, but they are located immediately adjacent to bridge 310BR04, making them redundant. They should be removed from the model or added to
the drainage register.
Many culverts within the hydraulic model extent are abnormally large and are
potentially indicative of incorrect modelling. Any culvert with a combined width of
more than 15 m within the model should be thoroughly checked. Items that should be
actioned include:
•

Many culverts are more than 50 m wide, which cannot be properly modelled by a
1D culvert because the flow behaves more like a bridge than a culvert at that
size. For those structures, either the sizes should be reduced by grouping
multiple 1D culverts and reducing entrance/exit losses appropriately, or they
should be modelled using layered flow constrictions instead of 1D network
connections.

•

The heights of many culverts are excessive, with the obverts of many barrels
found to be dry in even a PMF event. The heights of these barrels should be
reduced to the minimum acceptable height unless the height is required for
conveying local catchment flows.

•

Many of the large culverts are operating highly inefficiently. For example, C25.80
and C25.87 are both 24/2400x900 mm RCBC culverts and are located
immediately adjacent to one another. These culverts are only conveying 9 m3/s of
flow in the 1% AEP event, which equates to a barrel velocity of approximately 0.3
m/s. These culverts should be further optimised. Again, it is not clear if local
catchment flows dominate.

•

There are a series of local catchment culverts north of the hydraulic model extent
between Ch 75.00 km (edge of the Yelarbon to Inglewood hydraulic model
extent) and Ch 86.50 km (edge of the Cattle Creek hydraulic model extent) that
are far larger than would be expected for catchment sizes. For example, there is
one culvert with a catchment area of approximately 4.5 km2 that adopts a
35/2400x2100 mm RCBC culvert. These culverts should be checked for overcapacity.

•

Many of the culverts within the Yelarbon to Inglewood hydraulic model are sized
by local catchment events and some of those culverts also appear to be
oversized. The applicable drainage hydraulic models should be checked for those
culverts because they were not provided to the Panel .

•

TUFLOW’s result files indicate that many culverts are operating far below
capacity, so there is possibly still significant room for optimisation of the design.
These model outputs should be reviewed with an attempt made to optimise the
culverts.
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Culvert C60.18 is unnecessary based on the provided information and the upstream
inverts are 5.5 m below existing ground level. Removal of the culvert should be
considered, in conjunction with re-sizing the longitudinal drains accordingly.
Culvert C62.52 likely cannot be constructed and the currently modelled culvert has
inverts 5m below existing ground level. Removal of the culvert should be considered,
in conjunction with re-sizing the longitudinal drains accordingly.
Several culverts have slightly different details in the rail cross-drainage schedule
(Future Freight Joint Venture, January 2020) when compared to the hydraulic model.
The hydraulic model has many culverts proposed as 500 mm high when the culverts
are 600 mm high in the drainage schedule. These differences should be corrected.
Another example is C24.41, which has 2 cells in the hydraulic model but 3 cells in the
rail cross-drainage schedule. Not all culverts were checked. These tables should be
synchronised.
Several proposed culverts have a blockage applied to them. The Hydrologic and
Hydraulic Modelling Technical Guideline (Queensland Department of Transport and
Main Roads, 2019) states that flood immunity should be calculated using ARR19
blockage at new cross-drainage structures, but flood afflux (impact) should be
assessed without blockage (except for greenfield sites, where it may be appropriate
to also assess impacts under a blocked scenario). The modelling is not compliant
with these guidelines. Two scenarios should be simulated: one for immunity and
afflux in greenfield sites (with ARR19 blockage applied at cross-drainage bridges and
culverts) and one for afflux (greenfield and brownfield) and velocity (without ARR19
blockage applied at cross-drainage bridges and culverts).
Similar to the Existing Case model review (see Section 3.6.1), the 1D connection
lines between culverts and the 2D domain are fairly consistently 35 m long, which is
inappropriate for culverts significantly wider or narrower than this. The model should
be corrected such that the length of the connection lines roughly equal the width of
the culvert.
Several culverts coincide with Queensland Waterways for Waterway Barrier Works
streams. Those culverts will require barrier mitigation measures, such as lowering the
culvert cells by 300 mm. Such mitigation approaches may necessitate a
corresponding increase in culvert size to avoid adverse increases in peak water level,
so the sizes of these culverts should be checked and increased (with a
corresponding blockage applied) if required. Section 8.3.6 of Chapter 8 (Drainage) of
the FDR indicates that this process has already been completed for the culverts that
were sized in the drainage package.
Finally, ARTC should consider the use of link slabs for the RCBC culverts where
embankment heights don’t preclude them to reduce construction costs.

4.7.2

Bridges
The rail overpass bridge in Inglewood was not included in the model. It is unlikely to
have any impacts on hydraulic model outcomes. It should be confirmed that its
exclusion is acceptable by defining where the PMF extent is in relation to the
overpass.
In the blockage sensitivity scenario, no additional blockage was applied at the
proposed bridges, which is likely acceptable for such large spans on this floodplain.
This should be justified in the reporting.
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4.7.3

Safety Barriers
No safety barriers were included in the hydraulic model. It is believed that some road
safety barriers (guard rail) would be required, particularly at the Cunningham
Highway Bridge over Inland Rail in Yelarbon. These barriers should be added at the
next design stage.

4.8

Design Case Results Review

4.8.1

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a moderately large variance in the simulation timestep for at
least one event (as shown in Figure 9). It is expected that this can be attributed to the
version of the software available when modelling commenced (2018-03-AB-iSPw64). Limited testing undertaken by the Panel using the latest version of TUFLOW
(2020-10-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.

Figure 9: Design Case 1% AEP 48hr Temporal Pattern 01 HPC Timestep

4.8.2

Flood Immunity
The Hydrology and Flooding Technical Report states that the rail alignment is
immune to the 1% AEP event flood (plus 300 mm of freeboard), with only some of the
alignment flooded in a 1 in 2000 AEP event. This satisfies the flood immunity criteria
stated in Table 12.7 of Chapter 12 (Surface Water and Hydrology) of the EIS.
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4.8.3

Change in Peak Water Level
Table 7 states the flood impact objectives for the B2G section relating to change in
peak water levels for events up to and including the 1% AEP event.

Table 7: B2G Flood Impact Objectives Relating to Change in Peak Water Level
(Future Freight Joint Venture, July 2020)

The Technical Report states that for most locations along the alignment, crossdrainage was added to mitigate changes in peak water level. Near Yelarbon
however, design constraints meant that an alternative approach was required. It was
proposed to raise the existing Yelarbon levee.
At sensitive receptors, there are five houses reported to have impacts greater than
the 10 mm objective (five houses in the 2% AEP event, four houses in the 1% AEP
event). The maximum impact was 108mm, with it occurring at a house in Yelarbon
(MCD_ID_243) in the 2% AEP event. No other sensitive receptors are reported to
have increases in water level in excess of the objectives.
There are several land parcels (private properties and reserves) outside of the
proposed corridor boundary mapped showing increases in peak water level in excess
of the limits shown in Table 7 and not included as sensitive receptors. There are also
several roads, including state-controlled roads, plus part of the existing Queensland
Rail (QR) South-Western Rail Line reported to have increases in peak water level in
excess of the objectives.
In addition, the list of sensitive receptors with impacts greater than the change in
peak water level flood impact objectives does not include all dwellings in Yelarbon.
Based on Figure J4-C (5% AEP – Design Afflux – Macintyre Brook) of the Technical
Report and the provided flood model results, it appears that there are existing
habitable dwellings (that are not marked as sensitive receptors) with increases in
peak water level in excess of the 10 mm objective. This is not reported anywhere in
the EIS. A more thorough analysis should be performed, with impacts identified for
each dwelling and structure within the model extent.
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Due to the impact maps not clearly showing land parcel boundaries and the lack of
detail in the report, consideration should be given to listing impacts at each land
parcel in excess of the objectives or adjusting the mapping to clearly show land
parcel boundaries.
The draft EIS provided no detailed justification on the acceptability of these changes
in peak water level, nor explanation on why the impacts cannot reasonably be
lowered at the affected locations. It is necessary to provide justification.
Because the affected area is rural and already prone to flooding, the impacts may be
reasonable.

4.8.4

Change in Duration of Inundation
Table 8 states the flood impact objectives for the B2G section relating to change in
duration of inundation for events up to and including the 1% AEP event.

Table 8: B2G Flood Impact Objectives Relating to Change in Duration of
Inundation (Future Freight Joint Venture, July 2020)

The Technical Report identifies that the area around Yelarbon is particularly prone to
changes in duration of inundation in events up to and including the 1% AEP event.
The report does clarify that the extents of these changes are relatively small, so they
may be acceptable. No conclusions on their acceptability have been reported.
There are increases in duration of inundation reported for the Cunningham Highway,
Millmerran-Inglewood Road and Yelarbon-Keetah Road, all of which are statecontrolled roads. The Average Annual Time of Submergence (AAToS) for the
Cunningham Highway is reported to increase by up to 1.3 hours, with a maximum
increase in duration of inundation of 31.7 hours. These impacts may not be
acceptable to TMR and no conclusions on their acceptability have been reported.
There are also increases in duration of inundation along many local roads. Most of
these do not significantly change the AAToS. Railway Parade is the only local road
with an increase in AAToS in excess of 0.19 hrs/yr, with an increase of 2.52 hrs/yr
reported. Whether or not these changes are acceptable to Goondiwindi Regional
Council has not been reported.
Only the 1% AEP event has been assessed for changes in duration of inundation on
land that is not existing road or rail. It is necessary to report on the full range of flood
events from the 50% AEP event to the 1% AEP event when assessing changes in
duration of inundation on land because the frequent events may show greater
changes in duration of inundation than the rare events. Additionally, some of the
floodplain is cropland, which can be sensitive to changes in duration of inundation.
Further details should be provided.
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4.8.5

Change in Peak Velocity
Table 9 states the flood impact objectives for the B2G section relating to change in
velocity for events up to and including the 1% AEP event.

Table 9: B2G Flood Impact Objectives Relating to Change in Velocity (Future
Freight Joint Venture, July 2020)

The Technical Report is limited in its discussions on changes to flood flow
distributions and velocities. Changes are reported at two locations in Table 16.26 of
the Technical Report (+0.3 m/s change). The 1% AEP event change in peak velocity
is shown in Figure J4-J of the Technical Report.
Few locations see changes in velocity in the 1% AEP event. There are some
changes around Ch 70.00 km north of Inglewood, some changes around Ch 45.00
km at Whetstone and some changes around Yelarbon. Changes in velocity in other
design storm events should also be mapped.
The three bridges within the hydraulic model extent are reported to have a “1% AEP
Peak Outlet Velocity” of no more than 2.3 m/s, with no clarification provided for
whether they are cross-sectionally averaged or localised maximum velocities. The
Technical Report states that a conservative scour assessment has been undertaken
at the bridge sites based on available information. Further details on these
conservative bridge scour assessments were not available for review.

4.8.6

Extreme Events
Table 10 states the flood impact objectives for the B2G section relating to extreme
events.

Table 10: B2G Flood Impact Objectives Relating to Extreme Events (Future
Freight Joint Venture, July 2020)

For assessing extreme events, the 1 in 2,000 AEP, 1 in 10,000 AEP and PMF flood
events were simulated for the Design Case.
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According to the Technical Report, approximately 8km of the railway was overtopped
by 200 mm and 11 km was overtopped by 400mm in the 1 in 2000 AEP event. In the
PMF event, overtopping depths reached 3.7m between Ch 42.00 km and Ch 46.15
km.
Extreme event impacts on state-controlled roads have been tabulated in the
Technical Report. The results are similar to the events smaller than and equal to the
1% AEP event: Flood depths and durations of inundation increase on several statecontrolled roads. The acceptability these impacts and the risks that they pose have
not been discussed in the report. Further details should be provided.
Extreme event level impacts on sensitive receptors have been tabulated in the
Technical Report. The results show that peak water levels increase at many sensitive
receptors, but typically by less than 100mm. The acceptability of these impacts and
the risks that they pose have not been discussed in the report. Further details should
be provided.
No discussion has been provided on other land that is affected by extreme events.
For example, discussion on impacts on nearby cropland. Further details should be
provided.
There does not appear to be significant flow redistribution during extreme events
outside of Yelarbon. Near Yelarbon, there is significant impact resulting from the
proposed alignment. The alignment limits the flow from the Macintyre Brook
catchment into the Brigalow Creek catchment. There are some areas that, as a
result, change from wet to dry or dry to wet as a result of the works.

4.8.7

Sensitivity Modelling
Future Climate Change
Table 11 states the flood impact objectives for the B2G section relating to climate
change.

Table 11: B2G Flood Impact Objectives Relating to Climate Change (Future
Freight Joint Venture, July 2020)

The Technical Report documents ARR16 climate change impacts in the year 2090
for Representative Concentration Pathway (RCP) 8.5 at proposed structures and
sensitive receptors for only the 1% AEP event. The 2090 horizon with RCP 8.5 is the
most conservative horizon with ARR data available, which is appropriate for
assessing a piece of critical infrastructure.
The reporting indicates that the railway will not be overtopped in this scenario.
Without assessing changes in water level in other AEP events, not enough
information has been provided to fully consider the risks posed by climate change
because smaller and more frequent events may produce greater impacts due to
rainfall intensity increases than the 1% AEP event.
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It is noted that if future stages of the project are to be subject to the Infrastructure
Sustainability Council of Australia (ISCA) process to achieve a sustainability rating, it
will be difficult to achieve climate change credits if climate change induced rainfall
intensity increases are not applied to the design.

Future Land Uses
Given the nature of the catchment, it is unlikely that the fraction impervious would
significantly change and cause noticeable impacts on the design event flows. As a
result, the lack of a sensitivity assessment by FFJV against future land use is
reasonable.

Structure Blockage
As discussed in Section 4.7.1, blockage was applied to several culverts in the Design
Case, which is an approach in accordance with ARR19. The TMR Hydrologic and
Hydraulic Modelling Technical Guideline state that flood immunity should be
calculated using blockage, but flood afflux (impact) and velocities should be
assessed without blockage (the more conservative case) (see Section 4.7.1). This
guideline was not followed.
A sensitivity analysis of structure blockage was performed. According to the
Technical Report, the analysis was performed in accordance with ARR16 using
blockage factors of 0%, 25% and 50% for culverts. The 25% case was the default
Design Case, the 0% blockage applied no blockage and the 50% case doubled the
blockage from the Design Case.
No additional blockage was applied at bridges, with some justification provided.
ARR16 states that the potential for blockage needs to consider the upstream
catchment’s available debris type, dimensions, availability, transportability, structure
interaction and random chance. However, it has not been documented how the
blockage percentages were determined. This should be added to future reporting,
noting that this is only a sensitivity scenario and the results should be used to inform
the modelling approach for the Design Case.
Impacts at sensitive receptors for the 50% blockage scenario were document in the
Technical Report. The impacts were relatively minor. Whilst further details could be
provided, such as the impacts to existing roads by structure blockage, the risk has
been sufficiently documented.
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5

Local Catchments
Proposed local catchment drainage for B2G was documented in Chapter 8
(Drainage) of the B2G FDR (Future Freight Joint Venture, January 2020). The
proposed design included 97 culverts and 3 bridges between Ch 14.75 km and Ch
75.00 km. These are listed in Appendix D3 of Appendix Q2 of the EIS.
Whilst most of the local catchment structures were included in the larger flooding
hydraulic models, including Yelarbon to Inglewood, the large subcatchments of the
hydraulic model prevented assessment of the local catchment structures within that
model. Chapter 8 was reviewed to check the local catchment flooding conditions
between Ch 14.75 km and Ch 75.00 km, except for the sections that are within the
hydraulic model extents of Bybera Road, Cremascos Road or Pariagara Creek. Local
catchment conditions within those larger flood model extents are documented in their
respective reports.

5.1

Cross-Drainage
Section 8.2.3 of Chapter 8 of the FDR says that the median temporal pattern was
adopted for the assessment. As documented elsewhere in this review, for critical
infrastructure, generally the pattern above the mean/median is adopted, or some
similar method, such as TMR’s guidelines which recommend selection with a bias of
2 to those exceeding the mean (Queensland Department of Transport and Main
Roads, 2019). The temporal pattern selection method should be revised in the next
design stage.
The reported initial loss is 25 mm and the reported continuing loss is 0.5 mm/hr. This
is consistent with the local catchment inflows of the NS2B URBS model.
Section 8.2.3.2 states that comparisons were made with the Rational Method, when
the RFFE is the recommended approach in place of the Rational Method.
Comparisons to the RFFE are not documented and should be considered.
Section 8.3.4 states that a 25% blockage was applied in TUFLOW and in 12d
Dynamic Culvert Editor. The TMR Hydrologic and Hydraulic Modelling Technical
Guideline states that flood immunity should be calculated using blockage, but flood
afflux (impact) and velocity should be assessed without blockage (see Section 4.7.1).
Compliance with this guideline should be checked.
Table 76 in Chapter 8 of the FDR does not have enough decimal places, so impacts
at the sensitive receptors have been rounded. It is therefore unclear whether more
than 10 mm of impact occurs at some of the sensitive receptors. This should be
corrected.
The impact mapping appears to show compliance with all criteria for change in flood
level. Other objectives, such as change in duration of inundation and change in
velocity were not mapped, so conclusions were unable to be drawn. Tables were
provided, but those changes were inside the project boundary and mapping is better
able to represent those changes. It is requested that mapping be provided in the
Detailed Design stage.
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5.2

Diversion Drains
Two diversion drains are proposed for B2G. Neither are within this Macintyre Brook
catchment.
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6

Conclusions

6.1

Overview
A review has been completed of the Macintyre Brook – Yelarbon to Inglewood
regional flood model and reporting, plus the local catchment drainage for the same
area, for the Border to Gowrie section of the Inland Rail project.
Tables of the model review items are provided in Appendix 1. Section 6.3 presents a
summary of the key findings and identified issues.

6.2

Advice and Recommendations
Based on the review of the Macintyre Brook – Yelarbon to Inglewood model, the
following advice and recommendations are made in accordance with the Terms of
Reference for an Independent International Panel of Experts for Flood Studies of
Inland Rail in Queensland (Queensland Department of Transport and Main Roads,
June 2020).

6.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
Whilst the Macintyre Brook – Yelarbon to Inglewood model was generally developed
and applied in accordance with relevant guidelines and manuals, the review identified
a number of issues in relation to the development and application of the models that
could affect the interpretation of the Inland Rail flood impacts. The issues, and the
proposed methods for their resolution, are summarised in Section 6.3.

6.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The overall extent of the floodplain covered by the flood model is appropriate.

6.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
Whilst the method and extent of calibration is expected to be adequate, a large
amount of additional calibration data exists but was not utilised. The additional
information required with respect to the calibration is described in Table 13.

6.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
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used underpin the validation process, and the data points used in the
validation are appropriate.
No validation of the model has been undertaken for the Macintyre Brook – Yelarbon
to Inglewood model. Additional information is potentially required to fully confirm the
validation of the model. The additional information potentially required with respect to
the validation is described in Section 6.3.

6.2.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area.
At a number of locations, impacts in excess of those nominated in the Flood Impact
Objectives are obtained. There also appear to be some undocumented impacts.
While it is anticipated that an impact in excess of the objectives can be tolerated
given the current land use of the affected areas, insufficient documentation has been
supplied to the Panel to justify the impact and the reason that it is not practicable to
adopt additional mitigation measures to reduce the identified impacts.

6.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project.
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

the provision of additional documentation to the Panel; and

•

adequate response to the issues listed in Table 13.

The necessary additional documentation and sensitivity modelling is detailed in
Section 6.3.

6.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to:
•

the provision of additional documentation to the Panel; and

•

adequate response to the issues listed in Table 13.

March 17, 2021 | 43

Appendix B: Macintyre Brook - Yelarbon to Inglewood Models Review - Draft Report on Review of Border to Gowrie Section

Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

The necessary additional documentation and responses is detailed in Section 6.3. It
is noted that the modelling completed in relation to the reference design will need to
be modified as part of further design.

6.3

Summary of Findings
Table 12 presents a commentary in relation to the focus areas for the panel that were
identified in the Terms of Reference for an Independent International Panel of
Experts for Flood Studies of Inland Rail in Queensland (Queensland Department of
Transport and Main Roads, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 13.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by ARTC, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 10 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 13 to allow the relative importance of each
issue to be readily identified.
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Figure 10: Flow Chart for Resolution of Identified Issues
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Table 12: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage (e.g. reference/detailed etc.)

Yes

The extent of modelling is appropriate for the reference and design stages.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable and appropriate compared with typical
similar linear infrastructure projects

Yes

The key design criteria are reasonable and appropriate.
Assumptions

Appropriateness of model arrangements and input parameters

No

The hydrologic model configuration in its current form, with three hydrologic models used and each using different parameters, is
suboptimal and unjustified.

Appropriateness of model calibration process

No

The model calibration process excluded significant amounts of available data and ignored several large recent events despite other
Inland Rail models and other external models calibrating to those events.

Appropriate application of input data (including addressing data gaps)

AIR4

Subject to the provision of additional documentation and sensitivity modelling, input data is generally appropriately applied.

Assumptions around land-use (crops etc.)

AIR4

Acceptable assumptions have been made in regard to land-use (subject to sensitivity testing identified with respect to application).

Appropriateness of blockage/debris assumptions

Yes

Sensitivity testing showed that immunity and impact are insensitive to blockage and debris assumptions.

Appropriateness of future events application, e.g. climate change

AIR4

The application as a sensitivity only is appropriate, subject to ISCA requirements.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
Application

Appropriate sensitivity analysis to various items e.g. flow inputs, coefficients

AIR4

Additional sensitivity assessment is required in relation to several items.

Appropriateness of change indicators

AIR4

Change indicators are generally appropriate, although a more quantitative approach to changes in velocity and duration of inundation
would be of benefit for the interpretation of results.

Appropriateness of structure and embankment representation (depending on the stage of the design)

No

Several aspects of the structure implementation are poor and likely to result in an inaccurate set of results.

Flood frequency analysis

No

The reported flood frequency analysis results are not consistent with previous analyses or the TUFLOW model. An FFA by the Panel
could not replicate those results, but it did match previous analyses. The TUFLOW model does not match either historical or the
FFJV’s FFA well, indicating than an issue may exist in the hydrologic/hydraulic model.
Interpretation

4

Achievement of Design Objectives

No

The Design Objectives have been achieved in some instances, though there are several impacts that are greater than the objectives.
Several properties, including dwellings, do not have their impacts reported.

Appropriateness of relevant sensitivity analysis

AIR4

The sensitivity assessment completed with respect to blockage and climate change are appropriate, though additional clarification of
impacts in blockage events is required.

Confirm Inland Rail-related flood impacts, if any, are comprehensively quantified and interpreted to their
local property context

No

While impacts are quantified in most instances, there are some impacts that are not identified and the quantification that does exist is
vague and does not clearly identify each property and dwelling on the maps. Landowners would struggle to identify impacts to their
property from the information that has been reported/mapped.

Appropriateness of the alignment, with regard the related flood impacts, within the current EIS Study
Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

AIR stands for Additional Information Required (as summarised in Table 13) in order to confirm that the focus issue is satisfied.
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Focus Issue

Satisfied?

Comment

Consider whether reasonable and practical steps have been taken to mitigate flood impacts, if any,
outside of the project boundary

AIR4

Insufficient information has been provided to the Panel in relation to the efficacy of the adopted mitigation measures and the
justification for additional mitigation not being required and or practicable.

Additional information that would be required to be addressed in the Detailed Design phase of the
program

Yes

It will be necessary to complete additional sensitivity analyses and to refine the models in the detailed design phase.
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Table 13: Summary of Identified Issues
Item No.

Item/Issue

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

2 (all)

The use of three hydrologic models in a
single hydraulic model, which is not standard
practice, means that the parameters used to
derive the inflows to the hydraulic model are
not consistent, possibly causing inaccurate
results.

The reported impacts and rail immunity
may not be correct.

High

The approach is non-standard and likely
results in incorrect hydraulic results.

2.1

Flow paths, peak flood levels and peak
velocities downstream of the Booba Sands
DNRM gauge may not be properly
represented.

The reported impacts and rail immunity
may not be correct at and downstream of
Yelarbon.

Medium

Normally High, but because the regional
inflows will dominate the flooding, it is
unlikely to significantly affect outcomes.

1.3.1, 5

Inclusion of local catchment flows allows for
better definition of flow paths and accounts
for the interaction of local catchment flows
with the regional catchment levels.

Lumping of the flows into Macintyre Brook
potentially causes local catchment flow
paths and impacts to be unreported. There
is also no evidence of regional catchment
levels being applied as downstream
boundary conditions in the local catchment
models.

Low

The model primarily assesses regional
flooding, with other hydraulic models used to
assess local catchment flooding.

2.3.1

Calibration to several historical events of
varying magnitude are necessary to ensure
model reliability and to provide confidence in
design storm event flow estimates.

Without modelling additional events to
validate or further calibrate the model,
certainty in model results is unnecessarily
lower than it should be.

Very High

At a minimum, it is expected that the events
that were assessed for previous hydrologic
models, including the NS2B hydrologic
model, would be assessed in these models.
One event is insufficient when there is
available data, especially for more recent
flooding.

2.3.2

The calibration that was performed was to
one gauge for one event, despite there being
ample data to calibrate to more stream
gauges. The calibration may not be
acceptable.

Without calibrating to all available data for
the adopted historical events, certainty in
the model results is unnecessarily lower
than it should be.

Very High

Calibration to one gauge, when many more
gauges were available, reduces certainty in
the calibration unnecessarily.

Assumptions

Y1

Three hydrologic models were
adopted for the Yelarbon to
Inglewood hydraulic model.

Y2

Subcatchments downstream of the
DNRM Booba Sands gauge
(416415A) (subcatchments 44 and
45) were not discussed in the
Technical Report in high detail,
meaning that the lower portion of the
Macintyre Brook catchment may not
have been properly included in the
NS2B URBS Macintyre Brook model
and subsequently not included in the
TUFLOW model accurately.

Y3

Local catchment flows were
generally not included within the
hydraulic model as separate inflows.
They were lumped together with
larger catchment flows instead.

Y4

Fewer historical event calibrations
were performed than previous
studies for this catchment and this is
despite there being historical data
available for many events.

Y5

Historical stream gauge data was
not utilised in the hydrologic or
hydraulic modelling calibration
process except for at one gauge.
There are six more DNRM stream
gauges within the catchment known
to have data for the 1976 flood event
that can be used for calibration
purposes. There are also four more
DNRM gauges that can be used for
some other storm events, plus some
BoM gauges that may be suitable.
Note that hydraulic model(s) would
be required for some gauges to
derive rating curves.
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Item No.

Y6

Item/Issue

The rating curve at the DNRM
stream gauge 416402B/C has not
been verified with a hydraulic model.

Y7

Insufficient details were provided for
adopted historical rainfall data.

Y8

Design storm events in the
hydrologic models assumed that
Coolmunda Dam was at full supply
level.

Y9

The adopted storage-discharge
relationships of Coolmunda Dam in
the two Macintyre Brook hydrologic
models do not match each other,
and they were not verified against
the SunWater level-discharge
relationship.

Y10

The routing parameters of the
adopted NS2B and Inglewood Flood
Study URBS models were different,
with the alpha parameter of the
Inglewood Flood Study being outside
of the "normal" range. Additionally,
the adopted NS2B URBS model
differed from the actual NS2B URBS
model.

Y11

The Inglewood Flood Study URBS
model has channel slope (Sc) values
written within the catchment (.cat)
file, but they were not activated
because the "USES" command did
not activate it.

Y12

The rainfall losses of the two
hydrologic models were not
consistent. The Dumaresq River
model, which was not provided to
the Panel, may also have different
rainfall losses.

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

2.3.2, 3.7

Rating curves are commonly inaccurate for
high flow rate events due to a lack of
gauging, which is why verification of the
rating curve using a small and detailed 2D
hydraulic model is desirable for all adopted
stream gauges.

Whilst Figure 7 and Figure 8 show that the
hydraulic model matches the estimated
flow rate and levels fairly well, there is a
slight inconsistency between the match to
the flows and the match to the levels
around the peak. Improving this match
with a new rating curve could enable a
better calibration to occur.

Low

The current calibration for levels and flows is
relatively good and the check can be
performed in later design stages for this
gauge. The other gauges within the
catchment may require checks prior to the
next stage, depending on the response to
item B7.

2.3.3

The reporting on adopted rainfall data is
inconsistent with the provided models. There
are other BoM rainfall gauges within the
catchment, but no discussion was included
justifying their exclusion from the hydrologic
models.

The rainfall that was adopted for the
calibration event hydrologic models may
be for incorrect gauges or may not be
utilising some gauges that have data
available. This reduces the confidence in
the hydrologic model calibration.

Medium

Incorrect rainfall data within the hydrologic
models could be producing a false calibration
result, so clarification is required.

2.3.5

The assumption means that the dam
provides less storage for mitigation of flood
peaks, which is unlikely to be true for
frequent storm events.

The flood levels for frequent storm events
could be over-estimated, which is a
conservative approach for flood levels and
discharges but may prevent proper
assessment of changes in peak water
level or velocity in small events.

Medium

Clarification is required whether the
assumption of dam level is reasonable for all
design events.

2.3.5

Coolmunda Dam captures a significant part
of the Macintyre Brook catchment, so an
accurate storage-discharge relationship is
crucial to correctly estimating peak flow
rates, particularly in Inglewood.

An incorrect storage-discharge relationship
could result in incorrect discharge
estimates from Coolmunda Dam,
potentially making design flood event and
calibration event model results inaccurate.

Medium

Clarification is required to prove that the
Inglewood Flood Study hydrologic model
correctly includes the SunWater
level/storage/discharge relationship.

2.3.6

The parameters affect the shape of the
hydrographs derived using the hydrologic
models.

Incorrect parameters could result in
incorrect design storm event flow
hydrographs. The design could possibly
have a different flood immunity or
better/worse hydraulic impacts than is
currently reported.

High

Sensitivity modelling should occur to check
the adopted parameters and reconcile the
differences.

2.3.6

The channel slopes are a key URBS model
parameter for determining the translation and
attenuation of hydrographs from one
subcatchment node to another.

The hydrographs of the hydrologic model
could be incorrect if the incorrect channel
slopes were adopted. The design of the
infrastructure may be under/over-designed
as a result.

Medium

Clarification required over the accuracy of the
adopted channel slopes.

High

The approach is non-standard and may result
in incorrect hydraulic results. Sensitivity
modelling should be performed to identify the
effects of using inconsistent losses, or the
losses should be synchronised between the
models. Losses should be reconciled using
additional stream gauge data (see item Y6).

2.3.7, 2.5.3

The use of different rainfall losses is atypical
and requires justification or correction.

The flood peaks may be incorrectly lower
or higher than they should be for
calibration and or design events.
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Item No.

Item/Issue

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

Y13

Some hydraulic controls, such as
roads and railways, were not
enforced within the Existing Case
hydraulic model. For those that were
enforced, it is unclear if better than
5m resolution data was used to
define the hydraulic control (e.g.
LiDAR point cloud).

3.3

Enforcement of the key topographic features
ensures that the model correctly assesses
flows over/around roads, railways and other
features.

The impact assessment results could be
different as a result of this item.

High

A sensitivity assessment should be
performed to identify whether enforcing the
remaining hydraulic controls affects the
design.

Y14

The spatial delineation of roughness
was poor in some locations,
particularly around Macintyre Brook.

3.4

The roughness delineation is a key
component of the hydraulic model.
Inaccuracies in that delineation can result in
improper results.

The flood levels near the proposed
alignment could be inaccurate.

High

The sensitivity of the model to roughness
changes is not known, so corrections should
be made to determine whether the reported
findings of the EIS change.

Y15

Inflow boundaries near the model
boundary were applied as sourcearea polygons instead of dischargetime inflow lines, which means that
they entered the model with zero
velocity. The boundaries are,
however, generally a reasonable
distance from the proposed
alignment. These boundaries
resulted in water flowing somewhat
upstream.

3.5

Excluding velocity from the inflows may
result in inaccurate flow distributions or
velocities near the inflow locations, which
includes Inglewood township.

The peak flood levels near the proposed
alignment may be somewhat affected. The
calibration results may also be affected.

High

The levels and velocities, particularly near
the inflow locations, may be inaccurate.
Some of these inflows are fairly close to
Inglewood, which is where the single adopted
calibration gauge is located.

Y16

Inflow_39 and Inflow_43 are located
within local catchments, rather than
within Macintyre Brook.

3.5

Placement of the inflow locations should
reflect the hydrologic model's flow output
locations.

The flow rates in the regional model near
Cremascos Road are inaccurate. Inflow 43
is sufficiently far from the alignment that it
is unlikely to alter flood levels or velocities
at the alignment.

High

The placement is incorrect, so sensitivity
modelling should be used to determine
whether model outcomes change when
placed correctly.

Y170

Some inflow boundary locations
differ between the calibration and the
design storm event models.

3.5

Placement of the model inflows should be
identical for calibration and design storm
event models because the model was
calibrated for the inflows being at those
locations.

The flood levels around Inglewood could
be affected due to the inflow being placed
closer to the township.

High

Sensitivity modelling should be used to
determine whether there are any significant
differences resulting from the different
placement.

Y18

The Dumaresq River inflows of the
hydraulic model were scaled by a
factor of 0.7 and there is no mention
in the B2G report that the Dumaresq
River URBS model was used in the
Yelarbon to Inglewood models.

3.5

The NS2B package provides an explanation
for the factor, though it is a weak justification.
The explanation of the factor should be
added to the B2G report and the B2G report
should at least mention that Dumaresq River
inflows were added to the Yelarbon to
Inglewood hydraulic model.

It is likely that there are no direct impacts,
but indirect impacts from using a third
hydrologic model (that may use different
hydrologic parameters) may exist.

Medium

Clarification should be added to the B2G
report.

Y19

The bridge form loss and blockage
parameters are not consistent with
the TMR Technical Guideline on
Hydrologic and Hydraulic Modelling
for existing and proposed bridges
and no explanation was provided for
how they were derived.

3.6.2

The loss parameters affect the flood levels
and velocities at bridges.

The use of different parameters may alter
the hydraulics at bridges, affecting peak
water levels and velocities near the
alignment.

Medium

Clarification is required to determine the
acceptability of the parameters.

Y20

Safety barriers were not added to
the hydraulic model, specifically not
at road overpasses

3.6.3, 4.7.3

Safety barriers have an influence on water
levels in their vicinity and are sensitive to
debris blockage.

Whilst safety barrier is scarce in this area,
there is a possibility of it affecting flood
levels near the alignment.

Low

Normally high, but there are not many
locations with safety barriers within the model
extent and addition of the barriers is unlikely
to change any design outcomes.
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Item No.

Item/Issue

Y21

The hydraulic model roughness was
left unchanged between the Existing
Case hydraulic model and the
Design Case hydraulic model

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

4.5

Roughness in the hydraulic model directly
affects water levels and velocities. Incorrect
roughness can result in incorrect levels and
velocities.

The levels and velocities near the rail
alignment may be inaccurate.

Low

Normally high, but the approach is
reasonable for an EIS. It should be updated
in future design stages.

Application

Y22

The distribution of the critical
duration along the alignment was not
described, so it is unclear if the
critical duration changes across the
approximately 60km long model.

3.8.1

Adoption of the correct critical duration is
crucial for determining peak flood levels and
impacts.

The immunity may be lower than reported
or the impacts may be higher than
reported.

Medium

Clarification is required around the critical
duration.

Y23

The reported flood frequency
analysis results show a poor match
to previous FFAs and the adopted
TUFLOW model.

2.7.1

The reported FFA appears to be incorrect
and the URBS models poorly adjusted to
match those FFA results.

The peak flow rates may be incorrect,
possibly meaning that the infrastructure is
under/over-designed as a result.

Very High

The reported results are inconsistent with
previous results, the TUFLOW model and the
checks performed by the Panel.

Y24

The flood frequency analysis was
only performed at one stream gauge,
despite several other stream gauges
having data available.

2.7.1

A single FFA may not represent the design
event hydrology of the catchment well.

Without calculating the FFA at all stream
gauges of sufficient record, there is lower
certainty in design storm event results.

High

The adopted gauge does have a long stream
record, but its accuracy is limited by the
rating curve. Assessing multiple gauges
reduces the risk.

3.1

The latest TUFLOW HPC engine contains
many significant improvements and it has
been benchmarked better than the 2018
version of HPC.

The change in the hydraulic model solver
could result in slightly different peak water
levels, velocities and discharges.

Low

Normally high because the latest version
contains several significant improvements in
accuracy, but because the adopted version
was the latest at the time of the modelling, it
is reasonable. It should, however, be updated
in the next design stage.

Flood levels at culverts could be artificially
high or low.

High

Sensitivity modelling is required to determine
whether the incorrect placement and sizing of
connection lines affects the sizing of the
culverts.

Y25

The adopted TUFLOW HPC engine
was not the latest version

Y26

Culvert 1D/2D connection lines are
coarsely located and oftentimes far
longer than the culvert opening
width.

3.6.1

Coarsely placed connection lines may
prevent a proper calculation of culvert flows
and using connection lines far longer than
the culvert opening can artificially increase
the flow through the culvert.

Y27

Not all culverts and bridges were
included in the hydraulic model.

3.6.1, 3.6.2, 4.7.2

Bridges and culverts alter flow behaviours
and are a critical component of hydraulic
modelling.

The flood levels at the proposed alignment
could change if the missing structures are
added to the hydraulic model.

High

Sensitivity modelling is required to determine
whether failing to include these structures
results in different design outcomes.

Y28

Several culvert loss parameters are
non-standard.

3.6.1

Loss parameters for culverts affect their
conveyance capabilities.

Flood levels near some culverts could be
incorrect.

Medium

Clarification is required to determine whether
the non-standard parameters are justified.

Y29

The proposed culverts in the
hydraulic model do not always match
what was reported upon in Section 8
(Drainage) of the Feasibility Design
Report.

4.7.1

The culverts affect conveyance through
embankments, including the proposed rail
alignment.

The levels and velocities near the rail
alignment may not properly represent the
design that was reported upon in the FDR.

High

The impacts of using the culvert sizes and
locations reported upon in the Drainage
section of the FDR should be understood.

Y30

Large 1D culverts are schematised
incorrectly

4.7.1

The reported discharges, levels and
velocities of these culverts are incorrect.

The sizing needs to be re-evaluated for
immunity and impact.

High

Sensitivity modelling should be performed to
determine the effects of adopting correct
schematisation.

Y31

Many culverts are abnormally large
and not flowing at 100% of capacity,
indicating potentially incorrect
modelling.

4.7.1

Additional unnecessary culverts result in
increased project costs.

The cost of the project may be artificially
high.

Low

Over-dimensioned culverts contribute only to
cost.
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Item No.

Item/Issue

Y32

The implementation of structure
blockage within the hydraulic model
was not in accordance with the TMR
Hydrologic and Hydraulic Modelling
Technical Guideline. 25% blockage
was applied to some structures,
though blockage usually varies by
AEP and opening size.

Reference Section

4.8.7

Relevance to Assessment

Impact on Design

Blockage of hydraulic structures is important
to understand the impact sensitivity of the
design, in addition to the effects it could have
on the immunity of the alignment.

The reported impacts may be different if
the TMR guideline was adopted. Immunity
may remain unchanged due to some
structures already adopting blockage
factors.

Level of Importance

Reason for Adopted Level of Importance

Low

Sensitivity modelling was already performed
and even though it didn’t vary by AEP and
opening width, it showed that the design was
relatively insensitive to blockage.
Consideration should be given to following
the TMR guideline in the next design stage,
since it was released after this stage started.

Very High

All impacts should be reported in the EIS.

Interpretation

Y33

Some increases in flood level were
not reported upon, both at private
properties and buildings.

Y34

Some flood level increases were
significant and in excess of the flood
impact objectives, with no
conclusions drawn about their
acceptability and why further
mitigation was not possible.

All changes in flood level must be reported.

The design may not sufficiently mitigate
flood impacts.

4.8.3

Flood impact objectives were not met.

The design may not mitigate increases in
flood level sufficiently to satisfy
stakeholder requirements.

Medium

Clarification is required around the
acceptability of these impacts, because
insufficient evidence was provided in the EIS
to justify those impacts.

Y35

Increases in duration of inundation
are reported on local and statecontrolled roads, with no conclusions
drawn as to their acceptability to
Council and TMR.

4.8.4

Impacts must be acceptable.

The design may not sufficiently mitigate
impacts to roads.

Medium

Clarification is required around whether those
impacts are acceptable to stakeholders,
Council and TMR in particular.

Y36

Only the 1% AEP change in duration
of inundation was reported, which is
insufficient to draw conclusions on
change in duration of inundation to
stakeholders.

4.8.4

Impacts must be acceptable.

The design may not sufficiently mitigate
changes in duration of inundation,
particularly for frequent events.

Medium

Clarification is required around whether the
other AEP events cause larger changes in
duration of inundation.

Y37

Insufficient information has been
provided to draw conclusions around
changes in velocity.

4.8.5

Impacts must be acceptable.

The design may not sufficiently mitigate
changes in velocity.

Medium

Clarification is required around whether the
other AEP events cause larger changes in
velocity.
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Appendix 1 Model Review Summary Tables
Table 14: Hydrological Model Review Summary
Item No.

Description

Checked?

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results
be reproduced

Yes

Section 2

3h

Catchment extent

Yes

Section 1.2

4h

Sub-catchment delineation

Yes

Section 2.2

5h

Model catchment areas

Yes

Section 2.2

6h

Catchment Parameters (e.g. slope,
roughness etc.)

Yes

Section 2.3

7h

Adopted Parameters - routing

Yes

Section 2.3.6

8h

Adopted Parameters - losses

Yes

Section 2.3.7

9h

Adopted Parameters - runoff
coefficient

Yes

Section 2.3.6

Design Representation
1d

Sub-catchment changes to represent
design

Yes

No changed made and not required
for this linear infrastructure model.

2d

Model parameter changes to represent
design

Yes

No changes made and not required
for this linear infrastructure model.

Flood Frequency Analysis
1f

Gauge records available

Yes

Section 2.7

2f

Gauge record length suitable for FFA

Yes

Section 2.7

3f

Compare design flow estimates to FFA

Yes

Section 2.7

4f

Annual Maximum Series

Yes

Section 2.7

5f

Number of years input to FFA
calculation

Yes

Section 2.7

6f

Historical events

Yes

Section 2.7

7f

Censoring and filters

Yes

Section 2.7

8f

Probability distribution

Yes

Section 2.7

9f

Low flow filtering

Yes

Section 2.7
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Item No.

Description

Checked?

Additional Information

Calibration
1c

Model Calibration/Validation

Yes

Section 3.7

2c

Calibration data

Yes

Section 3.7

3c

Calibration events and magnitude

Yes

Section 3.7

4c

Review rating curves

Yes

Section 3.7

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Section 2.5-2.7

2a

Use of ARR 2016/2019

Yes

Section 2.5

3a

Critical duration

Yes

Section 3.8.1

4a

Mean temporal pattern selection

Yes

Section 3.8.1

5a

IFD rainfall data

Yes

Section 2.5.2

6a

Temporal pattern zone

Yes

Section 2.5.2

7a

Areal varied patterns

Yes

Section 2.5

8a

Areal reduction factors

Yes

Section 2.5

9a

Design rainfall losses - Calibration
events

Yes

Section 2.3.7

10a

Design rainfall losses - ARR data hub

Yes

Section 2.5.3

Alternative Validation Method
1am

Alternative validation method used
FFA/RFFE

Yes

Section 2.7

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.7

3am

Is the RFFE appropriate for the
catchment

Yes

Section 2.7

54 | March 17, 2021

Appendix B: Macintyre Brook - Yelarbon to Inglewood Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Table 15: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can
results be reproduced

Yes

Section 3.1

3h

Model extent

Yes

Section 3.2

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.5

Control
1c

TUFLOW run log

No

Not provided

2c

TUFLOW Version

Yes

Section 3.1

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

Adaptive

5c

Materials/roughness definition

Yes

Section 3.4

6c

TUFLOW Materials File

Yes

Section 3.4

7c

Direct Rainfall - Losses

N/A

Lumped inflows adopted

Calibration
1c

Model Calibration/Validation

Yes

Section 3.7

2c

Calibration data

Yes

Section 3.7

3c

Calibration events and
magnitude

Yes

Section 3.7

Events and Scenarios
Events and Scenarios

Yes

Section 3.8

1% AEP

Yes

Section 3.8

Climate change

Yes

Section 4.8.7

Blockage

Yes

Section 4.8.7

Extreme events

Yes

Section 4.8.6

Other sensitivity assessments

Yes

Section 4.8.7

2e

Start and end times

Yes

No issues identified

3e

Initial conditions

Yes

None used and not required

1e
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Item No.

Description

Checked

Additional Information

4e

Event text

Yes

No issues identified

5e

Scenarios and variables

Yes

No issues identified

Boundary Conditions
1b

Inflow location

Yes

Section 3.5

2b

Inflow values

Yes

Section 3.5

3b

Boundaries

Yes

Section 3.5

4b

Direct rainfall volume check

NA

Lumped inflows adopted

5b

1D connection type

Yes

Section 3.6.1

6b

1D connections

Yes

Section 3.6.1

7b

Channel connections

N/A

No 1D channels adopted

8b

Active cells

Yes

Section 3.2

Geometry
1g

Cell orientation

Yes

Section 3.2

2g

2D active cells

Yes

Section 3.2

3g

Model extent

Yes

Section 3.2

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

Section 3.4

6g

Elevation raster check

Yes

Section 3.3

7g

Bridge representation

Yes

Section 3.6.2

8g

Breaklines

Yes

Section 3.3

9g

Topographic modifications

Yes

Section 3.3

1D Network – Existing
1e

1D input check

Yes

Section 3.6.1

2e

Cover check

No

Refer to the FDR

3e

1D continuity

Yes

Section 3.6.1

4e

1D locations & sizing

Yes

Section 3.6.1

5e

1D losses

Yes

Section 3.6.1

6e

1D blockage

Yes

Section 3.6.1

7e

1D connection type

Yes

Section 3.6.1
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Item No.

Description

Checked

Additional Information

8e

1d connection grid cell check

Yes

Section 3.6.1

9e

1d network invert levels & outlet
check

Yes

Section 3.6.1

10e

Channel selection

N/A

11e

No. cross-sections

N/A

12e

Channel representation

N/A

13e

Channel input values

N/A

14e

1D IWL

N/A
Design Representation

1d

1D locations & sizing

Yes

Section 4.7.1

2d

1D input check

Yes

Section 4.7.1

3d

Cover check

Yes

Section 4.7.1, noting that only some
culverts were checked

4d

1D continuity

Yes

Section 4.7.1

5d

1D blockage

Yes

Section 4.7.1

6d

1D connection type

Yes

Section 4.7.1

7d

1d connection grid cell check

Yes

Section 4.7.1

8d

1d network invert levels & outlet

Yes

Section 4.7.1

9d

Bridge representation

Yes

Section 4.7.2

10d

Topographic modifications

Yes

Section 4.4

11d

Design criteria flood level
impacts

Yes

Section 4.8.3

12d

Design criteria duration of
flooding impacts

Yes

Section 4.8.4

13d

Design criteria hazard category
impacts

No

Not assessed by FFJV in detail

14d

Design criteria velocity and flow
direction impacts

Yes

Section 4.8.5

Results
1r

Can results be replicated

Yes

No issues identified

3r

Review negative depths

Yes

None identified

4r

Review timestep outputs for
HPC

Yes

Section 4.8.1
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Item No.

Description

Checked

Additional Information

5r

Check raster outputs for
irregularities

Yes

Section 4.8

6r

Check .csv outputs for culverts

Yes

Section 4.8
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Macintyre Brook – Cremascos Road completed by the Future Freight Joint Venture
(FFJV) in support of the draft Environmental Impact Statement (EIS) and Feasibility
Design Report (FDR) for the Border to Gowrie (B2G) section of the Inland Rail
Project.
A summary of the issues identified in the review is provided in Section 7.3. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the catchment of the unnamed tributary of Macintyre Brook near
Cremascos Road.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Goondiwindi Regional Council local government
area.
Within that hydraulic model extent, the proposed design includes one bridge (310BR03 UT1 Macintyre Brook) and no culverts. The bridge is listed in Appendix D3 of
Chapter 8 of the Feasibility Design Report (Future Freight Joint Venture, January
2020).
Note that the catchment area of the hydrologic model is 56.6 km2, which is below the
100 km2 threshold for designation as a “major” catchment by the FFJV. This

March 17, 2021 | 1

Appendix C: Macintyre Brook - Cremascos Road Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

catchment is a moderate catchment. Section 8.2.1 of the FDR clarifies that for the
B2G package, unlike the other packages, both the major and the moderate
catchments are modelled as regional models.
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Figure 1: Macintyre Brook – Cremascos Road Catchment Extent (Future Freight Joint Venture, July 2020)
March 17, 2021 | 3

Appendix C: Macintyre Brook - Cremascos Road Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.
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1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed four relevant
previous studies that were coincident with the Macintyre Brook – Cremascos Road
study area:
•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Inland Rail North Star to NSW/QLD Border, Appendix H – Hydrology and
Flooding Technical Report. (Future Freight Joint Venture, May 2020)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

•

Inland Rail North Star to NSW/QLD Border, Hydrologic Modelling Illabo to
Stockingbingal and North Star to Yelarbon. (SMEC, 2016)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately 12 km upstream of the Cremascos Road hydrologic and hydraulic
models, so it is not particularly relevant. The Inglewood Flood Study used ARR87
hydrology. A flood frequency analysis was performed in that study at the Inglewood
gauge (presumably DNRM gauge 416402).
The North Star to Border Phase 2 study (Future Freight Joint Venture, May 2020)
based the hydrologic and hydraulic models on those used for the Floodplain
Management Plan for the Border River Valley Floodplain (WSP, 2016). The model
was calibrated to several events, though not in detail near the Cremascos Road area.
This model developed design hydrology using Australian Rainfall and Runoff 2016
(ARR16).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Macintyre Brook –
Cremascos Road section of B2G between Ch 52.15 km and Ch 53.15 km.
Specifically, the Cremascos Road URBS models and the Cremascos Road TUFLOW
model.
There were no local catchment TUFLOW models between Ch 52.15 km and Ch
53.15 km from the drainage section of the FDR (Future Freight Joint Venture,
January 2020).

March 17, 2021 | 5

Appendix C: Macintyre Brook - Cremascos Road Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

2

Hydrologic Model Review

2.1

Overview
The hydrologic modelling for Macintyre Brook – Cremascos Road was undertaken
using URBS. URBS is a rainfall runoff and routing hydrologic modelling software
package. It has been under development for the past 15 years and is one of the
preferred software packages for operational flood forecasting throughout Australasia.
URBS was recently revised to improve the integration of the 2016/2019 editions of
Australian Rainfall and Runoff, the industry’s guidelines for rainfall and runoff
analysis. URBS is a suitable tool for assessing the hydrologic processes across this
tributary of Macintyre Brook for design storm events.
The URBS model for the Cremascos Road section (Ch 52.15 km – Ch 53.15 km) was
not calibrated to historical events because no historical data was available for use in
the catchment.
No other Macintyre Brook subcatchments were included within the hydrologic model
because regional flows were calculated as part of the Macintyre Brook – Yelarbon to
Inglewood models.

2.2

Catchment Delineation
The previous Figure 1 shows the delineation of the subcatchments for the Macintyre
Brook – Cremascos Road hydrologic model. The subcatchments are of relatively
equal and reasonable size.
A small proportion of the contributing catchment once the Inland Rail embankment is
in place appears to have been excluded from the hydrologic model. This area is
shown in Figure 2. Excluding the area is unlikely to alter hydraulic outcomes, but it
should be corrected in future design stages for a design case hydrologic model.

Figure 2: Missing Catchment Area from the Cremascos Hydrologic Model
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No changes were made to the subcatchment delineation to represent the developed
conditions, which is acceptable in this instance.

2.3

Design Storm Event Model Inputs

2.3.1

Overview
Design storm event rainfall for the Cremascos Road hydrologic model was developed
using the ARR16 guidelines.
The following sections document the findings of the model inputs.

2.3.2

Runoff and Routing Parameters
For the hydrologic model, the routing parameters shown in Table 1 were adopted.

Table 1: Primary Routing Parameters of the Hydrologic Models
Parameter

Description

URBS Model Value

Model Type

URBS model type

Split

alpha

Storage/channel lag parameter

1.2

m

Catchment non-linearity parameter

0.8

beta

Catchment lag parameter

0.0

x

Muskingum translation parameter

1.0

n

Channel roughness (Manning’s ‘n’)

1.0

All parameters are in the “typical” range specified in the URBS manual (Carroll,
2012), except for the alpha and beta parameters. The typical alpha range is 0.1-0.3
and the typical beta range is 1.0 to 9.0. An alpha value of 1.2 is far outside of that
range and a beta value of 0 is outside of the typical range.
These parameters were adjusted for peak flow to the Quantile Regression Technique
(QRT) and the Regional Flood Frequency Estimate (RFFE), however were not
compared against the Inglewood Flood Study or North Star to Border Flood Study to
determine if they were consistent. These values should be investigated and changed
or justified.
The adopted channel routing lengths are reasonable.

2.3.3

Rainfall Data
The model used ARR16 IFD data from the Bureau of Meteorology’s (BoM) website,
plus temporal pattern data from the ARR Data Hub for the Central Slopes area.
The adopted IFD data in the URBS model varies by subcatchment, which is an
acceptable approach.
The areal reduction factor (ARF) calculations of the URBS model used an area of
56.6 km2 for the calculation, which is acceptable.
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2.3.4

Rainfall Losses
The adopted initial loss was 15 mm and the adopted continuing loss was 1 mm/hr.
These losses are consistent with the Inglewood Flood Study, which is an acceptable
approach.

2.3.1

Climate Change
It was noted in the technical report that ARR16 was used. Predicted changes to
rainfall intensities due to climate change were updated in ARR19. Whilst the
Technical Report states that a 23.9% increase in rainfall intensity was adopted in the
hydrologic models for the sensitivity assessment, the provided model shows that a
22.8% increase was adopted (2090 RCP 8.5). The ARR19 predicted increase is
22.8%.

2.4

Design Storm Event Model Results

2.4.1

Overall
The design storm event flows were compared to QRT and RFFE peak flow rates to
check that the peak flows were similar. The alpha parameter was adjusted until a
reasonable match was achieved (Future Freight Joint Venture, July 2020). Figure 3
shows the match between the three datasets.

Figure 3: Comparison of RFFE, QRT and Median URBS Design Event Peak
Flows (Future Freight Joint Venture, July 2020)
Figure 3 shows that the frequent event peak flow rates may be overestimated, whilst
the extreme event peak flow rates may be underestimated. Whilst the match between
the RFFE, QRT and URBS results for the 1% AEP event is good, the mis-match for
frequent and extreme events should not be ignored. Further efforts should be made
to better match the other AEP events using the alpha and beta parameters of URBS.
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Whilst the design storm event URBS models were run for a wide range of AEP
events (20% to PMF), the 50% AEP event should also be considered and or
simulated to identify whether any impacts occur in small flood events if the tributary is
shown to exhibit significant overbank flows.

2.4.2

Temporal Pattern and Critical Duration Assessment
The TMR Technical Guideline on Hydrologic and Hydraulic Modelling (Queensland
Department of Transport and Main Roads, 2019) states that “the critical temporal
pattern at each location under consideration is defined as the temporal pattern that
results in a peak flow rate that is closest to the mean flow rate with a bias of 2 to
those exceeding the mean”. ARR19 has slightly different guidance but selecting the
temporal pattern above the mean or the median is a typical approach.
The Technical Report (Section 18.4.1) (Future Freight Joint Venture, July 2020)
describes that the duration with the highest median flow of the ten temporal patterns
was adopted. This aligns with the ARR19 typical approach. Consideration should be
given to the TMR methodology during the Detailed Design to determine whether
cross-drainage would need to change to satisfy the TMR methodology.
For identifying the critical duration for each AEP event, all durations for all AEPs
between the 20% AEP event and the PMF event were simulated. Whichever duration
resulted in the (median) peak flow rate for a given AEP was the critical duration (see
Section 18.4.1 of the Technical Report). The 1 in 10,000 and PMF events adopted a
PMP Temporal Pattern. Table 2 shows the reported critical durations and temporal
patterns. Note that the reported peak flows in Table 2 do not match the peak flows
shown in Figure 3, which should be corrected by the FFJV.
An assessment of critical durations and temporal patterns by the Panel identified that
all AEP events had the critical durations and temporal patterns adopted that were in
line with ARR19 typical approach.

Table 2: Reported Critical Durations and Temporal Patterns (Future Freight
Joint Venture, July 2020)

2.4.3

Climate Change
Climate change rainfall intensity increases were applied to the hydrologic model to
undertake sensitivity assessment of the hydraulic model.
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3

Existing Case Hydraulic Model Review

3.1

Overview
The Macintyre Brook – Cremascos Road hydraulic model was built using the 1D/2D
(one-dimensional/two-dimensional) hydrodynamic modelling package TUFLOW
(version 2017-09-AC-iSP-w64). The Heavily Parallelised Compute (HPC) solver was
adopted for this model. The 2D solver is an explicit solution of the full 2D shallow
water equations, including sub-grid scale eddy viscosity.
The scheme is volume and momentum conserving, is second order spatially and
fourth order in time. The 2D solver is dynamically linked with TUFLOW’s 1D solver
named ESTRY, which provides full 1D pit, pipe, culvert and open channel
functionality.
The TUFLOW version that was adopted was the latest at the time, but it is not the
latest version at the time of this review. The latest version, 2020-10-AA, contains
significant improvements to the HPC solver. The 2020 solver validates far better to
industry benchmark models and contains several useful features. Because of the
better validation of the solver, the 2020 version should be used for all TUFLOW
models in the Detailed Design stage. Note that a technical note (2-3100-310-IHY-10TN-00011_1) was provided to the Panel by the FFJVconfirming that the latest
TUFLOW version would “be explored at subsequent design phases”.
TUFLOW HPC is widely used across in Australia and internationally and it is an
appropriate tool for assessing the flows across the catchment and the potential
impacts associated with proposed rail alignment.
Further discussion with respect to the suitability of the model setup is detailed in the
following sections.

3.2

Model Extent and Grid Size
Overall, the hydraulic model extent covers the area of interest, with the proposed
alignment between Ch 52.15 km and Ch 53.15 km included within the extent.
The downstream boundary is not sufficiently far away from the area of interest. It is
350m downstream of the proposed alignment and due to the relatively flat
topography, there is some risk of backwater effects from the downstream boundary.
The boundary should be placed further downstream.
The orientation of the model grid was adjusted such that it aligned with the main
channel.
The model adopted a grid size of 5 m, which is moderately large for a detailed
assessment of linear infrastructure, but it is still acceptable provided that breaklines
are used to enforce relevant crests (such as roads and railways) and gullies (such as
drains) (see Sections 3.3 and 4.4 for discussions on the implementation of the
topography). Reducing the model grid size to 4m could result in greater accuracy
around minor hydraulic features, although it is unlikely to affect the proposed design
because of the single bridge waterway crossing.
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3.3

Topography
The Existing Case model’s topography is generally considered to be acceptable. It
adopted Light Detection and Ranging (LiDAR) data (via a 1 m gridded DEM that was
derived from 2015 ARTC LiDAR data), however the following exceptions were noted:

3.4

•

Not all existing road crowns were enforced within the model. Because of the large
grid size, it is possible that failing to enforce these controls could be resulting in
incorrect water levels. All hydraulic controls that are not currently enforced in the
Existing Case model should be enforced.

•

No detailed field survey terrain data was included in the model. It is not clear
whether any survey exists, so it should be confirmed that all relevant ARTC, TMR
and Goondiwindi Regional Council survey has been included.

Roughness
The provided hydraulic model adopted the roughnesses shown in Table 3 with the
ARR19 recommended roughnesses shown for comparison.

Table 3: Adopted Hydraulic Model Roughnesses
Land Use Type

Adopted Manning’s
‘n’

Recommended Range
(ARR19)

Unsealed road corridor

0.025

0.02 to 0.03

Open space with minimal vegetation

0.045

0.03 to 0.05

Open space with moderate vegetation

0.055

0.05 to 0.07

Open space with heavy vegetation

0.065

0.07 to 0.12

Crop

0.109

N/A

The review found that the adopted roughness for open space with heavy vegetation
was outside the ARR19 recommended range. In addition, the adopted roughness for
crops was higher than what would be expected for the crop types visible in both
recent and historical aerial imagery. It is recommended that these values be justified
or updated to be within industry standard value ranges.
Regarding the delineation of roughness areas within the hydraulic model, it was
found that the assigned land use generally aligned with the aerial imagery. It was
noted that the waterways were not delineated. It is recommended that waterways be
delineated in the next design stage. The adopted spatial delineation is shown in
Figure 4.
It was not possible to determine whether the spatial delineation and magnitude of
model roughness was different to the Inglewood Flood Study because mapping of the
roughness delineation for the study was not provided.
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Figure 4: Adopted Hydraulic Model Roughness Spatial Delineation (Future Freight Joint Venture, July 2020)
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3.5

Boundary Conditions
Within the hydraulic model, there were eight source-area inflow boundaries and one
downstream level-discharge boundary.
For the downstream boundary, a slope of 0.005 was applied. This slope is similar to
the topographic slope, so it is a reasonable value, noting that it is not sufficiently
removed from the proposed alignment to be hydraulically independent.
For the inflow boundaries, several issues were identified:
•

It is best practice approach that for major waterway inflows, the boundaries be
applied using discharge-time inflow lines perpendicular to the direction of flow,
rather than source-area polygons, because the discharge-time inflow lines will
provide the inflow with an initial velocity relative to the slope. The provided
hydraulic model used source-area polygons instead of discharge-time inflow lines
for the major waterway inflows. This should be corrected for Inflow 07T and Inflow
10T.

•

Inflow 13L is applied at and upstream of the proposed rail bridge. This inflow
should be trimmed such that it is further upstream of the proposed alignment.

•

The adoption of inflow source-area polygons using a “READ GIS SA ALL”
command means that inflows are being double-routed. That is, they are being
routed downstream in the hydrologic model, then again in the hydraulic model.
For this relatively small catchment, it is unlikely to have a significant impact, but
consideration should be given to correcting the implementation.

3.6

Structures

3.6.1

Culverts
There are no culverts in the Existing Case hydraulic model. There is the possibility
that some minor culverts exist in the catchment along the waterway at road crossings
and tracks, however if these exist, it is expected that they would only have an impact
in the minor events.

3.6.2

Bridges
There are no bridges in the Existing Case hydraulic model.

3.6.3

Safety Barriers
There are no safety barriers in the Existing Case hydraulic model, which is
acceptable.

3.7

Design Storm Event Results
Design storm events were simulated in the hydraulic model by adopting the
hydrology described in Section 2.3.
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4

Design Case Hydraulic Model Review

4.1

Overview
The Design Case hydraulic model was relatively similar to the Existing Case
hydraulic model. Some changes were made to represent the proposed Inland Rail
design. The following sections describe these changes, along with a brief summary of
the proposed design.

4.2

Proposed Design

4.2.1

Rail Alignment
The Cremascos Road section of works within the Border to Gowrie Package is
approximately 1 km in length. The alignment formation levels vary from
approximately 284.5 mAHD at the downstream boundary (Ch 52.15 km) to
approximately 279.5 mAHD at the upstream boundary (Ch 53.15 km). The alignment
has greater than 1% AEP immunity from local and regional flood events.

4.2.2

Road Alignment
There are no local road changes as a result of the proposed rail alignment.

4.2.3

Culverts
There are no culverts proposed along the alignment between Ch 52.15 km and Ch
53.15 km (Cremascos Road coverage) according to Appendix D3 of Chapter 8
(Drainage) of the Feasibility Design Report (Future Freight Joint Venture, January
2020).

4.2.4

Bridges
There is one bridge proposed along the rail alignment between Ch 52.15 km and Ch
53.15 km (Cremascos Road coverage) according to Appendix D3 of Chapter 8
(Drainage) of the Feasibility Design Report (Future Freight Joint Venture, January
2020). This bridge crosses the unnamed waterway near Cremascos Road.

4.3

Model Extent and Grid Size
No changes were made to the model extent or grid size for the Design Case model.

4.4

Topography
The Design Case TUFLOW hydraulic model adopted mostly identical topography to
the Existing Case model. There were a number of raster grids and GIS files added to
the model to define the Inland Rail design.
It is best practice in modelling to implement the highest-resolution topographic
surfaces that are available, particularly for the latest (not adopted) TUFLOW version,
which can sample topography values along the faces of each grid cell. It is
recommended that at the next design stage, the Inland Rail design ASCII raster grids
be replaced by 12d triangulated irregular network (TIN) files instead, since they are of
infinitely higher resolution.
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The proposed rail embankment was not enforced using a breakline in the hydraulic
model. Due to the grid size and embankment crest width, this is not expected to have
an impact on the results and is appropriate for this phase of the design.
There is a diversion channel proposed upstream of the rail embankment to direct an
existing flow path to the main channel. In the next design stage, consideration should
be given to adding culverts under the embankment to maintain this flow path. This
diversion is not mentioned in the water quality appendix (Appendix P) of the EIS,
which should also be corrected.

4.5

Roughness
The roughness delineation and values were left unchanged between the Existing
Case and the Design Case. This could be corrected at the alignment because the rail
corridor will have a lower roughness than what has been assigned, altering the bridge
hydraulics.

4.6

Boundary Conditions
Boundary conditions were left unchanged from the Existing Case.

4.7

Structures

4.7.1

Culverts
There are no culverts in the Design Case hydraulic model.

4.7.2

Bridges
The bridge (310-BR03) was modelled as an opening in the rail embankment. A
TUFLOW layered flow constriction was not adopted to represent the pier blockage
and form losses. The layered flow constriction must be added or its absence justified
in the reporting.

4.7.3

Safety Barriers
There are no safety barriers in the Design Case hydraulic model.
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5

Design Case Results Review

5.1

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a minor variance in the simulation timestep for at least one
event (as shown in Figure 5). It is expected that this can be attributed to the version
of the software available when modelling commenced (2017-09-AC-iSP-w64).
Limited testing undertaken by the Panel using the latest version of TUFLOW (202010-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.

Figure 5: Design Case 1% AEP 270min Temporal Pattern 08 HPC Timestep

5.2

Flood Immunity
The Hydrology and Flooding Technical Report (Future Freight Joint Venture, July
2020) states that the rail alignment is immune to the 1% AEP event flood (plus 300
mm of freeboard). The freeboard is in excess of 8.8m with none of the alignment
flooded in an extreme event. This satisfies the flood immunity criteria stated in Table
12.7 of Chapter 12 (Surface Water and Hydrology) of the EIS (Future Freight Joint
Venture, July 2020).

5.3

Change in Peak Water Level
Table 4 states the flood impact objectives for the B2G section relating to change in
peak water levels for events up to and including the 1% AEP event.
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Table 4: B2G Flood Impact Objectives Relating to Change in Peak Water Level
(Future Freight Joint Venture, July 2020)

In all events up to the 1% AEP, less than 0.01 ha has an afflux greater than 10 mm.
There are no areas with afflux greater than 200 mm or 400 mm.
There are no flood sensitive receptors within the Cremascos Road model catchment.
There is one property outside of the proposed corridor boundary reported to have
increases in peak water level in excess of the limits shown in Table 4. The increase
was not, however, in excess of the flood impact objectives.

5.4

Change in Duration of Inundation
Table 5 states the flood impact objectives for the B2G section relating to change in
duration of inundation for events up to and including the 1% AEP event.

Table 5: B2G Flood Impact Objectives Relating to Change in Duration of
Inundation (Future Freight Joint Venture, July 2020)

The Technical Report identifies that there are no state-controlled or local roads
affected by flooding within the Cremascos Road model for the 1% AEP event.
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5.5

Change in Peak Velocity
Table 6 states the flood impact objectives for the B2G section relating to change in
velocity for events up to and including the 1% AEP event.

Table 6: B2G Flood Impact Objectives Relating to Change in Velocity (Future
Freight Joint Venture, July 2020)

The Technical Report did not discuss changes to velocity.
The Technical Report included a brief discussion on flow distribution however it was
determined that there were negligible changes to flow distributions for events up to
the 1% AEP event.

5.6

Extreme Events
Table 7 states the flood impact objectives for the B2G section relating to extreme
events.

Table 7: B2G Flood Impact Objectives Relating to Extreme Events (Future
Freight Joint Venture, July 2020)

For assessing extreme events, the 1 in 2,000 AEP, 1 in 10,000 AEP and PMF flood
events were simulated for the Design Case.
According to the Technical Report, the formation and bridge are not overtopped in
extreme local flood events.
No discussion on the extreme event impacts on local roads have been provided in
the Technical Report.
No discussion has been provided on other land that is affected by extreme events.
For example, discussion on impacts on nearby cropland. Further details should be
provided.
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5.7

Sensitivity Modelling

5.7.1

Future Climate Change
Table 8 states the flood impact objectives for the B2G section relating to climate
change.

Table 8: B2G Flood Impact Objectives Relating to Climate Change (Future
Freight Joint Venture, July 2020)

The Technical Report documents ARR16 climate change impacts in the year 2090
for Representative Concentration Pathway (RCP) 8.5 at proposed structures and
sensitive receptors for only the 1% AEP event. The 2090 horizon with RCP 8.5 is the
most conservative horizon with ARR data available, which is appropriate for
assessing a piece of critical infrastructure.
The reporting indicates that the railway will not be overtopped in this scenario.
Without assessing changes in water level in other AEP events, not enough
information has been provided to fully consider the risks posed by climate change
because smaller and more frequent events may produce greater impacts due to
rainfall intensity increases than the 1% AEP event.
It was noted that if future stages of the project are to be subject to the Infrastructure
Sustainability Council of Australia (ISCA) process to achieve a sustainability rating, it
will be difficult to achieve climate change credits if climate change induced rainfall
intensity increases are not applied to the design.

5.7.2

Future Land Uses
Given the nature of the catchment, it is unlikely that the fraction impervious would
significantly change and cause noticeable impacts on the design event flows. As a
result, the lack of a sensitivity assessment by FFJV against future land use is
reasonable.

5.7.3

Structure Blockage
The blockage of the hydraulic structures was assessed in accordance with ARR
2016. ARR16 states that the potential for blockage needs to consider the upstream
catchment’s available debris type, dimensions, availability, transportability, structure
interaction and random chance. It was determined by the FFJV that the likelihood of
significant amounts of debris accumulating against the piers of the bridge was low
and subsequently adopted a zero blockage factor for the bridge.
Further details of the calculations should be provided.
No blockage sensitivity scenarios were conducted.
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6

Local Catchments Design Case Review
Proposed local catchment drainage for B2G was documented in Chapter 8
(Drainage) of the B2G Feasibility Design Report (Future Freight Joint Venture,
January 2020). Whilst most of the local catchment structures were included in the
larger flooding hydraulic models, including Yelarbon to Inglewood and this
Cremascos Road hydraulic model, the large subcatchments of the regional hydraulic
models prevented assessment of the local catchment structures within those models.

6.1

Cross-Drainage
Chapter 8 was reviewed to check the local catchment flooding conditions between Ch
52.15 km and Ch 53.15 km (the section coincident with the Cremascos Road flood
model). The review found that no local catchment cross-drainage was proposed. All
cross-drainage between those chainages are sized by the Macintyre Brook –
Cremascos Road regional hydraulic model.

6.2

Diversion Drains
Two diversion drains are proposed for B2G. Neither are within this package, so they
are discussed in other review documents.
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7

Conclusions

7.1

Overview
A review has been completed of the Macintyre Brook – Cremascos Road regional
flood model and reporting, plus the local catchment drainage for the same area, for
the Border to Gowrie section of the Inland Rail project.
Tables of the model review items are provided in Appendix 1. Section 7.3 presents a
summary of the key findings and identified issues.

7.2

Advice and Recommendations
Based on the review of the Macintyre Brook – Cremascos Road models, the following
advice and recommendations are made in accordance with the Terms of Reference
for an Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Queensland Department of Transport and Main Roads, June 2020).

7.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
Whilst the Macintyre Brook – Cremascos Road model was generally developed and
applied in accordance with relevant guidelines and manuals, the review identified a
few issues in relation to the development and application of the models that could
affect the interpretation of the Inland Rail flood impacts. The issues, and the
proposed methods for their resolution, are summarised in Section 7.3.

7.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The overall extent of the floodplain covered by the flood model is appropriate.

7.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
No calibration was performed for this model because no data was available.

7.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
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The Macintyre Brook – Cremascos Road hydrologic model was checked against the
Quantile Regression Technique (QRT) and the RFFE, with some issues noted for
frequent and extreme events.

7.2.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area.
There are no impacts in excess of those nominated in the Flood Impact Objectives.

7.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project.
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

the provision of additional documentation to the Panel; and

•

adequate response to the issues listed in Table 10.

The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3.

7.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to:
•

the provision of additional documentation to the Panel; and

•

adequate response to the issues listed in Table 10.

The necessary additional documentation and responses is detailed in Section 7.3. It
is noted that the modelling completed in relation to the reference design will need to
be modified as part of further design.

7.3

Summary of Findings
Table 9 presents a commentary in relation to the focus areas for the panel that were
identified in the Terms of Reference for an Independent International Panel of
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Experts for Flood Studies of Inland Rail in Queensland (Queensland Department of
Transport and Main Roads, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 10.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by ARTC, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 6 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 10 to allow the relative importance of each
issue to be readily identified.
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Figure 6: Flow Chart for Resolution of Identified Issues
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Table 9: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage (e.g. reference/detailed etc.)

Yes

The extent of modelling is appropriate for the reference and design stages.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable and appropriate compared with typical
similar linear infrastructure projects

Yes

The key design criteria are reasonable and appropriate.
Assumptions

Appropriateness of model arrangements and input parameters

AIR1

Several parameters require further information and or correction.

Appropriateness of model calibration process

N/A

No calibration was performed because no data was available.

Appropriate application of input data (including addressing data gaps)

AIR1

Subject to the provision of additional documentation and sensitivity modelling, input data is generally appropriately applied.

Assumptions around land-use (crops etc.)

AIR1

Acceptable assumptions have been made in regard to land-use (subject to sensitivity testing identified with respect to application).

Appropriateness of blockage/debris assumptions

AIR1

The blockage and debris assumptions require clarification and potentially additional modelling.

Appropriateness of future events application, e.g. climate change

AIR1

The application as a sensitivity only is appropriate, subject to ISCA requirements and clarification of impacts.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
Application

Appropriate sensitivity analysis to various items e.g. flow inputs, coefficients

AIR1

Additional sensitivity assessment is required in relation to several items.

Appropriateness of change indicators

AIR1

Change indicators are generally appropriate, although a more quantitative approach to changes in velocity and duration of inundation
would be of benefit for the interpretation of results.

Appropriateness of structure and embankment representation (depending on the stage of the design)

Yes

Several aspects of the structure implementation can be improved in the Detailed Design stage.

Flood frequency analysis

N/A

No stream gauges were available, so no FFA was able to be performed.
Interpretation

1

Achievement of Design Objectives

AIR1

The Design Objectives have been achieved in most instances, though clarification is required for some items.

Appropriateness of relevant sensitivity analysis

AIR1

The sensitivity assessment completed with respect to blockage and climate change are appropriate, though additional clarification is
required.

Confirm Inland Rail-related flood impacts, if any, are comprehensively quantified and interpreted to their
local property context

AIR1

Clarification is required for some of the flood impacts.

Appropriateness of the alignment, with regard the related flood impacts, within the current EIS Study
Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

Consider whether reasonable and practical steps have been taken to mitigate flood impacts, if any,
outside of the project boundary

AIR1

Flood impacts appear largely reasonable, but further information is required.

AIR stands for Additional Information Required (as summarised in Table 9) in order to confirm that the focus issue is satisfied.
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Focus Issue

Satisfied?

Comment

Additional information that would be required to be addressed in the Detailed Design phase of the
program

Yes

It will be necessary to complete additional sensitivity analyses and to refine the models in the detailed design phase.
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Table 10: Summary of Identified Issues
Item No.

Item/Issue

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

Assumptions

CRE1

A small proportion of the
subcatchment has not been included
in the hydrologic model.

2.2

Excluding part of the catchment results in
lower design flow rates.

A higher peak flow rate in design storm
events could result in larger impacts.

Low

The impact on inflow hydrographs is likely to
be minor due to the missing area being
relatively small.

CRE2

The alpha and beta routing
parameters of the hydrologic model
were outside of the typical range.

2.3.2

The parameters affect the shape of the
hydrographs derived using the hydrologic
models.

Incorrect parameters could result in
incorrect design storm event peak flow
hydrographs. The design could possibly
have a different flood immunity or
better/worse hydraulic impacts than is
currently reported.

High

Sensitivity modelling should occur to check
the adopted parameters.

CRE3

The downstream boundary was not
placed sufficiently far downstream of
the proposed rail alignment and
levels were not validated to the
Yelarbon to Inglewood model
results.

3.2

The downstream boundary can incorrectly
influence upstream water levels, which is
why it must be placed sufficiently far
downstream of the area of interest.

The levels and peak flow rates at the
proposed alignment may not be correct.

High

Sensitivity modelling should occur to check
whether hydraulic model results change with
a boundary that is placed further downstream
and in accordance with the Yelarbon to
Inglewood model results.

CRE4

A small number of hydraulic controls
(roads) were not enforced within the
Existing Case hydraulic model

3.3

Enforcement of the key topographic features
ensures that the model correctly assesses
flows over/around roads, railways and other
features.

The impact assessment results could be
different as a result of this item.

High

A sensitivity assessment should be
performed to identify whether enforcing the
remaining hydraulic controls affects the
design.

CRE5

One of the roughness parameter
values was outside of the ARR19
recommended parameter range and
the ‘Crops’ roughness was higher
than what aerial imagery suggests to
be true.

3.4

The roughness values directly affect flows
through the hydraulic model.

Incorrect roughnesses could result in
incorrect water levels and velocities.

Medium

The parameter values should be justified or
corrected.

CRE6

The spatial delineation of roughness
is immature in some locations,
particularly around the creek.

3.4

The roughness delineation is a key
component of the hydraulic model.
Inaccuracies in that delineation can result in
improper results.

The flood levels near the proposed
alignment could be inaccurate.

Medium

The parameter values should be justified or
corrected.

CRE7

Inflow boundaries near the model
boundary were applied as sourcearea polygons instead of QT inflow
lines, which means that they entered
the model with zero velocity.

3.5

Excluding velocity from the inflows may
result in inaccurate flow distributions or
velocities near the inflow locations.

The peak flood levels near the proposed
alignment may be somewhat affected. The
calibration results may also be affected.

Low

Because the inflow locations are a
reasonable distance upstream, it is
anticipated that the issue can be resolved in
the Detailed Design stage.

CRE8

Inflow 13L crosses the proposed rail
alignment.

3.5

The inflow's proximity to the proposed
alignment could be altering flows through the
bridge opening.

The flood levels and velocities at the
bridge could be inaccurate, particularly
before or after the peak of the flood.

High

The sensitivity of the model to the current
placement of the inflow should be checked.

Low

Normally high because the latest version
contains several significant improvements in
accuracy, but because the adopted version
was the latest at the time of the modelling, it
is reasonable. It should, however, be updated
in the next design stage.

Application

CRE9

The adopted TUFLOW HPC engine
was not the latest version

3.1

The latest TUFLOW HPC engine contains
many significant improvements and it has
been benchmarked better than the 2018
version of HPC.

The change in the hydraulic model solver
could result in slightly different peak water
levels, velocities and discharges.
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Item No.

Item/Issue

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

CRE10

A diversion channel is proposed in
the hydraulic model, but not
documented in the reports and it
appears that the diversion can easily
be avoided through the use of crossdrainage culverts.

4.4

Diversion channels are undesirable and must
be documented.

The diversion channel appears
unnecessary and could be replaced with
cross-drainage culverts.

Medium

Clarification is required to confirm that the
diversion is necessary and that it is
documented in the EIS.

CRE11

The hydraulic model roughness was
left unchanged between the Existing
Case and Design Case hydraulic
models.

4.5

Roughness in the hydraulic model directly
affects water levels and velocities. Incorrect
roughness can result in incorrect levels and
velocities.

The levels and velocities near the rail
alignment, especially for bridge flood
loads, may be inaccurate.

Medium

Clarification is required on the impact of
roughness through the bridges on flood
loads.

CRE12

The proposed bridge was not
applied to the hydraulic model with a
corresponding form loss or blockage.
It was only modelled as an opening
in the rail embankment.

4.7.2

The bridge piers are likely to alter flood levels
and velocities at the rail alignment.

The flood levels and velocities near the
proposed alignment could be inaccurate.

Low

To be corrected in the next design stage.

Interpretation
CRE13

Change in velocity is not discussed
in the EIS.

4.8.5

It is unclear whether change in velocity flood
impact objectives have been achieved.

The design may require adjustment to
meet the design objectives.

Medium

The EIS should be adjusted to clarify the
expected change in velocity.

CRE14

No discussion has been included on
extreme event impacts in the EIS.

4.8.6

It is unclear whether extreme event flood
impact objectives have been achieved.

The design may require adjustment to
meet the design objectives.

Medium

The EIS should be adjusted to clarify the
expected extreme event impacts.

CRE15

Insufficient details have been
provided in the EIS documents to
review structure blockage sensitivity
assessments.

4.8.7

It is unclear whether sensitivity testing flood
impact objectives have been achieved.

The design may require adjustment to
meet the design objectives.

Medium

Further details should be provided in the EIS
to meet the flood impact objectives.
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Appendix 1 Model Review Summary Tables
Table 11: Hydrological Model Review Summary
Item No.

Description

Checked?

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results
be reproduced

Yes

Section 2

3h

Catchment extent

Yes

Section 1.2

4h

Sub-catchment delineation

Yes

Section 2.2

5h

Model catchment areas

Yes

Section 2.2

6h

Catchment Parameters (e.g. slope,
roughness etc.)

Yes

Section 2.3.2

7h

Adopted Parameters - routing

Yes

Section 2.3.2

8h

Adopted Parameters - losses

Yes

Section 2.3.4

9h

Adopted Parameters - runoff
coefficient

Yes

Section 2.3.2

Design Representation
1d

Sub-catchment changes to represent
design

Yes

No changes made and not required
for this regional model.

2d

Model parameter changes to represent
design

Yes

No changes made and not required
for this regional model.

Flood Frequency Analysis
1f

Gauge records available

N/A

2f

Gauge record length suitable for FFA

N/A

3f

Compare design flow estimates to FFA

N/A

4f

Annual Maximum Series

N/A

5f

Number of years input to FFA
calculation

N/A

6f

Historical events

N/A

7f

Censoring and filters

N/A

8f

Probability distribution

N/A

9f

Low flow filtering

N/A
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Item No.

Description

Checked?

Additional Information

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

4c

Review rating curves

N/A
ARR 2016/2019

1a

Design flow estimates sufficient

Yes

Section 2.4.1

2a

Use of ARR 2016/2019

Yes

Section 2.3.1

3a

Critical duration

Yes

Section 2.4.2

4a

Mean temporal pattern selection

Yes

Section 2.4.2

5a

IFD rainfall data

Yes

Section 2.3.3

6a

Temporal pattern zone

Yes

Section 2.3.3

7a

Areal varied patterns

Yes

Section 2.3.3

8a

Areal reduction factors

Yes

Section 2.3.3

9a

Design rainfall losses - Calibration
events

N/A

10a

Design rainfall losses - ARR data hub

Yes

Section 2.3.4

Alternative Validation Method
1am

Alternative validation method used
FFA/RFFE

Yes

Section 2.4.1

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.4.1

3am

Is the RFFE appropriate for the
catchment

Yes

Section 2.4.1
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Table 12: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can
results be reproduced

Yes

Section 3.1

3h

Model extent

Yes

Section 3.2

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.5

Control
1c

TUFLOW run log

No

Not provided

2c

TUFLOW Version

Yes

Section 3.1

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

Adaptive

5c

Materials/roughness definition

Yes

Section 3.4

6c

TUFLOW Materials File

Yes

Section 3.4

7c

Direct Rainfall - Losses

NA

Lumped inflows adopted

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and
magnitude

N/A
Events and Scenarios

Events and Scenarios

Yes

Section 3.7

1% AEP

Yes

Section 3.7

Climate change

Yes

Section 5.7

Blockage

Yes

Section 5.7

Extreme events

Yes

Section 5.6

Other sensitivity assessments

Yes

Section 5.7

2e

Start and end times

Yes

No issues identified

3e

Initial conditions

Yes

None used and not required

1e
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Item No.

Description

Checked

Additional Information

4e

Event text

Yes

No issues identified

5e

Scenarios and variables

Yes

No issues identified

Boundary Conditions
1b

Inflow location

Yes

Section 3.5

2b

Inflow values

Yes

Section 3.5

3b

Boundaries

Yes

Section 3.5

4b

Direct rainfall volume check

NA

Lumped inflows adopted

5b

1D connection type

N/A

6b

1D connections

N/A

7b

Channel connections

N/A

8b

Active cells

Yes

Section 3.2

Geometry
1g

Cell orientation

Yes

Section 3.2

2g

2D active cells

Yes

Section 3.2

3g

Model extent

Yes

Section 3.2

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

Section 3.4

6g

Elevation raster check

Yes

Section 3.3

7g

Bridge representation

Yes

Section 3.6.2

8g

Breaklines

Yes

Section 3.3

9g

Topographic modifications

Yes

Section 3.3

1D Network – Existing
1e

1D input check

N/A

2e

Cover check

N/A

3e

1D continuity

N/A

4e

1D locations & sizing

N/A

5e

1D losses

N/A

6e

1D blockage

N/A

7e

1D connection type

N/A
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Item No.

Description

Checked

8e

1d connection grid cell check

N/A

9e

1d network invert levels & outlet
check

N/A

10e

Channel selection

N/A

11e

No. cross-sections

N/A

12e

Channel representation

N/A

13e

Channel input values

N/A

14e

1D IWL

N/A

Additional Information

Design Representation
1d

1D locations & sizing

N/A

2d

1D input check

N/A

3d

Cover check

N/A

4d

1D continuity

N/A

5d

1D blockage

N/A

6d

1D connection type

N/A

7d

1D connection grid cell check

N/A

8d

1D network invert levels & outlet

N/A

9d

Bridge representation

Yes

Section 4.7.2

10d

Topographic modifications

Yes

Section 4.4

11d

Design criteria flood level
impacts

Yes

Section 5.3

12d

Design criteria duration of
flooding impacts

Yes

Section 5.4

13d

Design criteria hazard category
impacts

No

Not assessed by FFJV in detail

14d

Design criteria velocity and flow
direction impacts

Yes

Section 5.5

Results
1r

Can results be replicated

Yes

No issues identified

3r

Review negative depths

Yes

None identified

4r

Review timestep outputs for
HPC

Yes

Section 5.1
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Item No.

Description

Checked

Additional Information

5r

Check raster outputs for
irregularities

Yes

Section 5

6r

Check .csv outputs for culverts

Yes

Section 5
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Macintyre Brook – Bybera Road completed by the Future Freight Joint Venture
(FFJV) in support of the draft Environmental Impact Statement (EIS) and Feasibility
Design Report (FDR) for the Border to Gowrie (B2G) section of the Inland Rail
Project.
A summary of the issues identified in the review is provided in Section 7.3. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the catchment of the unnamed tributary of Macintyre Brook near
Bybera Road.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Goondiwindi Regional Council local government
area.
Within that hydraulic model extent, the proposed design includes one bridge (310BR04) and one culvert (Ch 55.06 km). The bridge and culvert are listed in Appendix
D3 of Chapter 8 of the Feasibility Design Report (Future Freight Joint Venture,
January 2020).
Note that the catchment area of the hydrologic model is 62.3 km2, which is below the
100 km2 threshold for designation as a “major” catchment by the FFJV. This
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catchment is a moderate catchment. Section 8.2.1 of the FDR clarifies that for the
B2G package, unlike the other packages, both the major and the moderate
catchments are modelled as regional models.
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Figure 1: Macintyre Brook – Bybera Road Catchment Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS (Future Freight Joint Venture, 2020). It is assumed that this consultation
included a discussion of site-specific impacts for minor and major catchments with
reference to the flood impact objectives.
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1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed four relevant
previous studies that were coincident with the Macintyre Brook – Bybera Road study
area:
•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Inland Rail North Star to NSW/QLD Border, Appendix H – Hydrology and
Flooding Technical Report. (Future Freight Joint Venture, May 2020)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

•

Inland Rail North Star to NSW/QLD Border, Hydrologic Modelling Illabo to
Stockingbingal and North Star to Yelarbon. (SMEC, 2016)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately 10 km upstream of the Bybera Road hydrologic and hydraulic models,
so it is not particularly relevant. The Inglewood Flood Study used ARR87 hydrology.
A flood frequency analysis was performed in that study at the Inglewood gauge
(presumably DNRM gauge 416402).
The North Star to Border Phase 2 study (Future Freight Joint Venture, May 2020)
based the hydrologic and hydraulic models on those used for the Floodplain
Management Plan for the Border River Valley Floodplain (WSP, 2016). The model
was calibrated to several events, though not in detail near the Bybera Road area.
This model developed design hydrology using Australian Rainfall and Runoff 2016
(ARR16).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Macintyre Brook –
Bybera Road section of B2G between Ch 54.50 km and Ch 56.40 km. Specifically,
the Bybera Road URBS models and the Bybera Road TUFLOW model.
There was a local catchment TUFLOW model between Ch 54.50 km and Ch 56.40
km in the drainage section of the FDR (Future Freight Joint Venture, January 2020).
That model was not provided, but the results were summarised in the drainage
package.
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2

Hydrologic Model Review

2.1

Overview
The hydrologic modelling for Macintyre Brook – Bybera Road was undertaken using
URBS. URBS is a rainfall runoff and routing hydrologic modelling software package.
It has been under development for the past 15 years and is one of the preferred
software packages for operational flood forecasting throughout Australasia. URBS
was recently revised to improve the integration of the 2016/2019 editions of
Australian Rainfall and Runoff, the industry’s guidelines for rainfall and runoff
analysis. URBS is a suitable tool for assessing the hydrologic processes across this
tributary of Macintyre Brook for design storm events.
The URBS model for the Bybera Road section (Ch 54.50 km – Ch 56.40 km) was not
calibrated to historical events because no historical data was available for use in the
catchment.
No other Macintyre Brook subcatchments were included within the hydrologic model
because regional flows were calculated as part of the Macintyre Brook – Yelarbon to
Inglewood models.

2.2

Catchment Delineation
The previous Figure 1 shows the delineation of the subcatchments for the Macintyre
Brook – Bybera Road hydrologic model. The subcatchments are of relatively equal
and reasonable size.
The subcatchment delineation is not accurate in the south-western portion of the
catchment. The LiDAR data shows that the subcatchment extents include parts of
adjacent catchments. This is unlikely to change hydrologic or hydraulic model results,
but it should be checked in the Detailed Design stage.
No changes were made to the subcatchment delineation to represent the developed
conditions, which is acceptable in this instance.

2.3

Design Storm Event Model Inputs

2.3.1

Overview
Design storm event rainfall for the Bybera Road hydrologic model was developed
using the ARR16 guidelines.
The following sections document the findings of the model inputs.

2.3.2

Runoff and Routing Parameters
For the hydrologic model, the routing parameters shown in Table 1 were adopted.

Table 1: Primary Routing Parameters of the Hydrologic Models
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Description

URBS Model Value

Model Type

URBS model type

Split

alpha

Storage/channel lag parameter

1.2
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Parameter

Description

URBS Model Value

m

Catchment non-linearity parameter

0.8

beta

Catchment lag parameter

0.0

x

Muskingum translation parameter

1.0

n

Channel roughness (Manning’s ‘n’)

1.0

All parameters are in the “typical” range specified in the URBS manual (Carroll,
2012), except for the alpha and beta parameters. The typical alpha range is 0.1-0.3
and the typical beta range is 1.0 to 9.0. An alpha value of 1.2 is far outside of that
range and a beta value of 0 is outside of the typical range.
These parameters were adjusted for peak flow to the Quantile Regression Technique
(QRT) and the Regional Flood Frequency Estimate (RFFE), however were not
compared against the Inglewood Flood Study or North Star to Border Flood Study to
determine if they were consistent. These values should be investigated and changed
or justified.
The adopted channel routing lengths are reasonable.

2.3.3

Rainfall Data
The model used ARR16 IFD data from the Bureau of Meteorology’s (BoM) website,
plus temporal pattern data from the ARR Data Hub for the Central Slopes area.
The adopted IFD data in the URBS model varies by subcatchment, which is an
acceptable approach.
The areal reduction factor (ARF) calculations of the URBS model used an area of
62.3 km2 for the calculation, which is acceptable.

2.3.4

Rainfall Losses
The adopted initial loss was 15 mm and the adopted continuing loss was 1 mm/hr.
These losses are consistent with the Inglewood Flood Study, which is an acceptable
approach.

2.3.5

Climate Change
It was noted that ARR16 was used. Predicted changes to rainfall intensities due to
climate change were updated in ARR19. Whilst the Technical Report states that a
23.9% increase in rainfall intensity was adopted in the hydrologic models for the
sensitivity assessment, the provided model shows that a 22.8% increase was
adopted (2090 RCP 8.5). The ARR19 predicted increase is 22.8%.

2.4

Design Storm Event Model Results

2.4.1

Overall
The design storm event flows were compared to QRT and RFFE peak flow rates to
check that the peak flows were similar. The alpha parameter was adjusted until a
reasonable match was achieved (Future Freight Joint Venture, July 2020). Figure 2
shows the match between the three datasets.
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Figure 2: Comparison of RFFE, QRT and Median URBS Design Event Peak
Flows (Future Freight Joint Venture, July 2020)
Figure 2 shows that the frequent event peak flow rates may be overestimated, whilst
the extreme event peak flow rates may be underestimated. Whilst the match between
the RFFE, QRT and URBS results for the 1% AEP event is good, the mis-match for
frequent and extreme events should not be ignored. Further efforts should be made
to better match the other AEP events using the alpha and beta parameters of URBS.
Whilst the design storm event URBS models were run for a wide range of AEP
events (20% to PMF), the 50% AEP event should also be considered and or
simulated to identify whether any impacts occur in small flood events if the tributary is
shown to exhibit significant overbank flows.

2.4.2

Temporal Pattern and Critical Duration Assessment
The TMR Technical Guideline on Hydrologic and Hydraulic Modelling (Queensland
Department of Transport and Main Roads, 2019) states that “the critical temporal
pattern at each location under consideration is defined as the temporal pattern that
results in a peak flow rate that is closest to the mean flow rate with a bias of 2 to
those exceeding the mean”. ARR19 has slightly different guidance but selecting the
temporal pattern above the mean or the median is a typical approach.
The Technical Report (Section 18.4.1) (Future Freight Joint Venture, July 2020)
describes that the duration with the highest median flow of the ten temporal patterns
was adopted. This aligns with the ARR19 typical approach. Consideration should be
given to the TMR methodology during the Detailed Design to determine whether
cross-drainage would need to change to satisfy the TMR methodology.
For identifying the critical duration for each AEP event, all durations for all AEPs
between the 20% AEP event and the PMF event were simulated. Whichever duration
resulted in the (median) peak flow rate for a given AEP was the critical duration (see
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Section 17.4.1 of the Technical Report). The 1 in 10,000 and PMF events adopted a
PMP Temporal Pattern. Table 2 shows the reported critical durations and temporal
patterns.
An assessment of critical durations and temporal patterns by the Panel identified that
all AEP events had the critical durations and temporal patterns adopted that were in
line with ARR19 typical approach.

Table 2: Reported Critical Durations and Temporal Patterns (Future Freight
Joint Venture, July 2020)

2.4.3

Climate Change
Climate change rainfall intensity increases were applied to the hydrologic model to
undertake sensitivity assessment of the hydraulic model.
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3

Existing Case Hydraulic Model Review

3.1

Overview
The Macintyre Brook – Bybera Road hydraulic model was built using the 1D/2D (onedimensional/two-dimensional) hydrodynamic modelling package TUFLOW (version
2017-09-AC-iSP-w64). The Heavily Parallelised Compute (HPC) solver was adopted
for this model. The 2D solver is an explicit solution of the full 2D shallow water
equations, including sub-grid scale eddy viscosity.
The scheme is volume and momentum conserving, is second order spatially and
fourth order in time. The 2D solver is dynamically linked with TUFLOW’s 1D solver
named ESTRY, which provides full 1D pit, pipe, culvert and open channel
functionality.
The TUFLOW version that was adopted was the latest at the time, but it is not the
latest version at the time of this review. The latest version, 2020-10-AA, contains
significant improvements to the HPC solver. The 2020 solver validates far better to
industry benchmark models and contains several useful features. Because of the
better validation of the solver, the 2020 version should be used for all TUFLOW
models in the Detailed Design stage. Note that a technical note (2-3100-310-IHY-10TN-00011_1) was provided to the Panel by the FFJV confirming that the latest
TUFLOW version would “be explored at subsequent design phases”.
TUFLOW HPC is widely used across in Australia and internationally and it is an
appropriate tool for assessing the flows across the catchment and the potential
impacts associated with proposed rail alignment.
Further discussion with respect to the suitability of the model setup is detailed in the
following sections.

3.2

Model Extent and Grid Size
Overall, the hydraulic model extent covers the area of interest, with the proposed
alignment between Ch 54.50 km and Ch 56.40 km included within the extent.
The downstream boundary is not sufficiently far away from the area of interest. It is
400m downstream of the proposed alignment and due to the relatively flat
topography, there is some risk of backwater effects from the downstream boundary.
The boundary should be placed further downstream.
The orientation of the model grid was adjusted such that it aligned with the proposed
railway.
The model adopted a grid size of 5m, which is moderately large for a detailed
assessment of linear infrastructure, but it is still acceptable provided that breaklines
are used to enforce relevant crests (such as roads and railways) and gullies (such as
drains) (see Sections 3.3 and 4.4 for discussions on the implementation of the
topography). Reducing the model grid size to 4m could result in greater accuracy
around minor hydraulic features, although it is unlikely to affect the proposed design
because of the single bridge waterway crossing.
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3.3

Topography
The Existing Case model’s topography is generally considered to be acceptable. It
adopted Light Detection and Ranging (LiDAR) data (via a 1m gridded DEM that was
derived from 2015 ARTC LiDAR data), however the following exception was noted:
•

3.4

No detailed field survey terrain data was included in the model. It is not clear
whether any survey exists, so it should be confirmed that all relevant ARTC, TMR
and Goondiwindi Regional Council survey has been included.

Roughness
The provided hydraulic model adopted the roughnesses shown in Table 3 with the
ARR19 recommended roughnesses shown for comparison.

Table 3: Adopted Hydraulic Model Roughnesses
Land Use Type

Adopted Manning’s
‘n’

Recommended Range
(ARR19)

River

0.035

0.02 to 0.04

Unsealed Road Corridor

0.025

0.02 to 0.03

Open space with minimal vegetation

0.045

0.03 to 0.05

Open space with moderate vegetation

0.055

0.05 to 0.07

Open space with dense vegetation

0.065

0.07 to 0.12

The review found that the adopted roughness for open space with dense vegetation
was outside the ARR19 recommended range. It is recommended that the value be
justified or updated to be within industry standard value ranges.
Regarding the delineation of roughness areas within the hydraulic model, it was
found that the assigned land use generally aligned with the aerial imagery. It was
noted that the waterways were not delineated. It is recommended that waterways be
delineated in the next design stage. The adopted spatial delineation is shown in
Figure 3.
It was not possible to determine whether the model roughness delineation and
magnitude was different to the Inglewood Flood Study because mapping of the
roughness delineation for the study was not provided.
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Figure 3: Adopted Hydraulic Model Roughness Spatial Delineation (Future Freight Joint Venture, July 2020)
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3.5

Boundary Conditions
Within the hydraulic model, there were seven source-area inflow boundaries and one
downstream level-discharge boundary.
For the downstream boundary, a slope of 0.005 was applied. This slope is somewhat
steeper than the topographic slope, so it should be revised or justified from the
neighbouring Yelarbon to Inglewood model results.
For the inflow boundaries, two issues were identified:
•

It is best practice approach that for major waterway inflows, the boundaries be
applied using discharge-time inflow lines perpendicular to the direction of flow,
rather than source-area polygons, because the discharge-time inflow lines will
provide the inflow with an initial velocity relative to the slope. The provided
hydraulic model used source-area polygons instead of discharge-time inflow lines
for the major waterway inflows. This should be corrected for Inflow 15T.

•

The adoption of inflow source-area polygons using a “READ GIS SA ALL”
command means that inflows are being double-routed. That is, they are being
routed downstream in the hydrologic model, then again in the hydraulic model.
For this relatively small catchment, it is unlikely to have a significant impact, but
consideration should be given to correcting the implementation.

3.6

Structures

3.6.1

Culverts
There are no culverts in the Existing Case hydraulic model. There is the possibility
that some minor culverts exist in the catchment along the waterway at road crossings
and tracks, however if these exist, it is expected that they would only have an impact
in the minor events.

3.6.2

Bridges
There are no bridges in the Existing Case hydraulic model.

3.6.3

Safety Barriers
There are no safety barriers in the Existing Case hydraulic model, which is
acceptable.

3.7

Design Storm Event Results
Design storm events were simulated in the hydraulic model by adopting the
hydrology described in Section 2.3.
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4

Design Case Hydraulic Model Review

4.1

Overview
The Design Case hydraulic model was relatively similar to the Existing Case
hydraulic model. Some changes were made to represent the proposed Inland Rail
design. The following sections describe these changes, along with a brief summary of
the proposed design.

4.2

Proposed Design

4.2.1

Rail Alignment
The Bybera Road section of works within the Border to Gowrie Package is
approximately 2 km in length. The alignment formation levels vary from
approximately 283.8 mAHD near the downstream boundary (Ch 54.40 km) to
approximately 295.5 mAHD at the eastern boundary (Ch 56.40 km). The alignment
has an immunity larger than the PMF event from local and regional flood events.

4.2.2

Road Alignment
There are no local road changes as a result of the proposed rail alignment within the
Bybera Road model extent.

4.2.3

Culverts
There is one culvert proposed along the alignment between Ch 54.50 km and Ch
56.40 km (Bybera Road coverage) according to Appendix D3 of Chapter 8 (Drainage)
of the Feasibility Design Report (Future Freight Joint Venture, January 2020). The
culvert is located at Ch 55.06 km and is 7/1050 mm RCP.

4.2.4

Bridges
There is one bridge proposed along the rail alignment between Ch 54.50 km and Ch
56.40 km (Bybera Road coverage) according to Appendix D3 of Chapter 8 (Drainage)
of the Feasibility Design Report. This bridge (310-BR04) crosses the unnamed
waterway near Bybera Road.

4.3

Model Extent and Grid Size
No changes were made to the model extent or grid size for the Design Case model.

4.4

Topography
The Design Case TUFLOW hydraulic model adopted mostly identical topography to
the Existing Case model. There were a number of raster grids and GIS files added to
the model to define the Inland Rail design.
It is best practice in modelling to implement the highest-resolution topographic
surfaces that are available, particularly for the latest (not adopted) TUFLOW version,
which can sample topography values along the faces of each grid cell. It is
recommended that at the next design stage, the Inland Rail design ASCII raster grids
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be replaced by 12d triangulated irregular network (TIN) files instead, since they are of
infinitely higher resolution.
The proposed rail embankment was not enforced using a breakline in the hydraulic
model. Due to the grid size and embankment crest width, this is not expected to have
an impact on the proposed results and is appropriate for this phase of the design.
There is a small diversion channel proposed upstream of the rail embankment to
direct an existing flow path to the main channel. This diversion is minor because the
length of the diversion is relatively small and the channel is not well defined, so its
diversion would not cause adverse impacts.

4.5

Roughness
The roughness delineation and values were left unchanged between the Existing
Case and the Design Case. This could be corrected at the alignment because the rail
corridor will have a lower roughness than what has been assigned, altering the bridge
hydraulics.

4.6

Boundary Conditions
Boundary conditions were left unchanged from the Existing Case.

4.7

Structures

4.7.1

Culverts
There are no culverts in the Design Case hydraulic model. The model should have
included 7/1050 mm RCP at Ch 55.06 km, as per Appendix D3 of Chapter 8
(Drainage) of the Feasibility Design Report.

4.7.2

Bridges
The bridge (310-BR04 UT2 Macintyre Brook) was modelled as an opening in the rail
embankment. A TUFLOW layered flow constriction was not adopted to represent the
pier blockage and form losses. The layered flow constriction must be added or its
absence justified in the reporting.

4.7.3

Safety Barriers
There are no safety barriers in the Design Case hydraulic model.

March 17, 2021 | 15

Appendix D: Macintyre Brook - Bybera Road Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

5

Design Case Results Review

5.1

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a large variance in the simulation timestep for at least one event
(as shown in Figure 4). It is expected that this can be attributed to the version of the
software available when modelling commenced (2017-09-AC-iSP-w64). Limited
testing undertaken by the Panel using the latest version of TUFLOW (2020-10-AAiSP-w64) suggested that its adoption would improve the modelling with respect to
timestep. Subsequently, the Panel recommends that the latest version of TUFLOW
be adopted for future project stages.

Figure 4: Design Case 1% AEP 48hr Temporal Pattern 01 HPC Timestep

5.2

Flood Immunity
The Hydrology and Flooding Technical Report states that the rail alignment is
immune to the 1% AEP event flood (plus 300 mm of freeboard). The alignment is
actually immune to the PMF local and regional flood events. This satisfies the flood
immunity criteria stated in Table 12.7 of Chapter 12 (Surface Water and Hydrology)
of the EIS (Future Freight Joint Venture, July 2020).

5.3

Change in Peak Water Level
Table 4 states the flood impact objectives for the B2G section relating to change in
peak water levels for events up to and including the 1% AEP event.
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Table 4: B2G Flood Impact Objectives Relating to Change in Peak Water Level
(Future Freight Joint Venture, July 2020)

There are no flood sensitive receptors within the Bybera Road model catchment.
There are two properties outside of the proposed corridor boundary reported to have
increases in peak water level in excess of the limits shown in Table 4. The
downstream property is used for agricultural purposes, with a reported 38mm
increase across a small area. The upstream property is currently forest, with part of
the lot utilised for industrial purposes, with a reported 160 mm increase across a
moderately large area.
The draft EIS provided no detailed justification on the acceptability of these changes
in peak water level, nor explanation on why the impact cannot reasonably be lowered
at the affected location. It is necessary to provide justification. Because the affected
area is rural and already prone to flooding, the impact may be reasonable.

5.4

Change in Duration of Inundation
Table 5 states the flood impact objectives for the B2G section relating to change in
duration of inundation for events up to and including the 1% AEP event.
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Table 5: B2G Flood Impact Objectives Relating to Change in Duration of
Inundation (Future Freight Joint Venture, July 2020)

The Technical Report identifies that there are no state-controlled or local roads
affected by flooding within the Bybera Road model for the 1% AEP event.

5.5

Change in Peak Velocity
Table 6 states the flood impact objectives for the B2G section relating to change in
velocity for events up to and including the 1% AEP event.

Table 6: B2G Flood Impact Objectives Relating to Change in Velocity (Future
Freight Joint Venture, July 2020)

The Technical Report did not discuss changes to velocity.
The Technical Report included a brief discussion on flow distribution however it was
determined that there were negligible changes to flow distributions for events up to
the 1% AEP event.

5.6

Extreme Events
Table 7 states the flood impact objectives for the B2G section relating to extreme
events.
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Table 7: B2G Flood Impact Objectives Relating to Extreme Events (Future
Freight Joint Venture, July 2020)

For assessing extreme events, the 1 in 2,000 AEP, 1 in 10,000 AEP and PMF flood
events were simulated for the Design Case.
According to the Technical Report and the provided hydraulic model results, the
formation and bridge are not overtopped in extreme local flood events.
No discussion on the extreme event impacts on local roads have been provided in
the Technical Report.
No discussion has been provided on other land that is affected by extreme events.
For example, discussion on impacts on nearby cropland. Further details should be
provided.

5.7

Sensitivity Modelling

5.7.1

Future Climate Change
Table 8 states the flood impact objectives for the B2G section relating to climate
change.

Table 8: B2G Flood Impact Objectives Relating to Climate Change (Future
Freight Joint Venture, July 2020)

The Technical Report documents ARR16 climate change impacts in the year 2090
for Representative Concentration Pathway (RCP) 8.5 at proposed structures and
sensitive receptors for only the 1% AEP event. The 2090 horizon with RCP 8.5 is the
most conservative horizon with ARR data available, which is appropriate for
assessing a piece of critical infrastructure.
The reporting and hydraulic model results indicate that the railway will not be
overtopped in this scenario.
Without assessing changes in water level in other AEP events, not enough
information has been provided to fully consider the risks posed by climate change
because smaller and more frequent events may produce greater impacts due to
rainfall intensity increases than the 1% AEP event.
It was noted that if future stages of the project are to be subject to the Infrastructure
Sustainability Council of Australia (ISCA) process to achieve a sustainability rating, it
will be difficult to achieve climate change credits if climate change induced rainfall
intensity increases are not applied to the design.
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5.7.2

Future Land Uses
Given the nature of the catchment, it is unlikely that the fraction impervious would
significantly change and cause noticeable impacts on the design event flows. As a
result, the lack of a sensitivity assessment by FFJV against future land use is
reasonable.

5.7.3

Structure Blockage
The blockage of the hydraulic structures was assessed in accordance with ARR
2016. ARR16 states that the potential for blockage needs to consider the upstream
catchment’s available debris type, dimensions, availability, transportability, structure
interaction and random chance. It was determined that the likelihood of significant
amounts of debris accumulating against the piers of the bridge was low and
subsequently adopted a zero blockage factor for the bridge.
Further details of the calculations should be provided.
No blockage sensitivity scenarios were conducted.
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6

Local Catchments Design Case Review
Proposed local catchment drainage for B2G was documented in Chapter 8
(Drainage) of the B2G Feasibility Design Report (Future Freight Joint Venture,
January 2020). Whilst most of the local catchment structures were included in the
larger flooding hydraulic models, including Yelarbon to Inglewood and this Bybera
Road hydraulic model, the large subcatchments of the regional hydraulic models
prevented assessment of the local catchment structures within those models.

6.1

Cross-Drainage
Chapter 8 was reviewed to check the local catchment flooding conditions between Ch
54.50 km and Ch 56.40 km (the section coincident with the Bybera Road flood
model). The review found that one local catchment cross-drainage culvert was
proposed: 7/1050 mm RCP at Ch 55.06 km. No issues were identified with the
hydraulic results at that culvert.

6.2

Diversion Drains
Two diversion drains are proposed for B2G. Neither are within this package, so they
are discussed in other review documents.
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7

Conclusions

7.1

Overview
A review has been completed of the Macintyre Brook – Bybera Road regional flood
model and reporting, plus the local catchment drainage for the same area, for the
Border to Gowrie section of the Inland Rail project.
Tables of the model review items are provided in Appendix 1. Section 7.3 presents a
summary of the key findings and identified issues.

7.2

Advice and Recommendations
Based on the review of the Macintyre Brook – Bybera Road models, the following
advice and recommendations are made in accordance with the Terms of Reference
for an Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Queensland Department of Transport and Main Roads, June 2020).

7.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
Whilst the Macintyre Brook – Bybera Road model was generally developed and
applied in accordance with relevant guidelines and manuals, the review identified a
few issues in relation to the development and application of the models that could
affect the interpretation of the Inland Rail flood impacts. The issues, and the
proposed methods for their resolution, are summarised in Section 7.3.

7.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The overall extent of the floodplain covered by the flood model is appropriate.

7.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
No calibration was performed for this model because no data was available.

7.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
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The Macintyre Brook – Bybera Road hydrologic model was checked against the
Quantile Regression Technique (QRT) and the RFFE, with some issues noted for
frequent events.

7.2.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area.
There are no impacts in excess of those nominated in the Flood Impact Objectives.

7.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project.
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

the provision of additional documentation to the Panel; and

•

adequate response to the issues listed in Table 10.

The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3.

7.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to:
•

the provision of additional documentation to the Panel; and

•

adequate response to the issues listed in Table 10.

The necessary additional documentation and responses is detailed in Section 7.3. It
is noted that the modelling completed in relation to the reference design will need to
be modified as part of further design.

7.3

Summary of Findings
Table 9 presents a commentary in relation to the focus areas for the panel that were
identified in the Terms of Reference for an Independent International Panel of
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Experts for Flood Studies of Inland Rail in Queensland (Queensland Department of
Transport and Main Roads, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 10.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by ARTC, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 5 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 10 to allow the relative importance of each
issue to be readily identified.
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Figure 5: Flow Chart for Resolution of Identified Issues
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Table 9: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage (e.g. reference/detailed etc.)

Yes

The extent of modelling is appropriate for the reference and design stages.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable and appropriate compared with typical
similar linear infrastructure projects

Yes

The key design criteria are reasonable and appropriate.
Assumptions

Appropriateness of model arrangements and input parameters

AIR1

Several parameters require further information and or correction.

Appropriateness of model calibration process

N/A

No calibration was performed because no data was available.

Appropriate application of input data (including addressing data gaps)

AIR1

Subject to the provision of additional documentation and sensitivity modelling, input data is generally appropriately applied.

Assumptions around land-use (crops etc.)

AIR1

Acceptable assumptions have been made in regard to land-use (subject to sensitivity testing identified with respect to application).

Appropriateness of blockage/debris assumptions

AIR1

The blockage and debris assumptions require clarification and potentially additional modelling.

Appropriateness of future events application, e.g. climate change

AIR1

The application as a sensitivity only is appropriate, subject to ISCA requirements and clarification of impacts.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
Application

Appropriate sensitivity analysis to various items e.g. flow inputs, coefficients

AIR1

Additional sensitivity assessment is required in relation to several items.

Appropriateness of change indicators

AIR1

Change indicators are generally appropriate, although a more quantitative approach to changes in velocity and duration of inundation
would be of benefit for the interpretation of results.

Appropriateness of structure and embankment representation (depending on the stage of the design)

Yes

Several aspects of the structure implementation can be improved in the Detailed Design stage.

Flood frequency analysis

N/A

No stream gauges were available, so no FFA was able to be performed.
Interpretation

1

Achievement of Design Objectives

AIR1

The Design Objectives have been achieved in most instances, though clarification is required for some items.

Appropriateness of relevant sensitivity analysis

AIR1

The sensitivity assessment completed with respect to blockage and climate change are appropriate, though additional clarification is
required.

Confirm Inland Rail-related flood impacts, if any, are comprehensively quantified and interpreted to their
local property context

AIR1

Clarification is required for some of the flood impacts.

Appropriateness of the alignment, with regard the related flood impacts, within the current EIS Study
Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

Consider whether reasonable and practical steps have been taken to mitigate flood impacts, if any,
outside of the project boundary

AIR1

Flood impacts appear largely reasonable, but further information is required.

AIR stands for Additional Information Required (as summarised in Table 9) in order to confirm that the focus issue is satisfied.
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Focus Issue

Satisfied?

Comment

Additional information that would be required to be addressed in the Detailed Design phase of the
program

Yes

It will be necessary to complete additional sensitivity analyses and to refine the models in the detailed design phase.
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Table 10: Summary of Identified Issues
Item No.

Item/Issue

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

Assumptions

BYB1

The subcatchment delineation is not
accurate in the south-western
portion of the catchment.

2.2

Subcatchment areas are slightly incorrect in
that area, resulting in inaccurate
proportioning of rainfall.

Possibly a small impact on peak flow
rates.

Low

The impact on inflow hydrographs is likely to
be minor due to the difference being
relatively small.

BYB2

The alpha and beta routing
parameters of the hydrologic model
were outside of the typical range.

2.3.2

The parameters affect the shape of the
hydrographs derived using the hydrologic
models.

Incorrect parameters could result in
incorrect design storm event peak flow
hydrographs. The design could possibly
have a different flood immunity or
better/worse hydraulic impacts than is
currently reported.

High

Sensitivity modelling should occur to check
the adopted parameters.

BYB3

The downstream boundary was not
placed sufficiently far downstream of
the proposed rail alignment and set
to a slope slightly steeper than the
topography, unverified to Yelarbon to
Inglewood results.

3.2, 3.5

The downstream boundary can incorrectly
influence upstream water levels, which is
why it must be placed sufficiently far
downstream of the area of interest. A steeper
downstream boundary can artificially lower
flood levels upstream, including at the area
of interest given it is close to that boundary.

The levels and peak flow rates at the
proposed alignment may not be correct.

High

Sensitivity modelling should occur to check
whether hydraulic model results change with
a boundary that is placed further downstream
with a boundary slope that better matches
the topography or hydraulics from the
Yelarbon to Inglewood results.

BYB4

One of the roughness parameter
values in the vicinity of the alignment
was outside of the ARR19
recommended parameter range.

3.4

The roughness values directly affect flows
through the hydraulic model.

Incorrect roughnesses could result in
incorrect water levels and velocities.

Medium

The parameter value should be justified or
corrected.

BYB5

The spatial delineation of roughness
is immature in some locations,
particularly around the creek.

3.4

The roughness delineation is a key
component of the hydraulic model.
Inaccuracies in that delineation can result in
improper results.

The flood levels near the proposed
alignment could be inaccurate.

Medium

The parameter values should be justified or
corrected.

BYB6

Inflow boundaries near the model
boundary were applied as sourcearea polygons instead of QT inflow
lines, which means that they entered
the model with zero velocity.

3.5

Excluding velocity from the inflows may
result in inaccurate flow distributions or
velocities near the inflow locations.

The peak flood levels near the proposed
alignment may be somewhat affected. The
calibration results may also be affected.

Low

Because the inflow locations are a
reasonable distance upstream, it is
anticipated that the issue can be resolved in
the Detailed Design stage.

Application

3.1

The latest TUFLOW HPC engine contains
many significant improvements and it has
been benchmarked better than the 2018
version of HPC.

The change in the hydraulic model solver
could result in slightly different peak water
levels, velocities and discharges.

Low

Normally high because the latest version
contains several significant improvements in
accuracy, but because the adopted version
was the latest at the time of the modelling, it
is reasonable. It should, however, be updated
in the next design stage.

The levels and velocities near the rail
alignment, especially for bridge flood
loads, may be inaccurate.

Medium

Clarification is required on the impact of
roughness through the bridges on flood
loads.

The flood levels near the proposed
alignment could be inaccurate.

High

Sensitivity modelling should be done to
determine the effects of this omission.

BYB7

The adopted TUFLOW HPC engine
was not the latest version

BYB8

The hydraulic model roughness was
left unchanged between the Existing
Case and Design Case hydraulic
models.

4.5

Roughness in the hydraulic model directly
affects water levels and velocities. Incorrect
roughness can result in incorrect levels and
velocities.

BYB9

The culvert (7/1050mm RCP) at Ch
55.06 km was excluded from the
hydraulic model.

4.7.1

The culvert is a critical piece of crossdrainage for the catchment.
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Item No.

Item/Issue

Reference Section

Relevance to Assessment

Impact on Design

Level of Importance

Reason for Adopted Level of Importance

BYB10

The proposed bridge was not
applied to the hydraulic model with a
corresponding form loss or blockage.
It was only modelled as an opening
in the rail embankment.

4.7.2

The bridge piers are likely to alter flood levels
and velocities at the rail alignment.

The flood levels and velocities near the
proposed alignment could be inaccurate.

Low

To be corrected in the next design stage,

BYB11

There is a significant amount of
instability in the hydraulic model
timestep.

4.8.1

The varying timestep indicates that there
could be an issue in the implementation of
the hydraulic model.

The implication on the design is unclear.

Low

The issue can be addressed in the next
design stage.

Interpretation

BYB12

Two properties are reported to have
flood level increases in excess of the
design objectives.

4.8.3

Flood level objectives should be met,
wherever possible.

The design may require adjustment to
meet the design objectives.

Medium

Justification of the impacts should be
provided or further modelling should be
conducted to reduce the impacts.

BYB13

Change in velocity is not discussed
in the EIS.

4.8.5

It is unclear whether change in velocity flood
impact objectives have been achieved.

The design may require adjustment to
meet the design objectives.

Medium

The EIS should be adjusted to clarify the
expected change in velocity.

BYB14

No discussion has been included on
extreme event impacts in the EIS.

4.8.6

It is unclear whether extreme event flood
impact objectives have been achieved.

The design may require adjustment to
meet the design objectives.

Medium

The EIS should be adjusted to clarify the
expected extreme event impacts.

BYB15

Insufficient details have been
provided in the EIS documents to
review structure blockage sensitivity
assessments.

4.8.7

It is unclear whether sensitivity testing flood
impact objectives have been achieved.

The design may require adjustment to
meet the design objectives.

Medium

Further details should be provided in the EIS
to verify that flood impact objectives have
been met.
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Appendix 1 Model Review Summary Tables
Table 11: Hydrological Model Review Summary
Item No.

Description

Checked?

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results
be reproduced

Yes

Section 2

3h

Catchment extent

Yes

Section 1.2

4h

Sub-catchment delineation

Yes

Section 2.2

5h

Model catchment areas

Yes

Section 2.2

6h

Catchment Parameters (e.g. slope,
roughness etc.)

Yes

Section 2.3.2

7h

Adopted Parameters - routing

Yes

Section 2.3.2

8h

Adopted Parameters - losses

Yes

Section 2.3.4

9h

Adopted Parameters - runoff
coefficient

Yes

Section 2.3.2

Design Representation
1d

Sub-catchment changes to represent
design

Yes

No changes made and not required
for this regional model.

2d

Model parameter changes to represent
design

Yes

No changes made and not required
for this regional model.

Flood Frequency Analysis
1f

Gauge records available

N/A

2f

Gauge record length suitable for FFA

N/A

3f

Compare design flow estimates to FFA

N/A

4f

Annual Maximum Series

N/A

5f

Number of years input to FFA
calculation

N/A

6f

Historical events

N/A

7f

Censoring and filters

N/A

8f

Probability distribution

N/A

9f

Low flow filtering

N/A
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Item No.

Description

Checked?

Additional Information

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

4c

Review rating curves

N/A
ARR 2016/2019

1a

Design flow estimates sufficient

Yes

Section 2.4.1

2a

Use of ARR 2016/2019

Yes

Section 2.3

3a

Critical duration

Yes

Section 2.4.2

4a

Mean temporal pattern selection

Yes

Section 2.4.2

5a

IFD rainfall data

Yes

Section 2.3.3

6a

Temporal pattern zone

Yes

Section 2.3.3

7a

Areal varied patterns

Yes

Section 2.3.3

8a

Areal reduction factors

Yes

Section 2.3.3

9a

Design rainfall losses - Calibration
events

N/A

10a

Design rainfall losses - ARR data hub

Yes

Section 2.3.4

Alternative Validation Method
1am

Alternative validation method used
FFA/RFFE

Yes

Section 2.4.1

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.4.1

3am

Is the RFFE appropriate for the
catchment

Yes

Section 2.4.1
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Table 12: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can
results be reproduced

Yes

Section 3.1

3h

Model extent

Yes

Section 3.2

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.5

Control
1c

TUFLOW run log

No

Not provided

2c

TUFLOW Version

Yes

Section 3.1

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

Adaptive

5c

Materials/roughness definition

Yes

Section 3.4

6c

TUFLOW Materials File

Yes

Section 3.4

7c

Direct Rainfall - Losses

NA

Lumped inflows adopted

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and
magnitude

N/A
Events and Scenarios

Events and Scenarios

Yes

Section 3.7

1% AEP

Yes

Section 3.7

Climate change

Yes

Section 5.7

Blockage

Yes

Section 5.7

Extreme events

Yes

Section 5.6

Other sensitivity assessments

Yes

Section 5.7

2e

Start and end times

Yes

No issues identified

3e

Initial conditions

Yes

None used and not required

1e
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Item No.

Description

Checked

Additional Information

4e

Event text

Yes

No issues identified

5e

Scenarios and variables

Yes

No issues identified

Boundary Conditions
1b

Inflow location

Yes

Section 3.5

2b

Inflow values

Yes

Section 3.5

3b

Boundaries

Yes

Section 3.5

4b

Direct rainfall volume check

NA

Lumped inflows adopted

5b

1D connection type

N/A

6b

1D connections

N/A

7b

Channel connections

N/A

8b

Active cells

Yes

Section 3.2

Geometry
1g

Cell orientation

Yes

Section 3.2

2g

2D active cells

Yes

Section 3.2

3g

Model extent

Yes

Section 3.2

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

Section 3.4

6g

Elevation raster check

Yes

Section 3.3

7g

Bridge representation

Yes

Section 3.6.2

8g

Breaklines

Yes

Section 3.3

9g

Topographic modifications

Yes

Section 3.3

1D Network – Existing
1e

1D input check

N/A

2e

Cover check

N/A

3e

1D continuity

N/A

4e

1D locations & sizing

N/A

5e

1D losses

N/A

6e

1D blockage

N/A

7e

1D connection type

N/A
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Item No.

Description

Checked

8e

1d connection grid cell check

N/A

9e

1d network invert levels & outlet
check

N/A

10e

Channel selection

N/A

11e

No. cross-sections

N/A

12e

Channel representation

N/A

13e

Channel input values

N/A

14e

1D IWL

N/A

Additional Information

Design Representation
1d

1D locations & sizing

N/A

2d

1D input check

N/A

3d

Cover check

N/A

4d

1D continuity

N/A

5d

1D blockage

N/A

6d

1D connection type

N/A

7d

1D connection grid cell check

N/A

8d

1D network invert levels & outlet

N/A

9d

Bridge representation

Yes

Section 4.7.2

10d

Topographic modifications

Yes

Section 4.4

11d

Design criteria flood level
impacts

Yes

Section 5.3

12d

Design criteria duration of
flooding impacts

Yes

Section 5.4

13d

Design criteria hazard category
impacts

No

Not assessed by FFJV in detail

14d

Design criteria velocity and flow
direction impacts

Yes

Section 5.5

Results
1r

Can results be replicated

Yes

No issues identified

3r

Review negative depths

Yes

None identified

4r

Review timestep outputs for
HPC

Yes

Section 5.1
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Item No.

Description

Checked

Additional Information

5r

Check raster outputs for
irregularities

Yes

Section 5

6r

Check .csv outputs for culverts

Yes

Section 5
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Pariagara Creek completed by the Future Freight Joint Venture (FFJV) in support of
the draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR)
for the Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 5.5. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the catchment of Pariagara Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Goondiwindi Regional Council local government
area.
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Figure 1: Pariagara Creek Catchment Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.
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1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed two relevant previous
studies that were coincident with the Pariagara Creek study area:
•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately coincident with the outlet of the Pariagara Creek hydraulic model. The
Inglewood Flood Study used ARR87 hydrology. A flood frequency analysis was
performed in that study at the Inglewood gauge (presumably DNRM gauge 416402).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Pariagara Creek
section of B2G between Ch 65.50 km and Ch 71.15 km. Specifically, the Pariagara
Creek URBS models and the Pariagara Creek TUFLOW model.
There are two local catchment TUFLOW models between Ch 65.50 km and Ch 71.15
km, which are described in the drainage section of the FDR (Future Freight Joint
Venture, January 2020).
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2

Hydrological Model Review

2.1

Overview
ARTC adopted the URBS hydrological model (URBS 2016) for the Pariagara Creek
catchment. This is an appropriate approach using a suitable modelling package. The
model is split in to twenty-eight sub areas. Although not strictly stated within the
Technical Report, the URBS model is based off the larger Canning Creek hydrologic
model. The hydrologic model was developed by Engeny as part of the Inglewood
Flood Study (2015) for Goondiwindi Regional Council.

2.2

Data

2.2.1

Stream Gauge Data
No stream gauges are present within the Pariagara Creek catchment.

2.3

Catchment Delineation

2.3.1

Existing and Developed Scenarios
The URBS model for Pariagara Creek consists of sub-catchment areas ranging from
3.7km2 to 23.2 km2 with a total catchment area of 245.3 km2. Catchments in URBS
should be kept as similar in size as possible to ensure consistent routing through the
model. However, it is not expected that the variation in catchment areas will cause
significant impact to the hydrologic model results. In this instance the catchments
have been split at the location where the alignment is crossed. This is deemed
appropriate to enable flow application upstream of the alignment. The rail alignment
and catchment extent are presented in Figure 2.
The hydrologic model is generally considered to be fit for purpose. However, it should
be noted that the adjoining catchments downstream of the rail alignment have not
been included. Therefore, the influence these catchments may have on tailwater
conditions and downstream storage may influence the model results. This is
discussed further in Section 3.5.
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Figure 2: Corridor Alignment Through Pariagara Creek Sub-catchments
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2.4

Model Parameters
The Pariagara Creek URBS model is a “basic” model (catchment and channel
storage for each sub-catchment is lumped together and represented as a single nonlinear reservoir). In this setup the variable Alpha is used to modify both channel and
catchment routing. It should be noted that the Pariagara model has been set as a
“split” catchment in the URBS control files but as beta is set to 0 and no x parameter
defined, the model has defaulted back to basic. It is recommended for future stages
of the project that this be corrected to avoid confusion.
Table 1 provides a summary of the reported and utilised URBS parameters.

Table 1: Pariagara Creek Reported URBS Parameters
Parameter

URBS Model Drainage Report

Alpha

1.2

m

0.8

The URBS parameter values are the default values for typical catchments in South
East Queensland and are generally appropriate for the assessment.

2.5

Design Discharges

2.5.1

Existing Case Modelling
Ten different synthetic temporal patterns are modelled per AEP to assess the impact
of temporal patterns on peak flows. This approach is consistent with the latest
Australian Rainfall and Runoff (ARR) guidance. Limited documentation was provided
in the Technical Report for critical duration selection, but it appears the analysis has
been undertaken for the hydrologic model outlet (just downstream of the main
crossing) resulting in a critical duration of 12 hours for the 1% AEP event. Table 2
summarises the critical durations utilised in the model.

Table 2: Pariagara Creek Critical Duration Assessment (Table 15.5
from draft EIS Appendix Q1)

In contrast to the critical duration selection, the hydraulic model incorporates multiple
inflow locations upstream of the alignment to assess the hydraulic structures. FFJV
provided a spreadsheet detailing the critical duration and temporal pattern selection
based on the hydraulic inflow locations. The assessment showed the applied peak
flow rates were up to 39% lower than estimated hydrologic model peak flow rates. It

7 | March 17, 2021

Appendix E: Pariagara Creek Regional Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

is noted that the most significant differences were for local catchment inflows, with
total inflows showing a better alignment to the selected inflows with differences
ranging from -11% to +5%. However, sensitivity modelling should be undertaken to
ensure the correct critical duration and temporal pattern are used to ensure
appropriate structure sizing.
No gauging stations are present in the Pariagara Creek catchment, the results of
design modelling were checked against two estimation techniques. The Regional
Flood Frequency Estimation (RFFE) and the Quantile Regression Technique (QRT).
In the absence of data these approaches are in accordance with ARR guidelines.
The flows estimated in the URBS model were between the RFFE 90% confidence
limits. The URBS peak flow estimate was approximately 79% lower and 4% higher
than the RFFE and QRT 1% AEP estimates, respectively. This difference is not
justified within the Technical Report. Although there is significant difference between
the QRT and RFFE estimates, both methods show a similar graphed shape as
shown in Figure 3. This shape is significantly different to the URBS peak flow
estimates. Further justification and proof of investigation is required within the
Technical Report to validate the use of the URBS model outflows.

Figure 3: Peak Flow Estimation Comparison (Figure 74 from draft EIS
Appendix Q1)
The Technical Report notes that losses do not vary with AEP but are based on the
Canning Creek URBS model (Inglewood Flood Study). However, unlike the other
models, which were also based on the larger Canning Creek model, the Pariagara
model losses have not been adjusted to reconcile the URBS flows to a scaled FFA.
As such, the loss approach is specific to Pariagara Creek, with losses that do not
vary with AEP (initial loss of 15 mm and continuing loss of 1 mm/hr) but have been
altered to account for pre-burst. The loss approach has produced peak flow rate
results that differ greatly from the RFFE and QRT values. As noted previously, further
justification and proof of investigation is required within the Technical Report to
validate the use of the URBS model outflows. A sample of the applied losses is
presented in Table 3.
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Table 3: Pariagara Creek Model Losses
Parameter

Initial Loss (mm)

Continuing Loss (mm/hr)

10% AEP 30 min

13.9

1.0

10% AEP 720 min

14.8

1.0

1% AEP 360min

13.9

1.0

1% AEP 720min

5.3

1.0

Areal Reduction Factors (ARFs) have also been applied within the model. The
adopted values are based on the total catchment area and the Panel was able to
replicate the applied values. The Panel agrees with calculation approach undertaken
for the adopted ARFs but notes that the focal point used for this calculation is based
on the total catchment area. As such, the ARF should be tailored for each of the five
inflow boundary locations. Therefore, the current ARF approach may cause
underestimation of the applied rainfall.
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3

Hydraulic Model Review

3.1

Overview
The Pariagara Creek hydraulic model was set up on a 5 m grid and run using
TUFLOW HPC version 2017-09-AC-w64-iSP which was released in October 2017. It
is unclear why this version has been adopted and it is recommended that in future
runs a later version of TUFLOW be used to incorporate all bug fixes since this
version.
No hydraulic model log was provided with the model.

3.2

Topography
The Pariagara Creek TUFLOW model reads in a single 1 m Digital Elevation Models
(DEMs) which are based off LiDAR survey of the area. The LiDAR was flown
specifically for ARTC in 2015.
No field survey data has been used in the development of the TUFLOW model.

3.3

Roughness
The roughness layer within the Pariagara Creek hydraulic model extent consists of
heavy, medium and light vegetation, riparian, waterway, sealed and unsealed road
layer extents. This, along with the assigned Manning’s ‘n’ value to each layer, is
deemed appropriate given the land use and the nature of the landform in the area.

3.4

Existing Structures
The Technical Report has very limited discussion on existing hydraulic structures.
However, the hydraulic model files indicate that no existing hydraulic structures have
been incorporated into the model. Therefore, no structures under the Millmerran
Inglewood road have been incorporated into the model. Although this roadway is
downstream of the alignment, as there are relatively flat storage areas (particularly
north of the Millmerran Inglewood Road and Thornton Road intersection) there is
potential for these missing structures to influence results. The Millmerran Inglewood
road bridge over Canning Creek has been removed from the Digital Elevation Model
(DEM) and therefore does not block flow. However, all other structures have not been
included. Furthermore, the lack of existing hydraulic structures issue may be
exacerbated by the omission of regional flooding in Canning Creek. The regional
flooding issue is discussed further in Section 3.5.

3.5

Boundary Conditions
The Pariagara Creek TUFLOW model extent, inflow and downstream boundary
locations are shown on Figure 4. The model boundary is set at sufficient distance
from the flood extent so there is no artificial restriction of flow (“glass walling”)
occurring. The boundary is set at a sufficient distance from the alignment so as to not
influence the results at the area of interest and has been input perpendicular to the
direction of flow.
Inflows are applied into the model via five (5) SA polygons utilising the ‘ALL’
command which evenly distributes flow to all cells the SA polygon covers. If this is
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incorrectly undertaken this approach can result in double routing of flows, as the
applied flow needs to travel further along the branch than what would occur in reality.
This double-routing occurs for both inflow 26L and 19L which distribute flow along
Pariagara Creek for approximately 2.2 km and 1.7km respectively.
As noted in Section 2.3.1, flows into the adjoining catchments downstream of the rail
alignment have not been included. Therefore, the influence of flow from downstream
catchments and regional flows from Canning Creek have on the tailwater conditions
and downstream storage may influence the model results. Furthermore, backflow up
Canning Creek occurs in the majority of design model runs. Investigation into the
likelihood of concurrent events between Pariagara catchment and the greater
Canning Creek catchment have not been included in the Technical Report. Areas
downstream of the alignment, such as north of the Millmerran Inglwood and Thornton
Road intersection, may be influenced by regional flooding and therefore impact
tailwater conditions of proposed cross drainage infrastructure. It is recommended that
further discussion regarding coincident flooding be included in the Technical Report
or sensitivity testing be undertaken to ensure the impact of regional events does not
prevent the design from meeting the flood impact objectives.
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Figure 4: TUFLOW Hydraulic Model Setup (Figure I1-D from draft EIS Appendix Q2)
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3.6

Developed Model Conditions

3.6.1

Rail Alignment
The rail alignment crest is appropriately modelled using a DEM of the alignment that
is applied directly to the hydraulic model. Furthermore, 2D point and polygon
elevation shape files have been used to represent the bridge abutments.

3.6.2

Road Upgrade
There are significant upgrades to Thornton Road proposed within the hydraulic
model, with the inclusion of approximately 4 culvert banks (190 cells). The culverts
range in size from 450 RCP to 2100 x 2100 RCBCs. These upgrades are not
discussed in the Technical Report and the report should be amended to discuss this.

3.6.3

Proposed Bridges
There is one bridge proposed as part of the alignment. The bridge is not specifically
present within the flood model however the abutments of the bridge are modelled. A
review of the PMF level at the bridge indicates the bridge deck is impacted in some
locations and therefore this approach may need to be revised. Moreover, as noted in
Section 3.5, the regional flooding has not been accounted for. Therefore, flood levels
may be underestimated which would further influence the need to include the bridge
structure in the model.

3.6.4

Proposed Culverts
The culverts are incorporated into the hydraulic model via 1D elements. A general
review of the setup of the culverts find the approach is reasonable and accords with
general best practice. However, there appear to be instability issues at PAR_001 as
shown in Figure 5.

Figure 5: 1% AEP Event Culvert PAR_001 Modelled Flow
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4

Proposed Design Results

4.1

General
The proposed design and associated results are provided within the report. In
general, the results of the modelling indicate that the impacts of the rail alignment are
manageable or acknowledged. However, there are impacts that exceed the FMOs
and are noted in Chapter 12 of the draft EIS. Yet there is no discussion on how to
mitigate these impacts or if they have been discussed with landholders.

4.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a minor variance in the simulation timestep for at least one
event (as shown in Figure 6). It is expected that this can be attributed to the version
of the software available when modelling commenced (2017-09-AC-iSP-w64).
Limited testing undertaken by the Panel using the latest version of TUFLOW (202010-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.

Figure 6: Design Case 1% AEP 12hr Temporal Pattern 04 HPC Timestep

4.3

Design Criteria Outcomes and Associated Impacts

4.3.1

Sensitivity tests
No sensitivity testing of bridge blockage has been undertaken but it is assumed that
all design bridges, based on the length of the proposed structures, have adequately
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large spans and therefore blockage is unlikely to be an issue. No blockage and 50%
blockage of culverts sensitivity runs were completed and indicate changes in water
level upstream of structures. These changes are presented in Table 4. As there are
already areas of non-conformance based on the developed case blockage, further
discussion regarding the blockage scenario and conformance should be included in
the Technical Report.

Table 4: Pariagara Creek 1% AEP Culvert Blockage (Table 15.26 from
draft EIS Appendix Q1)

4.3.2

Climate Change
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario. Given the large amount of freeboard present on the alignment at this
location relative to the 1% AEP flood level it is not anticipated that climate change
would impact the immunity of the alignment or flood receptors in the area.
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5

Conclusion

5.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Pariagara Creek catchment for the Border to Gowrie section of the
Inland Rail project. The proposed rail infrastructure in the Pariagara Creek catchment
consists of one bridge crossing and four culvert (190 cells) crossings. However, as
previously noted, the proposed changes to Thornton Road are not discussed in the
Technical Report.
A summary of the model review is provided in Appendix 1.
The following section provides an overview of the findings of the review and
recommendations with regard to required additional work, the key findings of the
review was that the adopted flow rates and lack of consideration for coincident
flooding may cause an underestimation of flood impacts, It is recommended that
further justification and sensitivity modelling be undertaken prior to the results being
adopted.

5.2

Major Crossings
An assessment of the hydrological and hydraulic modelling used to assess the
proposed Inland Rail structures located within the Pariagara Creek catchment has
been undertaken. The hydrologic model and hydraulic models assessed were URBS
model and TUFLOW models respectively. The following points show the most
significant findings of the assessment:

5.2.1

Hydrology
The hydrologic model setup is generally appropriate with the following comments:

5.2.2

•

The hydrologic parameters are based on the regional Canning Creek model and
have not been tailored to the Pariagara Creek catchment. As the catchment is
ungauged, peak flow estimates were validated against the RFFE and QRT which
do not show a reasonable approximation. Further justification is required.

•

Critical duration analysis and temporal pattern selection has only been
undertaken for the hydrologic model outlet, with a single duration and temporal
pattern selected. Sensitivity testing should be undertaken to ensure that flow is
not underestimated at proposed hydraulic structures throughout the model.

•

Coincident flooding has not been accounted for in the modelling, with regional
inflows for the Canning Creek model not being incorporated into the assessment
with the potential of underestimating backflow and backwater effects. Further
justification for the omission of regional flooding or sensitivity testing should be
included in the assessment.

Hydraulics
The hydraulic model setup is generally appropriate with the following comments:
•

Inflow has been applied to the model via an SA polygon utilising the ‘ALL’
command. This occurs for both inflow 26L and 19L which distribute flow along
Pariagara Creek for approximately 2.2 km and 1.7 km respectively, causing
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“double-routing” in the H&H model. It is recommended that this be rectified in
future stages of the modelling.
•

5.3

There is significant backflow within the model, particularly up Canning Creek. The
backflow combined with the lack of incorporating flow from downstream
catchments and regional flows from Canning Creek may influence the tailwater
conditions of hydraulic structures and impact model results.

Minor Crossings
Minor crossings are not present or assessed within the hydraulic model. Given the
location this approach is considered suitable.

5.4

Advice and Recommendations
Based on the review of the Pariagara Creek model, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020).

5.4.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood-prone environments
While general best practice approaches are followed by the study, the study has not
considered that multiple critical durations may be required to appropriately assess the
various structures in the model. Furthermore, the assessment has not considered the
influence of flow into the downstream catchments or regional flooding. This may
result in an underestimation of water levels within the model.

5.4.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate
The extent of the model is considered suitable.

5.4.3

Calibration
Whether the method, and extent, of calibration of the model accords
with guidelines and industry standards for calibration
No calibration information is present, as the catchment is ungauged, and thus no
calibration has been undertaken. This is an accepted limitation of the area and in
accordance with guidelines.

5.4.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
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used underpin the validation process, and the data points used in the
validation are appropriate
In the absence of calibration data, as the catchment is ungauged, validation to RFFE
and QRT estimates has been undertaken. The peak flow results from the hydrologic
model do fall within the error bands of the validation approach. However, there is
significant discrepancy between the hydrologic model and validation method peak
flow rates (both RFFE and QRT). This approach requires further justification.

5.4.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area
The issues with the omission of downstream catchments and regional flooding,
backflow within the model, SA inflow polygons issues, critical and temporal pattern
selection issues and validation issues may prevent the model from being deemed
suitable for impact assessment.

5.4.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially unfit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

the completion of sensitivity testing to confirm that identified issues do not result
in a significant change in flood modelling results, which may result in a need to
change the proposed design;

•

further justification for the appropriateness of design flows, particularly
addressing the poor comparison to the validation approximations; and

•

the hydrologic model be updated to incorporate downstream catchments and
coincident regional flooding.

The necessary additional documentation is detailed in Section 5.5.
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5.4.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice
The review has indicated that the reference design meets national standards and
best practice, subject to:

5.5

•

the completion of sensitivity testing to confirm that identified issues do not result
in a significant change in flood modelling results

•

further justification for the appropriateness of design flows, particularly
addressing the poor comparison to the validation approximations; and

•

the hydrologic model be updated to incorporate downstream catchments and
coincident regional flooding.

Summary of Findings
Table 5 presents a commentary in relation to the focus areas for the panel identified
in the Terms of Reference for an Independent International Panel of Experts for
Flood Studies of Inland Rail in Queensland (Final, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 6.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the draft EIS process.
The work can be completed as part of further design (prior to the use of models
for detailed design) and the requirement to complete the work can be included as
a condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.
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•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 7 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 6 to allow the relative importance of each
issue to be readily identified.

Figure 7: Flow Chart for Resolution of Identified Issues
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Table 5: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage
(e.g. reference/detailed etc.)

No

The extent of modelling is appropriate for the reference design. However, the lack of
documentation and sensitivity modelling to justify the exclusion of downstream
catchments and regional Canning Creek inflows has not been provided. Their potential
impact to tailwater conditions may change model characteristics causing changes to
results.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable
and appropriate compared with typical similar linear infrastructure
projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions
Appropriateness of model arrangements and input parameters

No

Additional documentation and sensitivity modelling is required to confirm that model
arrangements and input parameters are appropriate.

Appropriateness of model calibration process

N/A

No calibration could occur due to the limited dataset.

Appropriate application of input data (including addressing data
gaps)

Yes

The application of the input data is considered appropriate.

Assumptions around land-use (crops etc.)

Yes

The land-use assumptions are considered appropriate.

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

Yes

The future events application is appropriate, subject to the potential revision of design
rainfall intensities available for the area, subject to ISCA requirements in future stages.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
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Focus Issue

Satisfied?

Comment

Application
Appropriate sensitivity analysis to various items e.g. flow inputs,
coefficients

Yes

Appropriate sensitivity analysis has been undertaken.

Appropriateness of change indicators

AIR

Change indicators are generally appropriate, although a more quantitative approach to
changes in velocity and duration of inundation would be of benefit for the interpretation
of results.

Appropriateness of structure and embankment representation
(depending on the stage of the design)

Yes

Structures and embankments have been appropriately represented.

Flood frequency analysis

N/A

Insufficient information to enable FFA to occur
Interpretation

Achievement of Design Criteria

AIR

The Design Criteria have been generally achieved (some areas of non-conformance)
based on the current modelling results which requires sensitivity testing to ensure the
modelling approach is appropriate.

Appropriateness of relevant sensitivity analysis

AIR

The sensitivity assessment completed with respect to blockage and climate change
are appropriate. However, further sensitivity testing to ensure the modelling approach
is appropriate is required prior to impact confirmation.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their local property
context

AIR

Impacts are mapped and flood sensitive receptors are tabulated indicating
conformance but there is limited discussion provided in the Technical Report.
Furthermore, sensitivity testing is required to ensure the modelling approach is
appropriate.

Appropriateness of the alignment, with regard the related flood
impacts, within the current EIS Study Corridor

AIR

The Pariagara Creek model aims to assess the rail embankment and performance of
bridge structure 310-BR05. Further sensitivity testing to ensure the modelling approach
is appropriate for all hydraulic structures is required prior to impact confirmation.
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Focus Issue

Satisfied?

Comment

Consider whether reasonable and practical steps have been taken
to mitigate flood impacts, if any, outside of the project boundary

AIR

The Pariagara Creek model assessed the rail embankment and performance of 310BR05. As the impacts associated with these features generally achieve the design
criteria (with minor noted exceptions), reasonable and practical steps have been taken
to mitigate flood impacts. However, ARTC should also demonstrate that a cost-efficient
solution was selected. Furthermore, sensitivity testing should be undertaken to ensure
the modelling approach is appropriate for all hydraulic structures prior to impact
confirmation.

Additional information that would be required to be addressed in
the Detailed Design phase of the program

AIR

Sensitivity modelling to address model extent issues as well as downstream boundary
proximity to the alignment, if not undertaken within the EIS phase are required.

Note:

AIR stands for Additional Information Required (as summarised in Table 6) in order to confirm issue satisfied.
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Table 6: Summary of Identified Issues
Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Low

It is unclear how the combination of
these factors alters the modelled flow
characteristics at the alignment.
However, as there is a significant
length of hydraulic routing upstream of
the alignment, it is unlikely to cause a
significant impact to the resulting
assessment.

Medium

Sensitivity testing should be
undertaken to ensure that flow is not
underestimated at proposed hydraulic
structures throughout the model.

Medium

Documentation or sensitivity testing
should be undertaken to address the
justification for the omission of
downstream inflows and regional
flooding.

High

Sensitivity modelling or reasonable
justification is required to ensure that
the approach can be deemed
appropriate. Currently this is not met
and has the potential to impact the
conformance of the rail alignment.

Assumptions

PC1

Inflow has been
applied to the model
via an SA polygon
utilising the ‘ALL’
command

PC2

Critical duration
analysis and
temporal pattern
selection has only
been undertaken for
the hydrologic model
outlet, with a single
duration and
temporal pattern
selected.

PC3

Downstream
catchment inflows
and coincident
flooding has not been
accounted for in the
model.

PC4

Peak flow estimates
do not show a
reasonable
approximation to
RFFE and QRT.
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3.5

This results in double
routing of flow as the
model SA polygon
distributes flow along
Pariagara Creek for
approximately 2.2 km.

The inflow approach does not align with
the hydrologic model setup and negates
the routing approach used.

2.5, 3.5

Critical duration and
temporal pattern selection
should be undertaken to
assess key infrastructure.

The current approach of a single
temporal pattern and critical duration
selection may result in an
underestimation of peak flow at key
hydraulic infrastructure.

2.5, 3.5

The exclusion of the
downstream and regional
Canning Creek inflows has
the potential to impact the
model tailwater conditions.

The current approach does not account
for the potential impact to tailwater
conditions which is particularly important
in flat areas. Furthermore, the lack of
inflow downstream of the alignment is
allowing for backwater effects and
storage that may not be realistic in a
flood event.

2.5

The validation approach
does not justify support the
modelled peak inflow
values.

Based on the comparison to the
validation methods there is a risk that
the current flow estimates are low. As
such, the relative impacts of the rail
alignment may be underestimated
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Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Level of
Importance

Reason for Adopted Level of
Importance

The change in the hydraulic model
solver could result in slightly
different peak water levels, velocities
and discharges.

Low

The adopted version of TUFLOW
was the latest available at model
inception. However, the latest
version of TUFLOW includes bug
fixes and improvements and
should be adopted in the next
design stage.

Larger/wider bridge structures could
be required to minimise impacts to
satisfy adopted criteria.

Low

Detailed design to confirm
reasonableness of losses using
alternate approach.

Very High

To ensure that the level of detail in the
report is sufficient to describe the work
undertaken and adopted measures.

Very High

Although an increase in flood impacts
beyond the nominated objectives can
be contemplated given the use of the
affected area, greater justification for
the increase is required.

Impact on Design
Application

PC5

The adopted
TUFLOW HPC
engine was not the
latest version

PC6

No losses applied
to bridge
“openings”. Bridge
loss coefficients
not calibrated or
verified against
alternate methods.

3.1

3.6.3

The latest TUFLOW
HPC engine contains
many significant
improvements and it
has been benchmarked
better than the 2018
version of HPC.

Head loss across
structure could be
underestimated
resulting in lower
impacts upstream of the
structure.

Interpretation

PC7

PC8

Level of detail in
Technical Report

Justification for flood
impacts

3

Technical Report needs to
include a significant level
of detail to describe the
modelling undertaken and
results achieved to a
sufficient level of detail.

Without additional detail, there are
uncertainties in relation to the level of
detail of the modelling and its
appropriateness.

4.1

There are impacts that
exceed the FMOs and are
noted in Chapter 12 of the
draft EIS. Yet there is no
discussion on how to
mitigate these impacts or if
they have been discussed
with landholders.

If an increase is deemed to be
excessive, then the design will need to
be modified
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Appendix 1 Model Review Summary Tables
Table 7: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results be
reproduced

Yes

Not confirmed directly in
report but implied.

3h

Catchment extent

Yes

Section 2.3

4h

Subcatchment delineation

Yes

Section 2.3

5h

Model catchment areas

Yes

Not confirmed directly in
report but implied.

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

Section 2.4 main
parameters but not slope,
roughness

7h

Adopted Parameters - routing

Yes

Section 2.4

8h

Adopted Parameters - losses

Yes

Section 2.4

9h

Adopted Parameters - runoff coefficient

NA

Design Representation
1d

Subcatchment changes to represent design

Yes

Section 2.3

2d

Model parameter changes to represent design

Yes

Section 2.4

Flood Frequency Analysis
1f

Gauge records available

N/A

2f

Gauge record length suitable for FFA

N/A

3f

Compare design flow estimates to FFA

N/A

4f

Annual Maximum Series

N/A

5f

Number of years input to FFA calculation

N/A

6f

Historical events

N/A

7f

Censoring and filters

N/A

8f

Probability distribution

N/A

9f

Low flow filtering

N/A
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Item No.

Description

Checked

Additional Information

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

4c

Review rating curves

N/A

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Section 2.5

2a

Use of ARR 2016/2019

Yes

Section 2.5

3a

Critical duration

Yes

Section 2.5

4a

Mean temporal pattern selection

Yes

Section 2.5

5a

IFD rainfall data

Yes

Checked but not stated in
text

6a

Temporal pattern zone

Yes

Checked but not stated in
text

7a

Areal varied patterns

Yes

Checked but not stated in
text

8a

Areal reduction factors

Yes

Section 2.5

9a

Design rainfall losses - Calibration events

N/A

10a

Design rainfall losses - ARR data hub

Yes

Section 2.5

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

Section 2.5

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.5

3am

Is the RFFE appropriate for the catchment

Yes

Checked but not stated in
text

Table 8: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can results be reproduced

Yes

Not confirmed directly in
report but implied
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Item No.

Description

Checked

Additional Information

3h

Model extent

Yes

Section 3.5

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.5

Control
1c

TUFLOW run log

Yes

Not confirmed directly in
report but implied

2c

TUFLOW Version

Yes

Provided but not documented
in review

3c

Solver

Yes

Section 3.1

4c

Timestep

Yes

HPC version used

5c

Materials/roughness definition

Yes

Section 3.3

6c

TUFLOW Materials File

Yes

Provided but not documented
in review

7c

Direct Rainfall - Losses

NA

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

Events and Scenarios
Events and Scenarios

Yes

Section 2.5

1% AEP

Yes

Section 2.5, 4.3

Climate change

Yes

Section 4.3.2

Blockage

Yes

Section 4.3.1

Extreme events

Yes

Other sensitivity assessments

No

2e

Start and end times

No

3e

Initial conditions

Yes

4e

Event text

Yes

5e

Scenarios and variables

NA

1e
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Item No.

Description

Checked

Additional Information

Boundary Conditions
1b

Inflow location

Yes

Section 3.5

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.5

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Checked but not stated in text

6b

1D connections

Yes

Checked but not stated in text

7b

Channel connections

NA

8b

Active cells

NA
Geometry

1g

Cell orientation

No

Not relevant

2g

2D active cells

Yes

Checked but not stated in text

3g

Model extent

Yes

Section 3.5

4g

Material check

Yes

Section 3.3

5g

Material check (Design scenario)

Yes

No change from existing

6g

Elevation raster check

Yes

Section 3.2

7g

Bridge representation

Yes

Section 3.4

8g

Breaklines

Yes

Section 3.2

9g

Topographic modifications

Yes

Section 3.2

1D Network - Existing
1e

1D input check

NA

2e

Cover check

NA

3e

1D continuity

NA

4e

1D locations & sizing

NA

5e

1D losses

NA

6e

1D blockage

NA

7e

1D connection type

NA

8e

1d connection grid cell check

NA

9e

1d network invert levels & outlet check

NA
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Item No.

Description

Checked

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA

Additional Information

Design Representation
1d

1D locations & sizing

Yes

Checked but not stated

2d

1D input check

Yes

Checked but not stated

3d

Cover check

Yes

Checked but not stated

4d

1D continuity

Yes

Checked but not stated

5d

1D blockage

Yes

Checked but not stated

6d

1D connection type

Yes

Checked but not stated

7d

1d connection grid cell check

Yes

Checked but not stated

8d

1d network invert levels & outlet

Yes

Checked but not stated

9d

Bridge representation

Yes

Section 3.6.3

10d

Topographic modifications

Yes

Section 3.2

11d

Design criteria flood level impacts

Yes

Section 4.1

12d

Design criteria duration of flooding impacts

Yes

Checked but not stated in text

13d

Design criteria hazard category impacts

Yes

Checked but not stated in text

14d

Design criteria velocity and flow direction impacts

Yes

Checked but not stated in text

Results
1r

Can results be replicated

Yes

Checked but not stated in text

3r

Review negative depths

Yes

Checked but not stated in text

4r

Review timestep outputs for HPC

Yes

Checked but not stated in text

5r

Check raster outputs for irregularities

Yes

Checked but not stated in text

6r

Check .csv outputs for culverts

Yes

Checked but not stated in text
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Cattle Creek completed by the Future Freight Joint Venture (FFJV) in support of the
draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR) for
the Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 5.5. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the hydrologic model (Canning Creek) that contains Cattle Creek.
Figure 2 shows the hydraulic model extent of Cattle Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
The hydrologic model is mostly within the Goondiwindi Regional Council local
government area (partially within Toowoomba Regional Council local government
area), whilst the hydraulic model is entirely within the Goondiwindi Regional Council
local government area.
Note that the catchment area of the hydrologic model is 36.3 km2, which is below the
100 km2 threshold for designation as a “major” catchment by the FFJV. This
catchment is a moderate catchment. Section 8.2.1 of the FDR clarifies that for the
B2G package, unlike the other packages, both the major and the moderate
catchments are modelled as regional models.
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Figure 1: Cattle Creek Hydrologic Model Extent (Future Freight Joint Venture, July 2020)
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Figure 2: Cattle Creek Hydraulic Model Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.

1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed two relevant previous
studies that were coincident with the Cattle Creek study area:
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•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately 25 km downstream of the Cattle Creek hydrologic and hydraulic
models. The Inglewood Flood Study used ARR87 hydrology. A flood frequency
analysis was performed in that study at the Inglewood gauge (presumably DNRM
gauge 416402).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Cattle Creek section of
B2G between Ch 86.50 km and Ch 88.73 km. Specifically, the Cattle Creek URBS
models and the Cattle Creek TUFLOW model.
There is one local catchment TUFLOW model between Ch 86.50 km and Ch 88.73
km, which is described in the drainage section of the FDR (Future Freight Joint
Venture, January 2020).
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2

Hydrological Model Review

2.1

Overview
ARTC adopted the URBS hydrological model (URBS 2016) for the Cattle Creek
catchment. This is an appropriate approach using a suitable modelling package. The
model is split in to four sub areas and is based off the larger Canning Creek
hydrologic model. The hydrologic model was developed by Engeny as part of the
Inglewood Flood Study (2015) for Goondiwindi Regional Council.

2.2

Data

2.2.1

Stream Gauge Data
No stream gauges are present within the Cattle Creek catchment.

2.3

Catchment Delineation

2.3.1

Existing
Sub-catchment areas range from a minimum of 36 km2 to 0.5 km2. Catchments in
URBS should be kept as similar in size as possible to ensure consistent routing
through the model. In this instance the catchments have been split at the location
where the alignment is crossed. This is deemed appropriate to enable flow
application upstream of the alignment.
When using the URBS model, the model developers recommend that five sub
catchments are upstream of a required flow assessment point. Without the
required upstream model sub-division, calculated hydrographs can have an
inappropriate shape, and peak flow rates may be under-estimated. It is noted in
some cases this requirement is difficult to achieve (for instance where the
upstream catchment area is small).

For the main channel in Cattle Creek only two sub catchments are present.
Ideally these sub catchments could be broken down further to both better align
the areas and to meet the above criteria. However, this is considered to be a
minor issue and unlikely to dramatically alter the results.

2.3.2

Developed
No changes were made to the sub-catchment delineation between the existing and
the developed condition model in accordance with standard practice. Sub catchments
are delineated in a manner that enables flow to be applied upstream of the alignment.
The rail alignment and catchment extent are presented in Figure 3. The hydrologic
model is generally considered to be fit for purpose
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Figure 3: Corridor Alignment Through Cattle Creek Sub-catchments

2.4

Model Parameters
The Cattle Creek URBS model is a “basic” model (catchment and channel storage for
each sub-catchment is lumped together and represented as a single non-linear
reservoir). In this setup the parameter Alpha is used to modify both channel and
catchment routing.
Table 1 provides a summary of the reported and utilised URBS parameters.

Table 1: Cattle Creek Reported URBS Parameters
Parameter

URBS Model Drainage Report

Alpha

1.2

m

0.8

The reported values are the default values for typical catchments in South East
Queensland. While it is not specifically stated, the Panel has assumed the values
utilised are consistent with the values in the URBS model developed by Engeny as
part of the Inglewood Flood Study (2015) for Goondiwindi Regional Council.
However, the Inglewood Study adopted an Alpha of 1.7 for the overall Canning Creek
catchment model. No discussion has been included within the FFJV regarding the
change in parameter values. Further justification of the adopted parameters is
requested.
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2.5

Design Discharges

2.5.1

Existing Case Modelling
Ten different synthetic temporal patterns are modelled per AEP to assess the impact
of temporal patterns on peak flows. This approach is consistent with the latest
Australian Rainfall and Runoff (ARR) guidance. This however has only been
undertaken for the main crossing resulting in a critical duration of 12 hours. With the
two flood culverts that are also assessed in the model the critical duration is assumed
to be the same despite much smaller catchment areas.
Based on a preliminary review it is estimated that the peak flow for two culvert
structures, C87.37 and C87.19 are underestimated by 50% and 30% respectively.
The modelling of these two culvert systems will need to be revised to consider the
correct critical durations to ensure appropriate structure sizing is completed.
With regards to the primary Cattle Creek system, no gauging stations are present in
the catchment, the results of design modelling were checked against two estimation
techniques. The Regional Flood Frequency Estimation (RFFE) and the Quantile
Regression Technique (QRT). In the absence of data these approaches are in
accordance with ARR guidelines. The flows estimated in the URBS model were
generally lower than both scenarios by 20% in the 1% AEP and 30% in the 2% AEP.
Figure 4 presents the results of the validation checks.
There is significant error in both estimation techniques and thus a difference in flows
is not unexpected however as the design flows are lower than both estimation
techniques it would be preferential to align the design flows to these estimates.
However, it is noted there is significant freeboard present along the alignment and a
slight change in flow is unlikely to alter the proposed rail alignment elevation but may
change the impact to flood receptors.

Figure 4: Peak Flow Estimation Comparison
The Technical Report notes that hydrologic losses were adjusted to reconcile URBS
flows to area scaled FFA based on the larger Canning Creek model. The same initial
and continuing losses generated from the Canning Creek model are used in the
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Cattle Creek model. Furthermore, pre-burst has been determined based on the
Canning Creek model and applied to the Cattle Creek model. The applied loss rates
will impact the flow rate estimates. As noted previously, the Cattle Creek modelled
peak flow results are lower than RFFE and QRT values and therefore the adopted
loss rates may not be appropriate. A sample of the applied losses is presented in
Table 2: Native Dog Creek Model Losses.

Table 2: Native Dog Creek Model Losses
Parameter

Initial Loss (mm)

Continuing Loss (mm/hr)

10% AEP 30 min

37.7

2.6

10% AEP 720 min

38.4

2.3

5% AEP 180min

32.6

2.2

5% AEP 2160min

32.5

2.2

1% AEP 360min

5.4

0.4

1% AEP 7200min

6.5

0.4

For the 2D modelling, the 12 hour critical duration, temporal pattern 9 was assessed.
This is the critical duration for the main Cattle Creek channel however is not correct
for the smaller tributaries contributing to C87.37 and C87.19 as previously discussed.
The Areal Reduction Factor (ARF) has been set based on the focal location of the
main Cattle Creek channel. As per the issue with the critical durations for the smaller
tributaries, the ARF should also be assessed for each tributary independently.
The assessment that has been undertaken is considered to be appropriate for the
primary channel however additional work is required to confirm the correct sizing and
required mitigation options for the secondary tributaries contributing to C87.37 and
C87.19.
Table 3 summarises the critical durations utilised in the model.

Table 3: Cattle Creek Model Losses
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3

Hydraulic Model Review

3.1

Overview
The Cattle Creek hydraulic model was set up on a 5 m grid and run using TUFLOW
HPC version 2017-09-AC-w64-iSP which was released in October 2017. It is unclear
why this version has been adopted and it is recommended that in future runs a later
version of TUFLOW be used to incorporate all bug fixes since this version.
No hydraulic model log was provided with the model.

3.2

Topography
The Cattle Creek TUFLOW model reads in a single 1 m Digital Elevation Models
(DEMs) which are based off LiDAR survey of the area. The LiDAR was flown
specifically for ARTC.
No field survey data has been used in the development of the TUFLOW model.

3.3

Roughness
The roughness layer within the Cattle Creek hydraulic model extent is simplistic with
only a heavy vegetation layer and a road layer for Millmerran – Inglewood Road.
While simplistic it is deemed appropriate given the land use and the nature of the
landform in the area.

3.4

Existing Structures
The Hydrology and Flooding Technical Report identifies that one existing bridge is
incorporated into the hydraulic model on Millmerran-Inglewood Road (DTMR bridge
24519). A review of the model setup indicates that no specific representation of this
bridge is present in the model apart from an opening in the LiDAR to enable flow
through.
This is also present on another existing structure within the hydraulic model extent
however no details are provided in the Technical Report. Figure 5 shows the
locations of these structures.
The existing structures look to have limited immunity, with the Technical Report
indicating inundation in the 20% AEP event. It is recommended, given the location of
the structures immediately upstream of the alignment, that the bridges are
appropriately incorporated into the hydraulic model, through the use of layered flow
constrictions or 1d elements to ensure the correct hydraulic response is reaching the
alignment.
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Existing
Structures

Figure 5: Existing Crossings in LiDAR

3.5

Boundary Conditions
The Cattle Creek TUFLOW model extent, inflow and downstream boundary locations
are shown on Figure 6. The model boundary is set at sufficient distance from the
flood extent so there is no artificial restriction of flow (“glass walling”) occurring. The
downstream boundary is a HQ (stage discharge) curve automatically generated by
TUFLOW based on an input slope of 0.005 m/m. The boundary is set at a sufficient
distance from the alignment so as to not influence the results at the area of interest
and has been input perpendicular to the direction of flow.
Inflows are applied into the model via three (3) SA polygons. The boundary within the
tbc file has the SA ALL specified which evenly distributes flow to all cells the SA
polygon covers in the model. IF this is incorrectly undertaken this approach can result
in double routing of the flows, as the applied flow needs to travel further along the
branch than what would occur in reality. The inflows applied into the model we
generated from the URBS model at the downstream end of the catchment. In the
hydraulic model the flows for the two minor tributaries area applied roughly at the
centroid. In the main tributary it is much closer to the downstream end of the
catchment.
In the minor tributaries, the combination of the long lines to apply flow, upstream of
the location where the flow has been extracted from the hydrologic model is likely
resulting in an underestimation of flow at the assessed hydraulic structures. Due to
the much larger catchment area and thus the proportionally smaller variance present
in the main tributary, while the setup is not perfect, it is unlikely to make a significant
impact to the resulting assessment.
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Figure 6: TUFLOW Model Setup
Based on the review, the downstream boundary condition is suitable however the
application of flow in the model, specifically at the flood culverts within the minor
tributaries, should be revised to ensure an appropriate setup and assessment of the
structures is undertaken.

3.6

Developed Model Conditions

3.6.1

Rail Alignment
The rail alignment crest is appropriately modelled using a DEM of the alignment that
is embedded directly into the hydraulic model. The alignment is 5-6 m higher than the
surrounding ground levels in general.

3.6.2

Road Upgrade
There are no proposed road upgrades within the hydraulic model as part of the rail
works.

3.6.3

Proposed Bridges
There is one bridge proposed as part of the alignment. The bridge is not specifically
present within the flood model however the abutments of the bridge are modelled. A
review of the PMF level through the bridge indicates the bridge deck itself is not
impacted in this event and thus the approach of modelling is appropriate.

3.6.4

Culverts
Two banks of culverts (totalling 21 cross-drainage culverts) are present within the
hydraulic model setup. The hydraulic model setup however is inconsistent with the
reported sizes of the culverts, with the dimensions of C87.37 and C87.19 flipped.
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Given the catchment sizes of each culvert set it is assumed the model is correct; so
the reporting needs to be corrected.
The invert levels for C87.37 are also different in the model compared to the Technical
Report, however the levels in the hydraulic model generally tie into the landform in
the area, so this is again assumed to be an error in the reporting.
The culverts are incorporated into the hydraulic model via 1d elements. A general
review of the setup of the culverts find the approach is reasonable and accords with
general best practice.
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4

Proposed Design Results

4.1

General
The proposed design and associated results are provided within the Technical
Report. In general, the results of the modelling indicate that the impacts of the rail
alignment are manageable or acknowledged.

4.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a very little variance in the simulation timestep for at least one
event (as shown in Figure 7). Whilst this is a good finding, other events for this model
may have variances because several other B2G models showed significant
variances. It is expected that this can be attributed to the version of the software
available when modelling commenced (2017-09-AC-iSP-w64). Limited testing
undertaken by the Panel using the latest version of TUFLOW (2020-10-AA-iSP-w64)
suggested that its adoption would improve the modelling with respect to timestep.
Subsequently, the Panel recommends that the latest version of TUFLOW be adopted
for future project stages.

Figure 7: Design Case 1% AEP 9hr Temporal Pattern 09 HPC Timestep

4.3

Design Criteria Outcomes and Associated Impacts

4.3.1

Sensitivity tests
No sensitivity testing of bridge blockage has been undertaken but it is assumed that
all design bridges, based on the length of the proposed structures, have adequately
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large spans and therefore blockage is unlikely to be an issue. No blockage and 50%
blockage of culverts sensitivity runs were completed and indicate similar performance
to the design blockage scenario.
The sensitivity tests indicate, particularly at C87.37 that the incorporation of a higher
blockage value increases water levels upstream by more than 10 mm. Noting that for
this structure the current flows within the model are likely much lower than the actual
critical flows (refer section 2.5) this indicates the culverts may be undersized when an
appropriate flow rate is utilised.

4.3.2

Climate Change
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario. Given the large amount of freeboard present on the alignment at this
location relative to the 1% AEP flood level it is not anticipated that climate change
would impact the immunity of the alignment. However, Table 4 shows C87.37 has a
water level of 321.7 mAHD in the existing climate scenario and 321.9 mAHD in the
climate change scenario. In the next column a difference in water level of 0.1 m is
reported. This looks to be a reporting error and should be reviewed.

Table 4: Cattle Creek - 1% AEP event with Representative Concentration
Pathways 8.5 conditions – structure performance (Table 14.23 of the Technical
Report)
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5

Conclusion

5.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Cattle Creek catchment for the Border to Gowrie section of the
Inland Rail project. The proposed rail infrastructure in the Cattle Creek catchment
consists of one (bridge) crossing and two culvert crossings.
A summary of the model review is provided in Appendix 1.

5.2

Major Crossings
An assessment of the hydrological and hydraulic modelling used to assess the
proposed Inland Rail structures located within the Cattle Creek catchment has been
undertaken. The hydrologic model and hydraulic models assessed were URBS
model and TUFLOW models respectively. The following points show the most
significant findings of the assessment:

5.2.1

5.2.2

Hydrology
•

The model does not have a historic dataset to enable calibration. In order to
provide some confidence in the assessment both a RFFE and a QRT estimate of
flows has been undertaken. The RFFE and the QRT are quite similar however
the flows utilised within the model are consistently lower. It is noted that the flows
utilised sit within the error bands of analysis however as the flows are lower than
both the estimations it would be more conservative from a structure sizing
perspective to ensure the flows within the hydrologic model matched.

•

The design flows that have been developed utilise an ARF that is calculated at
the main bridge crossing. As the model also assesses two smaller flood culverts,
appropriate ARF and hydrologic assessment needs to be established for these
locations as well

•

Critical duration analysis has only been undertaken for the primary crossing, the
flows for the two smaller flood culverts will be underestimated and thus likely
undersized.

Hydraulics
The hydraulic model setup is generally appropriate with the following comments:
•

The culvert crossing setup within the model is inconsistent with reporting; most
likely this is due to a reporting error.

•

The SA polygon setup for the minor tributaries has the potential to double route
the flows in the system, underestimating flows at the culvert structures. It is
recommended that this be addressed in future stages of the project.

•

Only the critical duration flow for the primary tributary has been modelled,
resulting in an underestimation of flow at the two minor flood culvert systems.
Additional model runs with the correct flows will be required to confirm the sizing
of these systems and the associated impacts.
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5.3

Minor Crossings
Minor crossings are not present or assessed within the hydraulic model. Given the
location this approach is considered suitable.

5.4

Advice and Recommendations
Based on the review of the Cattle Creek model, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020).

5.4.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood-prone environments
While general best practice approaches are followed by the study, the study has not
considered that multiple critical durations may be required to appropriately assess the
various structures in the model.
ARR2019 requires the assessment of an ensemble of events, with the critical event
deemed to be the critical duration and temporal pattern that results in a flow slightly
above the critical mean flow. This is to occur at each location of interest. Similarly,
areal reduction factors in the model have not been modified to consider the smaller
contributing catchment areas for the Ch87.37 and Ch87.19 culverts within the model.
By only assessing the flows associated with the critical duration at the primary
crossing the two remaining crossings have not been appropriately assessed. A
revision to the modelling approach to consider this is required.

5.4.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate
The extent of the model is considered suitable.

5.4.3

Calibration
Whether the method, and extent, of calibration of the model accords
with guidelines and industry standards for calibration
No calibration information is present, as the catchment is ungauged, and thus no
calibration has been undertaken. This is an accepted limitation of the area and in
accordance with guidelines.

5.4.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
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used underpin the validation process, and the data points used in the
validation are appropriate
In the absence of calibration data, validation to RFFE and QRT estimates has been
undertaken. This is considered an acceptable approach.
While the flow results from the hydrologic model fall within the error bands of the
validation approach, the flows are consistently lower than both approaches. It is
considered that it would be more appropriate to increase the flows in the hydrologic
model to the flow estimations produced by the RFFE and QRT.

5.4.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area
The model is deemed suitable for impact assessment however due to the incorrect
critical durations being used for the Ch87.37 and Ch87.19 culverts, the impacts at
this stage for these systems cannot be relied upon.

5.4.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

The review and application of appropriate ARF factors to assess the Ch87.37 and
Ch87.19 culverts

•

The incorporation of additional flow events within the hydraulic model to consider
the critical durations at the Ch87.37 and Ch87.19 culverts.

•

Review of SA polygon setup for the two smaller tributaries for the Ch87.37 and
Ch87.19 culverts to ensure the approach does not result in unrealistic flow
routing.

•

Revision of documentation to incorporate changes, present the revised structure
sizing and associated impacts,

•

revision of the document to fix identified inconsistencies between the model and
the Technical Report
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5.4.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice

5.5

•

The review has indicated that the reference design meets industry standards and
best practice, subject to:

•

The review and application of appropriate ARF factors to assess the Ch87.37 and
Ch87.19 culverts

•

The incorporation of additional flow events within the hydraulic model to consider
the critical durations at the Ch87.37 and Ch87.19 culverts.

Summary of Findings
Table 5 presents a commentary in relation to the focus areas for the panel identified
in the Terms of Reference for an Independent International Panel of Experts for
Flood Studies of Inland Rail in Queensland (Final, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 6.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the draft EIS process.
The work can be completed as part of further design (prior to the use of models
for detailed design) and the requirement to complete the work can be included as
a condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
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regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.
Figure 8 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 6 to allow the relative importance of each
issue to be readily identified.

Figure 8: Flow Chart for Resolution of Identified Issues
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Table 5: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage
(e.g. reference/detailed etc.)

Yes

The extent of modelling is appropriate for the reference and design stages.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable
and appropriate compared with typical similar linear infrastructure
projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions
Appropriateness of model arrangements and input parameters

No

Additional documentation and sensitivity modelling is required to confirm that model
arrangements and input parameters are appropriate.

Appropriateness of model calibration process

N/A

No calibration could occur due to the limited dataset

Appropriate application of input data (including addressing data
gaps)

Yes

The application of the input data is considered appropriate

Assumptions around land-use (crops etc.)

Yes

The land-use assumptions are considered appropriate

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

Yes

The future events application is appropriate, subject to the potential revision of design
rainfall intensities available for the area, subject to ISCA requirements in future stages.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
Application

Appropriate sensitivity analysis to various items e.g. flow inputs,
coefficients
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Focus Issue

Satisfied?

Comment

Appropriateness of change indicators

AIR

Change indicators are generally appropriate, although a more quantitative approach to
changes in velocity and duration of inundation would be of benefit for the interpretation
of results

Appropriateness of structure and embankment representation
(depending on the stage of the design)

Yes

Structures and embankments have been appropriately represented however there is
inconsistency between the reported structures and the modelled structures.

Flood frequency analysis

N/A

Insufficient information to enable FFA to occur
Interpretation

Achievement of Design Criteria

No

The modelling does not consider the correct flows for all structures assessed. Design
flows for the Ch87.37 and Ch87.19 culverts need to be based off the correct critical
duration and ARF factor. As this has not occurred the design criteria has not been
achieved.

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessment completed with respect to blockage and climate change
are appropriate.

No

The modelling does not consider the correct flows for all structures assessed. Design
flows for the Ch87.37 and Ch87.19 culverts need to be based off the correct critical
duration and ARF factor. As this has not occurred the flood related impacts have not
been assessed.

AIR

Ultimately the change of design flows is not considered to have a material impact on
the appropriateness of the alignment however the associated structures will likely have
to change and thus there is a potential for the associated impacts to change. This
outcome requires further analysis to confirm.

Consider whether reasonable and practical steps have been taken
to mitigate flood impacts, if any, outside of the project boundary

AIR

Ultimately the change of design flows is not considered to have a material impact on
the appropriateness of the alignment however the associated structures will likely have
to change and thus there is a potential for the associated impacts to change. This
outcome requires further analysis to confirm.

Additional information that would be required to be addressed in
the Detailed Design phase of the program

Yes

Information on existing structures along the roadway should be incorporated into the
model, in addition to local ground survey. This will ensure the alignment and structures
act appropriately with the existing system.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their local property
context

Appropriateness of the alignment, with regard the related flood
impacts, within the current EIS Study Corridor

Note:

AIR stands for Additional Information Required (as summarised in Table 6) in order to confirm issue satisfied.
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Table 6: Summary of Identified Issues
Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Assumptions

CC1

Insufficient
information is
provided in relation to
the Macintyre Brook
FFA and its use in
the validation
process.

CC2

CC3

CC4

CC5

2.4

Potentially affects the
validation of the hydrologic
model and subsequent
design flows.

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

High

Design flow estimates are well below
the estimates derived by the RFFE
and QRT methods.

Parameters used in
URBS model

2.4

Potentially affects the
peak flow derived for
design events

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

Medium

Clarification is sought in relation to
reasons for change in alpha
parameter from previous Engeny
study.

Final loss rates not
detailed in Technical
Report. Potential
variation in loss rates
could mask
inadequacies with
other URBS
parameters.

2.5

Loss rates can affect the
magnitude of flow for
design events.

The use of alternate loss rates could
affect design flows and therefore the
required size of drainage structures.

Low

Adopted loss rates are considered to
be conservative.

2.5

The ARF for the Ch87.37
and Ch87.19 culverts has
not been set in
accordance with best
practice guidance

The ARF used to assess the Ch87.37
and Ch87.19 culverts is too high and
thus the sizing of the culverts may be
too small

Very High

The issue has consequences for the
sizing of the structures and associated
impacts due to the structures.

2.5

The critical duration and
temporal pattern for the
Ch87.37 and Ch87.19
culverts has not been set
in accordance with best
practice guidance

The flows applied are too low and thus
the sizing of the culverts is too small

Very High

The issue has consequences for the
sizing of the structures and associated
impacts due to the structures.

Incorrect ARF
parameter for the
Ch87.37 and
Ch87.19 culverts

Incorrect design
event selection for
the Ch87.37 and
Ch87.19 culverts
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Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

CC6

Final loss rates not
detailed in Technical
Report. Potential
variation in loss rates
could mask
inadequacies with
other URBS
parameters.

2.5

Loss rates can affect the
magnitude of flow for
design events.

The use of alternate loss rates could
affect design flows and therefore the
required size of drainage structures.

Low

Adopted loss rates are considered to
be conservative.

CC7

SA polygon setup for
the two smaller
tributaries results in
unrealistic additional
flow routing.

3.5

Inappropriate flow
application results in
incorrect flows to assess
structures

Ch87.37 and Ch87.19 culverts may be
undersized due to over attenuated flows

Medium

While the issue is noted it is unlikely
to have a dramatic change to the flow
estimates at the structure. Can be
revised at a later date.

Low

The adopted version of TUFLOW was
the latest available at model inception.
However, the latest version of
TUFLOW includes bug fixes and
improvements and should be adopted
in the next design stage.

Very High

To ensure that the level of detail in the
Technical Report is sufficient to
describe the work undertaken and
adopted measures.

Application

CC8

The adopted
TUFLOW HPC
engine was not the
latest version

3.1

The latest TUFLOW HPC
engine contains many
significant improvements
and it has been
benchmarked better than
the 2018 version of HPC.

The change in the hydraulic model
solver could result in slightly different
peak water levels, velocities and
discharges.

Interpretation

CC9

Level of detail in
Technical Report
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Technical Report needs to
include a significant level
of detail to describe the
modelling undertaken and
results achieved to a
sufficient level of detail.

Without additional detail, there are
uncertainties in relation to the level of
detail of the modelling and its
appropriateness.
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Appendix 1 Model Review Summary Tables
Table 7: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results be
reproduced

Yes

Not confirmed directly in
report but implied.

3h

Catchment extent

Yes

Section 2.3

4h

Subcatchment delineation

Yes

Section 2.3

5h

Model catchment areas

Yes

Not confirmed directly in
report but implied.

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

Section 2.4 main
parameters but not slope,
roughness

7h

Adopted Parameters - routing

Yes

Section 2.4

8h

Adopted Parameters - losses

Yes

Section 2.4

9h

Adopted Parameters - runoff coefficient

NA

Design Representation
1d

Subcatchment changes to represent design

Yes

Section 2.3

2d

Model parameter changes to represent design

Yes

Section 2.4

Flood Frequency Analysis
1f

Gauge records available

N/A

2f

Gauge record length suitable for FFA

N/A

3f

Compare design flow estimates to FFA

N/A

4f

Annual Maximum Series

N/A

5f

Number of years input to FFA calculation

N/A

6f

Historical events

N/A

7f

Censoring and filters

N/A

8f

Probability distribution

N/A

9f

Low flow filtering

N/A
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Item No.

Description

Checked

Additional Information

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

4c

Review rating curves

N/A

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Section 2.5

2a

Use of ARR 2016/2019

Yes

Section 2.5

3a

Critical duration

Yes

Section 2.5

4a

Mean temporal pattern selection

Yes

Section 2.5

5a

IFD rainfall data

Yes

Checked but not stated in
text

6a

Temporal pattern zone

Yes

Checked but not stated in
text

7a

Areal varied patterns

Yes

Checked but not stated in
text

8a

Areal reduction factors

Yes

Section 2.5

9a

Design rainfall losses - Calibration events

N/A

10a

Design rainfall losses - ARR data hub

Yes

Section 2.5

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

Section 2.5

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.5

3am

Is the RFFE appropriate for the catchment

Yes

Checked but not stated in
text

Table 8: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can results be reproduced

Yes

Not confirmed directly in
report but implied
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Item No.

Description

Checked

Additional Information

3h

Model extent

Yes

Section 3.5

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.5

Control
1c

TUFLOW run log

Yes

Not confirmed directly in
report but implied

2c

TUFLOW Version

Yes

Provided but not documented
in review

3c

Solver

Yes

Section 3.1

4c

Timestep

Yes

HPC version used

5c

Materials/roughness definition

Yes

Section 3.3

6c

TUFLOW Materials File

Yes

Provided but not documented
in review

7c

Direct Rainfall - Losses

NA

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

Events and Scenarios
Events and Scenarios

Yes

Section 2.5

1% AEP

Yes

Section 2.5, 4.3

Climate change

Yes

Section 4.3.2

Blockage

Yes

Section4.3.1

Extreme events

Yes

Other sensitivity assessments

No

2e

Start and end times

No

3e

Initial conditions

Yes

4e

Event text

Yes

5e

Scenarios and variables

NA

1e
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Item No.

Description

Checked

Additional Information

Boundary Conditions
1b

Inflow location

Yes

Section 3.5

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.5

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Checked but not stated in text

6b

1D connections

Yes

Checked but not stated in text

7b

Channel connections

NA

8b

Active cells

NA
Geometry

1g

Cell orientation

No

Not relevant

2g

2D active cells

Yes

Checked but not stated in text

3g

Model extent

Yes

Section 3.5

4g

Material check

Yes

Section 3.3

5g

Material check (Design sceanrio)

Yes

No change from existing

6g

Elevation raster check

Yes

Section 3.2

7g

Bridge representation

Yes

Section 3.4

8g

Breaklines

Yes

Section 3.2

9g

Topographic modifications

Yes

Section 3.2

1D Network - Existing
1e

1D input check

NA

2e

Cover check

NA

3e

1D continuity

NA

4e

1D locations & sizing

NA

5e

1D losses

NA

6e

1D blockage

NA

7e

1D connection type

NA

8e

1d connection grid cell check

NA

9e

1d network invert levels & outlet check

NA
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Item No.

Description

Checked

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA

Additional Information

Design Representation
1d

1D locations & sizing

Yes

Checked but not stated

2d

1D input check

Yes

Checked but not stated

3d

Cover check

Yes

Checked but not stated

4d

1D continuity

Yes

Checked but not stated

5d

1D blockage

Yes

Checked but not stated

6d

1D connection type

Yes

Checked but not stated

7d

1d connection grid cell check

Yes

Checked but not stated

8d

1d network invert levels & outlet

Yes

Checked but not stated

9d

Bridge representation

Yes

Section 3.6.3

10d

Topographic modifications

Yes

Section 3.2

11d

Design criteria flood level impacts

Yes

Section 4.1

12d

Design criteria duration of flooding impacts

Yes

Checked but not stated in text

13d

Design criteria hazard category impacts

Yes

Checked but not stated in text

14d

Design criteria velocity and flow direction impacts

Yes

Checked but not stated in text

Results
1r

Can results be replicated

Yes

Checked but not stated in text

3r

Review negative depths

Yes

Checked but not stated in text

4r

Review timestep outputs for HPC

Yes

Checked but not stated in text

5r

Check raster outputs for irregularities

Yes

Checked but not stated in text

6r

Check .csv outputs for culverts

Yes

Checked but not stated in text

March 17, 2021 | 29

Appendix G

Native Dog Creek Models
Review

March 17, 2021 | G-1

Independent International
Panel of Experts for Flood
Studies of Inland Rail in
Queensland
Appendix G: Native Dog Creek Models Review - Draft
Report on Review of Border to Gowrie Section
March 17, 2021

Appendix G: Native Dog Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Contents
1

2

3

4

5

Introduction .................................................................................................................................... 1
1.1

Overview .............................................................................................................................. 1

1.2

Catchment Extent ................................................................................................................ 1

1.3

Methodology ........................................................................................................................ 4
1.3.1 Overall .................................................................................................................... 4
1.3.2 Community Consultation ........................................................................................ 4

1.4

Previous Studies.................................................................................................................. 4

1.5

Scope of the Review............................................................................................................ 5

Hydrological Model Review ........................................................................................................... 6
2.1

Overview .............................................................................................................................. 6

2.2

Data ..................................................................................................................................... 6
2.2.1 Stream Gauge Data ............................................................................................... 6

2.3

Catchment Delineation ........................................................................................................ 6
2.3.1 Existing and Developed Scenarios ........................................................................ 6

2.4

Model Parameters ............................................................................................................... 7

2.5

Design Discharges .............................................................................................................. 8
2.5.1 Existing Case Modelling ......................................................................................... 8

Hydraulic Model Review .............................................................................................................. 11
3.1

Overview ............................................................................................................................ 11

3.2

Topography ....................................................................................................................... 11

3.3

Roughness ........................................................................................................................ 11

3.4

Existing Structures............................................................................................................. 11

3.5

Boundary Conditions ......................................................................................................... 11

3.6

Developed Model Conditions ............................................................................................ 14
3.6.1 Rail Alignment ...................................................................................................... 14
3.6.2 Road Upgrade ...................................................................................................... 14
3.6.3 Proposed Bridges and Culverts ........................................................................... 14

Proposed Design Results ............................................................................................................ 17
4.1

General .............................................................................................................................. 17

4.2

Timestep ............................................................................................................................ 17

4.3

Design Criteria Outcomes and Associated Impacts .......................................................... 17
4.3.1 Sensitivity tests ..................................................................................................... 17
4.3.2 Climate Change.................................................................................................... 18

Conclusion ................................................................................................................................... 19
5.1

Overview ............................................................................................................................ 19

5.2

Major Crossings ................................................................................................................. 19
5.2.1 Hydrology ............................................................................................................. 19
5.2.2 Hydraulics ............................................................................................................. 19

5.3

Minor Crossings ................................................................................................................. 20

5.4

Advice and Recommendations .......................................................................................... 20
5.4.1 Relevant Guidelines ............................................................................................. 20
5.4.2 Floodplain Extent .................................................................................................. 20
5.4.3 Calibration ............................................................................................................ 20
5.4.4 Validation .............................................................................................................. 20
5.4.5 Impacts and Impact Mitigation ............................................................................. 21
5.4.6 Fit for Purpose ...................................................................................................... 21

March 17, 2021 | i

Appendix G: Native Dog Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

5.4.7
5.5

Best Practice ........................................................................................................ 21

Summary of Findings......................................................................................................... 22

Appendix 1 Model Review Summary Tables ........................................................................................ 29

Tables
Table 1: Native Dog Creek Reported URBS Parameters ....................................................................... 7
Table 2: Native Dog Creek Model Losses ............................................................................................ 10
Table 3: Native Dog Creek Critical Duration Assessment .................................................................... 10
Table 4: Review of Focus Issues .......................................................................................................... 24
Table 5: Summary of Identified Issues .................................................................................................. 26
Table 6: Hydrological Model Review Summary .................................................................................... 29
Table 7: Hydraulic Model Review Summary ......................................................................................... 30

Figures
Figure 1: Native Dog Creek Hydrologic Model Extent (Future Freight Joint Venture, July 2020) .......... 2
Figure 2: Native Dog Creek Hydraulic Model Extent (Future Freight Joint Venture, July 2020) ............ 3
Figure 3: Corridor Alignment Through Native Dog Creek Sub-catchments ............................................ 7
Figure 4: Native Dog Creek 1% AEP Results Analysis for Critical Duration Selection........................... 8
Figure 5: Peak Flow Estimation Comparison .......................................................................................... 9
Figure 6: TUFLOW Model Setup .......................................................................................................... 13
Figure 7: Downstream Boundary Water Level Long Section Plot......................................................... 14
Figure 8: Extreme Event Flow Interaction Issues ................................................................................. 16
Figure 9: Design Case 1% AEP 6hr Temporal Pattern 03 HPC Timestep ........................................... 17
Figure 10: Flow Chart for Resolution of Identified Issues ..................................................................... 23

ii | March 17, 2021

Appendix B: Native Dog Creek Regional Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Native Dog Creek completed by the Future Freight Joint Venture (FFJV) in support of
the draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR)
for the Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 5.5. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the hydrologic model (Canning Creek) that contains Native Dog
Creek. Figure 2 shows the hydraulic model extent of Native Dog Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are partially within the Goondiwindi Regional Council and Toowoomba
Regional Council local government areas.
Note that the catchment area of the hydrologic model is 27.5 km2, which is below the
100 km2 threshold for designation as a “major” catchment by the FFJV. This
catchment is a moderate catchment. Section 8.2.1 of the FDR clarifies that for the
B2G package, unlike the other packages, both the major and the moderate
catchments are modelled as regional models.
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Figure 1: Native Dog Creek Hydrologic Model Extent (Future Freight Joint Venture, July 2020)
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Figure 2: Native Dog Creek Hydraulic Model Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.

1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed two relevant previous
studies that were coincident with the Native Dog Creek study area:
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•

Inglewood Flood Study. (Engeny Water Management, 2015)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately 33 km downstream of the Native Dog Creek hydrologic and hydraulic
models. The Inglewood Flood Study used ARR87 hydrology. A flood frequency
analysis was performed in that study at the Inglewood gauge (presumably DNRM
gauge 416402).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Native Dog Creek
section of B2G between Ch 93.50 km and Ch 95.65 km. Specifically, the Native Dog
Creek URBS models and the Native Dog Creek TUFLOW model.
There are two local catchment TUFLOW models between Ch 93.50 km and Ch 95.65
km, which are described in the drainage section of the FDR (Future Freight Joint
Venture, January 2020).
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2

Hydrological Model Review

2.1

Overview
ARTC adopted the URBS hydrological model (URBS 2016) for the Native Dog Creek
catchment. This is an appropriate approach using a suitable modelling package. The
model is split in to four sub areas and is based off the larger Canning Creek
hydrologic model. The hydrologic model was developed by Engeny as part of the
Inglewood Flood Study (2015) for Goondiwindi Regional Council.

2.2

Data

2.2.1

Stream Gauge Data
No stream gauges are present within the Native Dog Creek catchment.

2.3

Catchment Delineation

2.3.1

Existing and Developed Scenarios
The URBS model for Native Dog Creek consists of a single catchment that is 27.2
km2. The catchment spans from the upper reaches of Native Dog Creek down to the
rail alignment. No change was required for the developed scenario as the model
extent terminates at the rail alignment. The rail alignment and catchment extent are
presented in Figure 3.
It is generally recommended that at least five sub-catchments are required upstream
of a calculation point when estimating flows in software packages such as URBS.
This is to ensure flow routing is effectively captured within the hydrologic model.
However, this is not always practical, such as inputting internal inflows for local
catchments, and calibration against recorded data or checking of flow rates against
other peak flow estimate approaches should be used for validation purposes.
The hydrologic model is generally considered to be fit for purpose. However, it should
be noted that the adjoining catchments (to the North East) have been modelled
separately to Native Dog Creek. Furthermore, the immediate adjacent catchment has
a noted flow path through the hydraulic model extent as presented in Figure 3. In
extreme events, such as the PMF, this issue likely causes the model to fail to capture
the interaction of flow between catchments. This is discussed further in Section 3.5.
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Figure 3: Corridor Alignment Through Native Dog Creek Sub-catchments

2.4

Model Parameters
The Native Dog Creek URBS model is a “basic” model (catchment and channel
storage for each sub-catchment is lumped together and represented as a single nonlinear reservoir). In this setup the variable Alpha is used to modify both channel and
catchment routing.
Table 1 provides a summary of the reported and utilised URBS parameters.

Table 1: Native Dog Creek Reported URBS Parameters
Parameter

URBS Model Drainage Report

Alpha

1.2

m

0.8
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The reported values are the default values for typical catchments in South East
Queensland. While it is not specifically stated, the Panel has assumed the values
utilised are consistent with the values in the URBS model developed by Engeny as
part of the Inglewood Flood Study (2015) for Goondiwindi Regional Council.
However, the Inglewood Study adopted an Alpha of 1.7 for the overall Canning Creek
catchment model. No discussion has been included within the FFJV regarding the
change in parameter values. Further justification of the adopted parameters is
requested.

2.5

Design Discharges

2.5.1

Existing Case Modelling
Ten different synthetic temporal patterns are modelled per AEP to assess the impact
of temporal patterns on peak flows. This approach is consistent with the latest
Australian Rainfall and Runoff (ARR) guidance. It appears the critical duration
analysis has been undertaken for the main crossing resulting in a critical duration of 2
hours for the 1% AEP event. Limited documentation was provided in the technical
report for critical duration selection but an analysis undertaken by the Panel of the
1% AEP hydrologic model results, as shown in Figure 4, confirms the selection
made. It should be noted that the critical duration varies significantly between AEPs,
e.g. the selected critical duration for the 10% AEP is 9 hours. Checking of other AEP
critical duration suitability has not been undertaken by the Panel as it has been
assumed that a consistent approach, in accordance with ARR, has been undertaken.
Although it is not normally expected that critical durations would vary this significantly
between AEPs, it is not uncommon when using the latest ARR guidance due to the
increased number of synthetic temporal patterns. It should also be noted that
although there are two design culverts within the hydraulic model extent, they have
been assessed with a separate drainage model.

Figure 4: Native Dog Creek 1% AEP Results Analysis for Critical Duration
Selection
No gauging stations are present in the Native Dog Creek catchment, the results of
design modelling were checked against two estimation techniques. The Regional
Flood Frequency Estimation (RFFE) and the Quantile Regression Technique (QRT).
In the absence of data these approaches are in accordance with ARR guidelines.
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The flows estimated in the URBS model were generally between the RFFE and QRT
peak flow estimates. The URBS peak flow estimate was approximately 15% lower
and 12% higher than the RFFE and QRT 1% AEP estimates, respectively. Figure 4
presents the results of the validation checks.

Figure 5: Peak Flow Estimation Comparison
The Technical Report notes that hydrologic losses were adjusted to reconcile URBS
flows to area scaled FFA based on the larger Canning Creek model. The same initial
and continuing losses generated from the Canning Creek model are used in the
Native Dog Creek model. Furthermore, pre-burst has been determined based on the
Canning Creek model and applied to the Native Dog Creek model. The loss
approach, although not specific to Native Dog Creek has produced peak flow rate
results in alignment with the RFFE and QRT values. A sample of the applied losses
is presented in Table 2.
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Table 2: Native Dog Creek Model Losses
Parameter

Initial Loss (mm)

Continuing Loss (mm/hr)

10% AEP 30 min

37.7

2.6

10% AEP 720 min

38.4

2.3

5% AEP 180min

32.6

2.2

5% AEP 2160min

32.5

2.2

1% AEP 360min

5.4

0.4

1% AEP 7200min

6.5

0.4

For the 2D modelling, one temporal pattern per AEP was chosen. First, the critical
duration is determined for the given AEP and of the ten temporal patterns the one
that results in the median peak flow was selected. Additionally, the Areal Reduction
Factor (ARF) has been set based on the alignment location. This is consistent with
current accepted best practice. Table 3 summarises the critical durations utilised in
the model.

Table 3: Native Dog Creek Critical Duration Assessment
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3

Hydraulic Model Review

3.1

Overview
The Native Dog Creek hydraulic model was set up on a 5 m grid and run using
TUFLOW HPC version 2017-09-AC-w64-iSP which was released in October 2017. It
is unclear why this version has been adopted and it is recommended that in future
runs a later version of TUFLOW be used to incorporate all bug fixes since this
version.
No hydraulic model log was provided with the model.

3.2

Topography
The Native Dog Creek TUFLOW model reads in a single 1 m Digital Elevation
Models (DEMs) which are based off LiDAR survey of the area. The LiDAR was flown
specifically for ARTC in 2015.
No field survey data has been used in the development of the TUFLOW model.

3.3

Roughness
The roughness layer within the Native Dog Creek hydraulic model extent consists of
heavy, medium and light vegetation as well as sealed and unsealed roads layer
extents. This, along with the assigned Manning’s ‘n’ value to each layer, is deemed
appropriate given the land use and the nature of the landform in the area.

3.4

Existing Structures
The Hydrology and Flooding Technical Report identifies that one existing bridge is
incorporated into the hydraulic model on Millmerran-Inglewood Road (DTMR bridge
24518). A review of the model setup indicates that no specific representation of this
bridge is present in the model apart from an opening in the LiDAR to enable flow
through. It is recommended, given the location of the structures immediately
upstream of the alignment, that the bridge is appropriately incorporated into the
hydraulic model, through the use of layered flow constrictions or 1d elements to
ensure the correct hydraulic response is reaching the alignment.

3.5

Boundary Conditions
The Native Dog Creek TUFLOW model extent, inflow and downstream boundary
locations are shown on Figure 6. The model boundary is not set at sufficient distance
from the flood extent as there is artificial restriction of flow (“glass walling”) occurring
in the PMF event. This issue is discussed further in Section 3.6.3.
The downstream boundary is a HQ (stage discharge) curve automatically generated
by TUFLOW based on an input slope of 0.005 m/m. The boundary is set between 80
m and 150 m downstream of the alignment. This is not a sufficient distance from the
alignment to not influence the results at the area of interest. Long section analysis of
water levels in the area, as presented in Figure 7, indicate that the boundary maybe
drawing out of the model which would reduce the potential impact of the design. It is
recommended that the boundary be shifter further away from the area of interest or
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sensitivity testing be undertaken to ensure the boundary location does not influence
the model results.
As noted in Section 2.3.1, adjoining catchments (to the North East) have been
modelled separately to Native Dog Creek. This issue likely causes the model to fail to
capture the interaction of flow between catchments. This is discussed further in
Section 3.6.
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Figure 6: TUFLOW Model Setup
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Figure 7: Downstream Boundary Water Level Long Section Plot
Inflow has been applied to the model via an SA polygon utilising the ‘ALL’ command
which evenly distributes flow to all cells the SA polygon covers. If this is incorrectly
undertaken this approach can result in double routing of flows, as the applied flow
needs to travel further along the branch than what would occur in reality. This occurs
in the applied approach as the SA polygon distributes flow along Native Dog Creek
for approximately 800 m. The inflows applied into the model was generated from the
URBS model at the catchment centroid but based on the routing length from the
centroid to the downstream boundary. Furthermore, the inflow has been applied
approximately 3.4 km downstream of the centroid location. It is unclear how the
combination of these factors alters the modelled flow characteristics at the alignment.
However, as there is a significant length of hydraulic routing upstream of the
alignment, it is unlikely to cause a significant impact to the resulting assessment.

3.6

Developed Model Conditions

3.6.1

Rail Alignment
The rail alignment crest is appropriately modelled using a DEM of the alignment that
is applied directly to the hydraulic model. Furthermore, 2D point and polygon
elevation shape files have been used to represent the bridge abutments.

3.6.2

Road Upgrade
There are no proposed road upgrades within the hydraulic model as part of the rail
works.

3.6.3

Proposed Bridges and Culverts
There is one bridge proposed as part of the alignment. The bridge is not specifically
present within the flood model however the abutments of the bridge are modelled. A
review of the PMF level at the bridge indicates the bridge deck itself is not impacted
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in this event and therefore the approach would be appropriate. However, as noted in
Section 2.3.1, the adjacent catchment inflows have not been included and therefore
PMF levels may be underestimated.
Two banks of culverts (totally 20 cells) are present within the hydraulic model.
Although the Technical Report notes the inclusion of the culverts in the hydraulic
model, it notes that these models were sized through local drainage design.
The culverts are incorporated into the hydraulic model via 1d elements. A general
review of the setup of the culverts find the approach is reasonable and accords with
general best practice.
As noted in Section 2.3.1, the adjacent catchment inflows have not been included in
the hydraulic model. This is an issue in extreme event modelling (such as the PMF)
where the interaction of flow between catchments is not effectively represented in the
modelling. Although this issue may not be present for events up to the 1% AEP,
where this interaction may not be present, for events such as the PMF it is. This is
presented in Figure 8, which shows the interaction between the Bringalily model and
Native Dog Creek model PMF flood extents. Furthermore, there is clear artificial
restriction of flow along the model boundary. These issues indicate a poor model
representation of design and existing flood conditions and flood impacts for extreme
events. Therefore, the current flood representation of the alignment, proposed bridge
and culverts in extreme events, is poor. Both the artificial restriction and interaction of
flow between catchments needs to be addressed.
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Figure 8: Extreme Event Flow Interaction Issues

16 | March 17, 2021

Appendix G: Native Dog Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

4

Proposed Design Results

4.1

General
The proposed design and associate results are provided within the Technical Report.
In general, the results of the modelling indicate that the impacts of the rail alignment
are manageable or acknowledged.

4.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a very little variance in the simulation timestep for at least one
event (as shown in Figure 9). Whilst this is a good finding, other events for this model
may have variances because several other B2G models showed significant
variances. It is expected that this can be attributed to the version of the software
available when modelling commenced (2017-09-AC-iSP-w64). Limited testing
undertaken by the Panel using the latest version of TUFLOW (2020-10-AA-iSP-w64)
suggested that its adoption would improve the modelling with respect to timestep.
Subsequently, the Panel recommends that the latest version of TUFLOW be adopted
for future project stages.

Figure 9: Design Case 1% AEP 6hr Temporal Pattern 03 HPC Timestep

4.3

Design Criteria Outcomes and Associated Impacts

4.3.1

Sensitivity tests
No sensitivity testing of bridge blockage has been undertaken but it is assumed that
all design bridges, based on the length of the proposed structures, have adequately
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large spans and therefore blockage is unlikely to be an issue. No blockage of culvert
sensitivity runs were completed as they were undertaken as part of the local drainage
modelling.

4.3.2

Climate Change
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario. Given the large amount of freeboard present on the alignment at this
location relative to the 1% AEP flood level it is not anticipated that climate change
would impact the immunity of the alignment or flood receptors in the area.
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5

Conclusion

5.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Native Dog Creek catchment for the Border to Gowrie section of the
Inland Rail project. The proposed rail infrastructure in the Native Dog Creek
catchment consists of one bridge crossing and two culvert crossings.
A summary of the model review is provided in Appendix 1.

5.2

Major Crossings
An assessment of the hydrological and hydraulic modelling used to assess the
proposed Inland Rail structures located within the Native Dog Creek catchment has
been undertaken. The hydrologic model and hydraulic models assessed were URBS
model and TUFLOW models respectively. The following points show the most
significant findings of the assessment:

5.2.1

Hydrology
The hydrologic model setup is generally appropriate with the following comments:
•

5.2.2

The hydrologic parameters are based on the regional Canning Creek model and
have not be tailored to the Native Dog Creek catchment. However, as the
catchment is ungauged, peak flow estimates were validated against the RFFE
and QRT which showed a reasonable approximation.

Hydraulics
The hydraulic model setup is generally appropriate with the following comments:
•

Inflow has been applied to the model via an SA polygon utilising the ‘ALL’
command. This results in double routing of flow as the model SA polygon
distributes flow along Native Dog Creek for approximately 800 m. Furthermore,
the inflow has been applied approximately 3.4 km downstream of the centroid
location. It is unclear how the combination of these factors alters the modelled
flow characteristics at the alignment. However, as there is a significant length of
hydraulic routing upstream of the alignment, it is unlikely to cause a significant
impact to the resulting assessment.

•

The hydraulic model extent is not set at sufficient distance from the flood extent
as there is artificial restriction of flow (“glass walling”) occurring in the PMF event.
Based on the current model inflow arrangement, this is not an issue for all events,
such as the 1% AEP event. However, it must be addressed prior to the use of
PMF water level and impact results.

•

Adjacent catchment inflows have not been included as in the hydraulic model.
This is an issue in extreme event modelling (such as the PMF) where the
interaction of flow between catchments is not effectively represented in the
modelling. The current flood representation of the alignment, proposed bridge
and culverts in extreme events, is poor and both the artificial restriction and
interaction of flow needs to be addressed.
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•

5.3

The downstream HQ boundary is set between 80 m and 150 m downstream of
the alignment. This is not a sufficient distance from the alignment to not influence
the results at the area of interest. It is recommended that the boundary be shifted
further away from the area of interest or sensitivity testing be undertaken to
ensure the boundary location does not influence the model results.

Minor Crossings
Minor crossings are present within the hydraulic model but assessed via a local
drainage model. These have been included for large flood events where flow from
Native Dog Creek may cause inundation of the structures. Although there are issues
associated with extreme event modelling, the approach of including these structures
is considered suitable.

5.4

Advice and Recommendations
Based on the review of the Native Dog Creek model, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020).

5.4.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood-prone environments
While general best practice approaches are followed by the study, the study has not
considered the interaction of flow between catchments for extreme flood events.

5.4.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate
The extent of the hydraulic model is not suitable for extreme event modelling as it
does not account for the interaction of flow between catchments.

5.4.3

Calibration
Whether the method, and extent, of calibration of the model accords
with guidelines and industry standards for calibration
No calibration information is present, as the catchment is ungauged, and thus no
calibration has been undertaken. This is an accepted limitation of the area and in
accordance with guidelines.

5.4.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
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used underpin the validation process, and the data points used in the
validation are appropriate
In the absence of calibration data, as the catchment is ungauged, validation to RFFE
and QRT estimates has been undertaken. The peak flow results from the hydrologic
model fall within the error bands of the validation approach. This is considered an
acceptable approach.

5.4.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area
The model is deemed suitable for impact assessment however due to the model
extent issue and exclusion of adjacent catchment inflows for extreme events, the
impacts from extreme events, such as the PMF, cannot be relied upon.

5.4.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

the completion of sensitivity testing to confirm that identified issues do not result
in a significant change in flood modelling results

•

the hydraulic model extent be updated to prevent artificial restriction of flow; and

•

the model be updated to account for the interaction of flow between catchments

The necessary additional documentation is detailed in Section 5.5.

5.4.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice
The review has indicated that the reference design meets industry standards and
best practice, subject to:
•

the completion of sensitivity testing to confirm that identified issues do not result
in a significant change in flood modelling results

•

the hydraulic model extent be updated to prevent artificial restriction of flow; and

•

the model be updated to account for the interaction of flow between catchments
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5.5

Summary of Findings
Table 4 presents a commentary in relation to the focus areas for the panel identified
in the Terms of Reference for an Independent International Panel of Experts for
Flood Studies of Inland Rail in Queensland (Final, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 5.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the draft EIS process.
The work can be completed as part of further design (prior to the use of models
for detailed design) and the requirement to complete the work can be included as
a condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 10 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 5 to allow the relative importance of each
issue to be readily identified.
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Figure 10: Flow Chart for Resolution of Identified Issues

March 17, 2021 | 23

Appendix G: Native Dog Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Table 4: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage
(e.g. reference/detailed etc.)

Yes

The extent of modelling may not be appropriate due to the location and potential
influence of the downstream boundary. Additionally, the failure to appropriately
represent the interaction of flow in extreme events weakens the relevance of the PMF
results.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable
and appropriate compared with typical similar linear infrastructure
projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions
Appropriateness of model arrangements and input parameters

No

Additional documentation and sensitivity modelling is required to confirm that model
arrangements and input parameters are appropriate.

Appropriateness of model calibration process

N/A

No calibration could occur due to the limited dataset.

Appropriate application of input data (including addressing data
gaps)

Yes

The application of the input data is considered appropriate.

Assumptions around land-use (crops etc.)

Yes

The land-use assumptions are considered appropriate.

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

Yes

The future events application is appropriate, subject to the potential revision of design
rainfall intensities available for the area, subject to ISCA requirements in future stages.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
Application

Appropriate sensitivity analysis to various items e.g. flow inputs,
coefficients
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Focus Issue

Satisfied?

Comment

Appropriateness of change indicators

AIR

Change indicators are generally appropriate, although a more quantitative approach to
changes in velocity and duration of inundation would be of benefit for the interpretation
of results.

Appropriateness of structure and embankment representation
(depending on the stage of the design)

Yes

Structures and embankments have been appropriately represented.

Flood frequency analysis

N/A

Insufficient information to enable FFA to occur
Interpretation

Achievement of Design Criteria

AIR

The Design Criteria have been generally achieved based on the current modelling
results which requires sensitivity testing to ensure the modelling approach is
appropriate.

Appropriateness of relevant sensitivity analysis

AIR

The sensitivity assessment completed with respect to blockage and climate change
are appropriate. However, further sensitivity testing to ensure the modelling approach
is appropriate is required prior to impact confirmation.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their local property
context

AIR

Impacts are mapped and flood sensitive receptors are tabulated indicating
conformance but there is limited discussion provided in the Technical Report.
Furthermore, sensitivity testing is required to ensure the modelling approach is
appropriate.

Appropriateness of the alignment, with regard the related flood
impacts, within the current EIS Study Corridor

AIR

The Native Dog Creek model aims to assess the rail embankment and performance of
bridge structure 310-BR07. Further sensitivity testing to ensure the modelling approach
is appropriate is required prior to impact confirmation.

Consider whether reasonable and practical steps have been taken
to mitigate flood impacts, if any, outside of the project boundary

AIR

The Native Dog Creek model assessed the rail embankment and performance of 310BR07. As the impacts associated with these features achieve the design criteria,
reasonable and practical steps have been taken to mitigate flood impacts. However,
further sensitivity testing to ensure the modelling approach is appropriate is required
prior to impact confirmation.

Additional information that would be required to be addressed in
the Detailed Design phase of the program

AIR

Sensitivity modelling to address model extent issues as well as downstream boundary
proximity to the alignment, if not undertaken within the EIS phase are required.

Note:

AIR stands for Additional Information Required (as summarised in Table 5) in order to confirm issue satisfied.
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Table 5: Summary of Identified Issues
Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Assumptions

ND1

Insufficient
information is
provided in relation to
the Macintyre Brook
FFA and its use in
the validation
process.

ND2

ND3

ND4

2.4

Potentially affects the
validation of the hydrologic
model and subsequent
design flows.

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

Low

Design flow estimates do show a
reasonable correlation to validation
methods (QRT and RFFE).

Parameters used in
URBS model

2.4

Potentially affects the peak
flow derived for design
events

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

Low

Clarification is sought in relation to
reasons for change in alpha
parameter from previous Engeny
study.

Final loss rates not
detailed in Technical
Report. Potential
variation in loss rates
could mask
inadequacies with
other URBS
parameters.

2.5

Loss rates can affect the
magnitude of flow for
design events.

The use of alternate loss rates could
affect design flows and therefore the
required size of drainage structures.

Low

Adopted loss rates are considered to
be conservative.

3.5

This results in double
routing of flow as the
model SA polygon
distributes flow along
Native Dog Creek for
approximately 800 m.
Furthermore, the inflow
has been applied
approximately 3.4 km
downstream of the
centroid location.

Low

It is unclear how the combination of
these factors alters the modelled flow
characteristics at the alignment.
However, as there is a significant
length of hydraulic routing upstream of
the alignment, it is unlikely to cause a
significant impact to the resulting
assessment.

Inflow has been
applied to the model
via an SA polygon
utilising the ‘ALL’
command
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Item
No.

Item/Issue

ND5

The hydraulic model
extent is not set at
sufficient distance
from the flood extent.

ND6

Adjacent catchment
inflows have not
been included as in
the hydraulic model

ND7

The downstream HQ
boundary is set
between 80 m and
150 m downstream of
the alignment.

Reference
Section

Relevance to
Assessment

3.5

There is artificial restriction
of flow (“glass walling”)
occurring in the PMF
event.

3.5

This is an issue in extreme
event modelling (such as
the PMF) where the
interaction of flow between
catchments is not
effectively represented in
the modelling.

The current flood representation of the
alignment, proposed bridge and culverts
in extreme events, is poor and both the
artificial restriction and interaction of flow
needs to be addressed.

3.5

This is not a sufficient
distance from the
alignment to not influence
the results at the area of
interest.

Long section analysis of water levels
suggests that the current model
boundary may be drawing water out of
the model which would be improving the
design performance.

Impact on Design

This artificial restriction directly impacts
the results generated for the PMF event.

Level of
Importance

Reason for Adopted Level of
Importance

Medium

Based on the current model inflow
arrangement, this is not an issue for
all events, such as the 1% AEP event.
However, it must be addressed prior
to the use of PMF water level and
impact results.

High

As adjacent catchment inflows have
not been incorporated and the flow
interaction has not been represented
in any of the models it is difficult to
discern in which events this occurs.
However, based on the Native Dog
Creek modelling undertaken, it is
suggested this only occurs in extreme
events. Sensitivity testing is required
to address the severity of this issue.

High

It is recommended that the boundary
be shifted further away from the area
of interest or sensitivity testing be
undertaken to ensure the boundary
location does not influence the model
results.

Low

The adopted version of TUFLOW
was the latest available at model
inception. However, the latest
version of TUFLOW includes bug
fixes and improvements and
should be adopted in the next
design stage.

Application

ND8

The adopted
TUFLOW HPC
engine was not the
latest version

3.1

The latest TUFLOW
HPC engine contains
many significant
improvements and it
has been benchmarked
better than the 2018
version of HPC.

The change in the hydraulic model
solver could result in slightly
different peak water levels, velocities
and discharges.
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Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Very High

To ensure that the level of detail in the
Technical Report is sufficient to
describe the work undertaken and
adopted measures.

Interpretation

ND9

Level of detail in
Technical Report
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3

Technical Report needs to
include a significant level
of detail to describe the
modelling undertaken and
results achieved to a
sufficient level of detail.

Without additional detail, there are
uncertainties in relation to the level of
detail of the modelling and its
appropriateness.
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Appendix 1 Model Review Summary Tables
Table 6: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results be
reproduced

Yes

Not confirmed directly in
report but implied.

3h

Catchment extent

Yes

Section 2.3

4h

Subcatchment delineation

Yes

Section 2.3

5h

Model catchment areas

Yes

Not confirmed directly in
report but implied.

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

Section 2.4 main
parameters but not slope,
roughness

7h

Adopted Parameters - routing

Yes

Section 2.4

8h

Adopted Parameters - losses

Yes

Section 2.4

9h

Adopted Parameters - runoff coefficient

NA

Design Representation
1d

Subcatchment changes to represent design

Yes

Section 2.3

2d

Model parameter changes to represent design

Yes

Section 2.4

Flood Frequency Analysis
1f

Gauge records available

N/A

2f

Gauge record length suitable for FFA

N/A

3f

Compare design flow estimates to FFA

N/A

4f

Annual Maximum Series

N/A

5f

Number of years input to FFA calculation

N/A

6f

Historical events

N/A

7f

Censoring and filters

N/A

8f

Probability distribution

N/A

9f

Low flow filtering

N/A
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Item No.

Description

Checked

Additional Information

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

4c

Review rating curves

N/A

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Section 2.5

2a

Use of ARR 2016/2019

Yes

Section 2.5

3a

Critical duration

Yes

Section 2.5

4a

Mean temporal pattern selection

Yes

Section 2.5

5a

IFD rainfall data

Yes

Checked but not stated in
text

6a

Temporal pattern zone

Yes

Checked but not stated in
text

7a

Areal varied patterns

Yes

Checked but not stated in
text

8a

Areal reduction factors

Yes

Section 2.5

9a

Design rainfall losses - Calibration events

N/A

10a

Design rainfall losses - ARR data hub

Yes

Section 2.5

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

Section 2.5

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.5

3am

Is the RFFE appropriate for the catchment

Yes

Checked but not stated in
text

Table 7: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can results be reproduced

Yes

Not confirmed directly in
report but implied
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Item No.

Description

Checked

Additional Information

3h

Model extent

Yes

Section 3.5

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.5

Control
1c

TUFLOW run log

Yes

Not confirmed directly in
report but implied

2c

TUFLOW Version

Yes

Provided but not documented
in review

3c

Solver

Yes

Section 3.1

4c

Timestep

Yes

HPC version used

5c

Materials/roughness definition

Yes

Section 3.3

6c

TUFLOW Materials File

Yes

Provided but not documented
in review

7c

Direct Rainfall - Losses

NA

Calibration
1c

Model Calibration/Validation

N/A

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

Events and Scenarios
Events and Scenarios

Yes

Section 2.5

1% AEP

Yes

Section 2.5, 4.3

Climate change

Yes

Section 4.3.2

Blockage

Yes

Section 4.3.1

Extreme events

Yes

Other sensitivity assessments

No

2e

Start and end times

No

3e

Initial conditions

Yes

4e

Event text

Yes

5e

Scenarios and variables

NA

1e
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Item No.

Description

Checked

Additional Information

Boundary Conditions
1b

Inflow location

Yes

Section 3.5

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.5

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Checked but not stated in text

6b

1D connections

Yes

Checked but not stated in text

7b

Channel connections

NA

8b

Active cells

NA
Geometry

1g

Cell orientation

No

Not relevant

2g

2D active cells

Yes

Checked but not stated in text

3g

Model extent

Yes

Section 3.5

4g

Material check

Yes

Section 3.3

5g

Material check (Design sceanrio)

Yes

No change from existing

6g

Elevation raster check

Yes

Section 3.2

7g

Bridge representation

Yes

Section 3.4

8g

Breaklines

Yes

Section 3.2

9g

Topographic modifications

Yes

Section 3.2

1D Network - Existing
1e

1D input check

NA

2e

Cover check

NA

3e

1D continuity

NA

4e

1D locations & sizing

NA

5e

1D losses

NA

6e

1D blockage

NA

7e

1D connection type

NA

8e

1d connection grid cell check

NA

9e

1d network invert levels & outlet check

NA
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Item No.

Description

Checked

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA

Additional Information

Design Representation
1d

1D locations & sizing

Yes

Checked but not stated

2d

1D input check

Yes

Checked but not stated

3d

Cover check

Yes

Checked but not stated

4d

1D continuity

Yes

Checked but not stated

5d

1D blockage

Yes

Checked but not stated

6d

1D connection type

Yes

Checked but not stated

7d

1d connection grid cell check

Yes

Checked but not stated

8d

1d network invert levels & outlet

Yes

Checked but not stated

9d

Bridge representation

Yes

Section 3.6.3

10d

Topographic modifications

Yes

Section 3.2

11d

Design criteria flood level impacts

Yes

Section 4.1

12d

Design criteria duration of flooding impacts

Yes

Checked but not stated in text

13d

Design criteria hazard category impacts

Yes

Checked but not stated in text

14d

Design criteria velocity and flow direction impacts

Yes

Checked but not stated in text

Results
1r

Can results be replicated

Yes

Checked but not stated in text

3r

Review negative depths

Yes

Checked but not stated in text

4r

Review timestep outputs for HPC

Yes

Checked but not stated in text

5r

Check raster outputs for irregularities

Yes

Checked but not stated in text

6r

Check .csv outputs for culverts

Yes

Checked but not stated in text
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Bringalily Creek completed by the Future Freight Joint Venture (FFJV) in support of
the draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR)
for the Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 7.3. A
summary of the model review items can be found in Appendix 1.
The following reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the hydrologic model (Canning Creek) that contains Bringalily Creek.
Figure 2 shows the hydraulic model extent of Bringalily Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are partially within the Goondiwindi Regional Council and Toowoomba
Regional Council local government areas.
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Figure 1: Bringalily Creek Hydrologic Model Extent (Future Freight Joint Venture, July 2020)
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Figure 2: Bringalily Creek Hydraulic Model Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR2016).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.
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1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed two relevant previous
studies that were coincident with the Bringalily Creek study area:
•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately 38 km downstream of the Bringalily Creek hydrologic and hydraulic
models. The Inglewood Flood Study used ARR87 hydrology. A flood frequency
analysis was performed in that study at the Inglewood gauge (presumably DNRM
gauge 416402).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Bringalily Creek
section of B2G between Ch 93.45 km and Ch 103.15 km. Specifically, the Bringalily
Creek URBS models and the Bringalily Creek TUFLOW model.
There are two local catchment TUFLOW models between Ch 93.45 km and Ch
103.15 km, which are documented in the drainage section of the FDR (Future Freight
Joint Venture, January 2020).
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2

Hydrologic Model Review

2.1

Overview
Hydrologic modelling to assess the regional flooding was undertaken using the URBS
hydrologic package. URBS is a rainfall runoff routing model for flood forecasting and
design. It has been under development for the past 15 years and is one of the
preferred software packages for operational flood forecasting throughout Australasia.
URBS was recently revised to improve the integration of the latest methodology
detailed in the ARR2016 and ARR2019. URBS is considered to be a suitable tool for
assessing the hydrologic processes across the wider catchment that enables
calibration to historical events and ultimately to produce appropriate design
hydrographs as inflows to the hydraulic model.
A separate URBS model was developed for the assessment of Bringalily Creek as
the Upper Condamine River hydrologic model considers a larger area and therefore
reflects the large-scale regional characteristics of longer duration events. The use of
the Upper Condamine River model would potentially underestimate the flows
associated with the shorter duration events that produce peak conditions in the
Bringalily catchment.
The local drainage catchment flows for the minor catchments were generated in
accordance with ARR2016 using ILSAX within the 12D Drainage Network Editor. 12D
Drainage is generally considered to be a suitable tool for local drainage analysis.

2.2

Calibration Data
Bringalily Creek is one of four major waterways which cross the Project rail alignment
before flowing into Canning Creek (a tributary of Macintyre Brook). The other
waterways are Nicol Creek, Native Dog Creek and Cattle Creek. Due to their
proximity to one another, all four waterways were modelled in a unified Canning
Creek model in the Inglewood Flood Study (Engeny, 2015). The model was validated
against the 1976 flood event at two stream gauges (416402B/C, 416415A). It is noted
that the Inglewood stream gauge (416402) is located downstream of the confluence
of Canning Creek and Macintyre Brook and that therefore the Canning Creek
catchment was not directly calibrated to a stream gauge.
The modelling completed with respect to the Bringalily catchment was based on the
previous Engeny Canning Creek URBS model, with refinements to the subcatchments to reflect the flows to the rail alignment and to incorporate hydrology from
ARR2016.
The rail alignment crosses two major watercourses in the vicinity of Bringalily Creek
with upstream areas of 188 km2 and 14.5 km2 respectively. The latter tributary is
tailwater affected by flooding on Bringalily Creek generated by approximately 85 km2
of upstream catchment.
Section 10.2.3 of the Technical Report states that in the absence of data to calibrate
the Canning Creek catchment, the hydrologic model was instead validated against an
area-scaled FFA of an analogous catchment. However, the Technical Report only
presents the results of the validation with respect to Nicol Creek (discussed in
Appendix I to the main B2G report) The suitability of adopting this catchment is based
on Canning Creek draining to this location 14 km downstream.
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Further detail is required to confirm that the characteristics of the respective
catchments align reasonably and that they can be considered to be hydrologically
similar (i.e. slopes, shape, land uses etc.)
The catchment on Macintyre Brook at Inglewood was used for the FFA. The FFA
from the Engeny study was adopted as well as one prepared by FFJV incorporating
the additional stream gauge data post-2015.
Comparisons were also made to flows determined using the Regional Flood
Frequency Estimate (RFFE) and Department of Transport and Main Road’s (DTMR)
Quantile Regression Technique (QRT).
The RFFE and QRT are recommended within the latest ARR2019 guidelines and are
considered suitable for use in ungauged rural catchments.
Notwithstanding the lack of detail provided with respect to the change in parameters
used, based on the results achieved using the RFFE and QRT methods, the
hydrologic model is considered to be suitably validated.

2.3

Catchment Delineation
Bringalily Creek is one of four major waterways which cross the Project rail alignment
before flowing into Canning Creek. The other waterways are Nicol Creek, Native Dog
Creek and Cattle Creek.
Figure 3 shows an overview of the Bringalily Creek catchment (in green) including the
proposed rail embankment alignment (shown in green). With reference to the figure,
the Nicol Creek catchment is located within the Bringalily Creek catchment and the
Native Dog Creek catchment is located at the downstream end of the Bringalily Creek
catchment.

4 | March 17, 2021

Appendix H: Bringalily Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Nicol
Creek
Bringalily
Creek

Native Dog
Creek

Figure 3: Bringalily Creek Catchment (Figure F1-C from Technical Report)
The sub-catchment delineation adopted for the Bringalily Creek catchment
assessment was derived from the underlying LiDAR topography which in this case
was the 2015 ARTC LiDAR 1 m.
While the report states that Bringalily Creek catchment was refined from the Engeny
study, no figures or files depicting the final sub-catchment delineation were provided.
The Panel was unable to determine if refinement of the sub-catchment extents was
undertaken considering the location of the rail alignment (i.e. dividing sub-catchments
to reflect areas upstream and downstream of the alignment). The same subcatchments appear to be used for the consideration of existing and developed
conditions as no changes were made to the developed case inflows to the hydraulic
model.
The catchment definition file used by URBS includes rainfall assigned to each subcatchment which is then routed and added to upstream total hydrographs where
required. Hydrographs from the local sub-catchments are generated at the centroid of
the sub-catchment which is then “Printed” as the inflow to the TUFLOW hydraulic
model. The general format is shown below taken from the Bringalily Creek URBS file
(B2G_BRI_D_cdef.u):
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Figure 4: URBS Catchment Definition File Extract
Depending on the point at which hydrographs are summed and then added to the
model, there could be an overestimation of flow in relation to sub-catchment inflows if
a flow hydrograph is extracted from the model and then added to another subcatchment and then extracted again. While this results in a potentially conservative
over-estimation of the flows used as input to the TUFLOW model, it needs to be
corrected.
The application of inflows from the sub-catchments to the hydraulic model is
furthered discussed in Section 3.3.

2.4

Model Data

2.4.1

URBS Parameters
URBS relies on a number of key parameters to represent runoff and storage within
each sub-catchment. For the Bringalily Creek catchment, the URBS model was setup
with the following parameters:
•

Basic Model (Routing variables are catchment area and stream lengths)

•

Alpha 1.2;

•

m 0.8 (non-linear catchment routing – standard value);

•

n 1.0 (non-linear channel routing).

These values are considered within the reasonable range expected of each
parameter for the URBS “Basic” model setup. However, the Engeny study adopted
an Alpha of 1.7 for the overall Canning Creek catchment model. No discussion has
been included within the Technical Report regarding the justification of the change in
parameter value. Further justification of the adopted parameters is requested.
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2.4.2

Loss Rates
Table 10.3 of the Technical Report states that the losses were initially adopted from
the Inglewood Flood Study (2015) (Initial loss – 15 mm, Continuing loss – 1 mm/h)
and adjustments were made to reconcile URBS flows to the area-scaled FFA. The
report however does not state what the final losses adopted were. A review of the
supplied model files indicates that the design runs adopted an initial loss of 0mm and
a continuing loss of 0.43 mm/hr for the 1% AEP design event which takes into
account pre-burst depths removed from the initial loss.
The adopted Continuing Loss values are relatively low compared to the
recommended values from the ARR data hub and while conservative, could
potentially mask the use of inappropriate URBS parameters.
The Technical Report does not detail the coordinates that were used to extract the
data and it is noted that storm losses generated by the Hub tool can be sensitive to
the location nominated.
It is recommended that further detail be provided with respect to the sensitivity of the
model to adopted losses.

2.4.3

Rainfall Data and Focal Point
The design flood events were assessed using design rainfall intensity frequency
duration (IFD) data and temporal patterns in accordance with the latest ARR2016
methodology.
IFDs were extracted based on the centroid of each sub-catchments and a focal point
was used to extract appropriate Areal Reduction Factors (ARFs) to be applied to the
point of interest. As the catchment area increases, the ARF decreases to reflect the
greater variation in rainfall associated with larger catchment areas.
The resultant rainfall applied across the catchment assessed can therefore vary
considerably as a result of where the focal point is taken and the total catchment area
contributing to this point. The assessment for the Bringalily Creek section of the
alignment adopted the outlet of the hydrologic model as the focal point for
determining the design event rainfall and flows applied to the catchment. This is
considered to be reasonable given the relatively small total catchment area.

2.5

Design Discharges

2.5.1

Flow Rates
As previously noted, the Bringalily Creek catchment is ungauged and validation of the
URBS hydrologic model has been undertaken by comparing design flows to the
following methods:
•

DTMR Quantile Regression Technique; and

•

ARR’s Regional Flood Frequency Estimation model.

The estimated flow comparisons for the Bringalily Creek hydrologic model are shown
in Figure 5 and Table 1.
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For Nicol Creek (refer Appendix I to the main B2G report), area scaling from an FFA
for the Macintyre Brook catchment to Inglewood (which includes Canning Creek
which in turn includes Bringalily Creek) was used to provide a comparative FFA. This
method was not applied to the Bringalily Creek catchment.

Figure 5: Validation of Bringalily Creek Flows to Alternate Methods (Figure 66
from Technical Report)

Table 1: Estimate of flows at the outlet of the URBS Bringalily Creek
hydrologic model (Table 11.1 of Technical Report)

The Technical Report notes the flow estimates adopted were within 90% confidence
limit derived from the RFFE analysis and “show a close match” with the QRT.
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Acknowledging that the potential variation in flow associated with the RFFE results is
large, the use of flow rates that are approximately 16% lower than the RFFE estimate
is considered to be reasonable given that the resultant flows are higher than those
obtained using the QRT.

2.5.2

Temporal Patterns
The temporal patterns recommended for use in ARR2016 vary according to the
catchment area being considered. Point temporal patterns are defined for catchments
less than 75 km2 in area, with areal temporal patterns for durations greater than 12
hours provided for a range of catchment areas including 100 km2 and 200 km2.
The catchment area draining to the main crossings of the railway is of the order of
190 km2. The total catchment area to the outlet of the modelled catchment is
290 km2.
Based on a review of the supplied hydrologic model, it is considered that a single set
of temporal patterns (the set for patterns for an area of 10,000 km2) were adopted for
the investigation for durations longer than 12 hours.
Although no AEP events had a critical duration longer than 12 hours, it is
recommended that for detailed design, a greater range of the temporal patterns be
considered and that for the current review the model be used to assess the likely
change in flow associated with the use of alternate temporal patterns (100 km2 and
200 km2 sets at a minimum) in order that the potential change in flow, flood level and
impact can be considered.

2.5.3

Derivation of Design Storms
Section 10.2.2 of the Technical Report details the methodology associated with the
derivation of design storms. This included modelling the ten temporal patterns
associated with multiple durations for the full range of events considered.
Based on the median flow obtained for each duration, the critical storm duration at
“Key Locations” (these locations were un-defined within the report but assumed to be
at the crossing locations) was determined for the range of AEP events (Table 11.5 of
the Technical Report). This approach is considered to be reasonable with respect to
the main crossings.
However, not all base model results files were provided for review to be able to
readily verify the critical duration. Further detail is recommended as part of the
detailed design to enable verification to be undertaken i.e. in the form of box plots.
A review of the provided outputs from the URBS model and the subsequent inflows to
the TUFLOW model indicate that respective design hydrographs do not correlate.
While the differences appear minor, clarification and correction where required is
expected for the detailed design phase of the project.
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3

Hydraulic Model Review

3.1

Overview
Hydraulic modelling to assess regional flooding in Bringalily Creek was undertaken
using the 1D/2D (one-dimensional/ two-dimensional) hydrodynamic modelling
package TUFLOW incorporating the latest Heavily Parallelised Compute (HPC)
solver (version 2017-09-AC-iSP-w64). The 2D solver is an explicit solution of the full
2D Shallow Water Equations, including sub-grid scale eddy viscosity.
The scheme is volume and momentum conserving, is second order spatially and
fourth order in time. The 2D solver is dynamically linked with TUFLOW’s 1D solver
ESTRY which provides full 1D pit, pipe, culvert and open channel functionality.
TUFLOW HPC is widely used across in Australia and Internationally and is
considered to be an appropriate tool for assessing the two-dimensional flows
experienced across the wider regional catchment and the potential impacts
associated with proposed rail alignment. Further discussion with respect to the
suitability of the model setup is detailed in subsequent sections below.
Assessment of local drainage provisions for Minor Catchments (considered to be
<10 km2), was undertaken using the 12D Drainage functions (Network Editor and
Dynamic Culvert), with subsequent TUFLOW modelling to determine flood level
impacts (Section 8.3.2 of the FDR). The 12D Dynamic Culvert model, is a 1D model
based on the St Venant equations. 12D Drainage is generally considered to be a
suitable tool for assessing less complex flow patterns where there is limited
interaction between neighbouring catchments.
Further discussion with respect to the interaction between the regional and local
models is detailed in subsequent sections below.
The following sections are primarily focused on the regional Bringalily Creek flooding,
with Section 3.8 presenting a review of the local catchment hydraulic modelling
described in the FDR.

3.2

Topography and Model Extent

3.2.1

Source of Ground Level Data
LiDAR data from 2015 was provided by ARTC for the area of disturbance footprint.
Figure 6 presents the modelled topography used in the hydraulic model. Figure 7
shows the PMF flood extents.
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Figure 6: Modelled Topography
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Figure 7: Existing PMF Peak Water Levels (Figure F2-H of Technical
Report)

3.2.2

Grid Size
The TUFLOW hydraulic model used a 5 m grid to define the topography across the
modelled area. A more refined model using smaller grid sizes would provide greater
accuracy in the smaller flood events for those areas with smaller local drainage
paths. Similarly, the use of “gullylines” to define the low points along the creek could
provide a more accurate representation of the main flowpaths. A check using a
refined 2 m grid resulted in minimal change to the peak 1% AEP flood levels across
the model extents. The 5 m grid is therefore considered suitably refined for the
majority of flood events considered critical for this assessment.

3.2.3

Extent of Model
The hydraulic model extents cover the area of interest, however the downstream
boundary intersects the alignment along the south-western extent of the model as
shown in Figure 8.
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Figure 8: Bringalily Hydraulic Model Extents (Figure F2-D of
Technical Report)
The downstream boundary of the hydraulic model assumes a normal depth boundary
based on an assumed water surface slope of 0.005.
Also, the bridge crossing of Native Dog Creek (310-BR07) is located close to the
downstream boundary of the model. The sizing of the Native Dog Creek was
completed using a separate model. Given the proximity of the downstream boundary
to Native Dog Creek, the crossing is included in the Bringalily Creek model.
As the flood extents encroach onto the area of the alignment at the southern
boundary during a 1% AEP and above, the boundary is not considered to be far
enough downstream of the area of interest as to not impact on the assessment of
conditions at the alignment. The modelled extents are recommended to be expanded
further away from the alignment to ensure boundary effects are minimised.
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3.3

Boundary Conditions and Inflows to Model
Inflows to the TUFLOW model have been applied as SA polygons with the use of the
“All” option which distributes the flow equally to all cells within the polygon. The
hydrographs from the hydrologic model used as input to the TUFLOW model are
those routed to the sub-catchment’s downstream outlet.
For the main upstream boundary of the model (03T), the total catchment flows are
applied along the sub-catchments’ main reach as shown in Figure 9.
Local inflows for sub-catchments covered by the model extents are also applied with
polygons that in the cases of sub-catchments 7 and 8 extend along the full creek
reach encompassed by each sub-catchment. Effectively this would duplicate routing
already assessed within the hydrologic model and needs to be corrected.
As noted in Section 2.5.3, the inflows to the hydraulic model do not appear to match
the output from the URBS model. We recommend a review and correction as
required.
The inconsistent application of inflows to the model will impact on the timing and
routing of flows through the system and ultimately the peak flow reaching the rail
alignment crossing. It is recommended that during detailed design, a consistent
approach be adopted that does not duplicate catchment routing between the
hydrologic and hydraulic models.
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Figure 9: TUFLOW Inflows

3.4

Roughness Coefficients
Roughness coefficients applied across the area of interest were based on current
aerial imagery. The adopted Manning’s n values are considered to be within typical
ranges for each land use/vegetation type. While the coefficients adopted for
Moderate/Heavy Vegetation (n=0.055/0.065) are lower than typically applied, a
review of the vegetation density across the catchment based on images available
indicate that areas outside of crops generally consist of well-spaced native trees with
little dense understory noticeable.
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The majority of the floodplain is assigned with the Manning’s n= 0.045 (Minimum
Vegetation) and a default for crops of n=0.1085 (it assumed that such a precise value
is a result of the calibration process for the wider Condamine River catchment flood
model).

Figure 10: Hydraulic Model Roughness
Although the adopted values appear to be reasonable, a sensitivity assessment
should be completed to determine the potential variation in level associated with
changes in roughness.
In particular, fallow or mature crops will have different roughness coefficients. While
assuming mature crops with a higher roughness coefficient is generally considered to
result in higher flood levels, fallow or freshly harvested crops with lower roughness
can alter the timing of flow hydrographs resulting in changes to coincident flooding
from contributing catchments. While the Materials file that defines the roughness
coefficients does include additional vegetation options relating to Crops i.e. Barley –
mature - Against Flow n=0.1105 etc, they do not appear to have been used for the
Bringalily Creek assessment.
It is typical to model a low roughness scenario as a sensitivity case to ensure that
unforeseen impacts associated with the proposed rail works are not overlooked. This
scenario is considered to be required as part of the sensitivity component of the
assessment.

3.5

Modelling of Railway and Structures

3.5.1

Rail Alignment
The rail embankment is appropriately modelled using a design DEM of the alignment
across the creek. Abutments for the two bridge openings were also modelled using
shape files.
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This is an acceptable approach notwithstanding the comments detailed in Section
3.5.2. It can be noted that while the bridge opening for the Native Dog Creek crossing
has been included, no abutments have been modelled.

3.5.2

Structures
Figure 11 shows the drainage structures adopted for the embankment at a regional
scale within the extent of the Bringalily Creek catchment. The drainage proposed with
respect to regional flooding includes two bridges and eleven culvert banks (shown in
aqua in Figure 11) on the main alignment.

Figure 11: Regional Drainage Structures (Figure F1-F from Technical Report)
The proposed drainage structures are listed in (bridges) and (pipes and culverts). It
can be noted that a bridge crossing associated with Native Dog Creek (310 - BR07)
is also located within the Bringalily Creek model extents and is included in the model
(refer Section 3.2.3). Details of the bridge are not included in this report as a separate
model was developed with respect to Native Dog Creek and the bridge is discussed
in a separate review report.

Table 2: Adopted Bridge Drainage Structures – Regional

Note:

Table is reproduced from Table 12.94 of Chapter 12 of the draft EIS - refer to Figure 11
for location of structures.
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Table 3: Adopted Pipe and Culvert Drainage Structures – Regional

Note:

Table is reproduced from Table 12.95 of Chapter 12 of the draft EIS - refer to Figure 11
for location of structures.

Culverts have been represented within the hydraulic model as 1D_nwk elements.
Standard Entry and Exit Losses of 0.5 and 1.0 respectively were applied to each
culvert. Standard height and width contraction coefficients were used for both box
and piped culverts. A 25% blockage factor was applied for proposed culverts and
existing culverts. This should result in a conservative design by providing additional
conveyance area.
The culvert details reproduced from the Technical Report are listed in Table 4.

Table 4: Technical Report Structure Details
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Bridge structures were modelled only as an opening in the rail embankment with no
additional blockages or energy losses considered with respect to the bridge piers that
will be required for spans of 299 m and 621 m, nor the bridge deck which will
potentially be reached by flood waters for the larger flood events.
When representing bridges within TUFLOW, it is typical to use the Layered Flow
Constriction Shape approach recommended by TUFLOW whereby Form Loss
Coefficients and percent blockage are applied typically over three layers being under
the bridge (pier losses), the bridge deck (100% blocked) and bridge railings/barriers
(typically over a depth of 1 to 1.2 m). A fourth layer is assumed unimpeded to
account for flow over the bridge.
Given the significant size of the structures, it is expected that bridge losses will be
relatively minor. It is recommended that bridge losses be considered as part of further
design to ensure that the flood impacts associated with bridges can be appropriately
considered.

3.6

Model Stability
The model was found to be generally stable.

3.7

Design Event Modelling
Section 11.4.1 of the Technical Report describes the process used to define the
critical duration for the design events based on the hydrologic modelling. The critical
duration was that which produced the highest median flow of the ten temporal
patterns for each event and duration. Although not stated, it is assumed that the
Rank 6 temporal pattern was selected as the median and it was this design event
that was utilised in the hydraulic modelling. It is also assumed that the same critical
duration and temporal pattern was applicable at the rail alignment and the outlet of
the model. This needs to be clarified and confirmed during detailed design.
It is noted that the adoption of the critical duration and temporal pattern based on
hydrologic modelling alone may result in an erroneous selection if there is
appreciable floodplain storage or detention mechanisms within the catchment that
would not be readily represented within an uncalibrated hydrologic model. It is
recommended, if not already completed but undocumented, that the critical duration
and temporal pattern be confirmed using the hydraulic model which would better
represent the catchment characteristics and the detention aspects attributable to the
rail embankment.

3.8

Local Catchment Modelling
The approach adopted with respect to the modelling of local catchments (refer
Section 3.1) would appear to be reasonable.
In the case of the Bringalily Creek catchment, six local catchments were identified
with the largest being 390 ha, although this catchment overlaps with the Regional
flood assessment for Bringalily Creek. For such areas, the methodology is
considered to be acceptable.
The following structures appear to overlap between the regional and local drainage
assessments: C94.91, C95.07, C96.20 and C98.87.
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4

Calibration

4.1

Overview
The Bringalily Creek catchment is ungauged and therefore calibration of a model of
Bringalily Creek was not possible. Similarly, calibration of the larger Canning Creek
catchment in which Bringalily Creek sits was not possible. Recourse was made to
alternative validation methods for the hydrologic modelling rather than calibration
including the use of an area-scaled FFA for a larger catchment (refer following
section).
In addition, the Quantile Regression Technique and the Regional Flood Frequency
Estimation method were used for further comparison.
No calibration of the hydraulic model was undertaken with roughness coefficients
based on typical values for the respective land uses and vegetation density.

4.2

Data Available and Used in Validation

4.2.1

Stream Gauges and Area-Scaled FFA
There were no stream gauges within the Bringalily Creek catchment available.
In the absence of data to calibrate the Canning Creek hydrologic model, a FFA was
completed for the Macintyre Brook catchment (which contains the Canning Creek
catchment) to the stream gauge at Inglewood. This FFA was scaled by area to obtain
a FFA estimate for Canning Creek. The loss rates in the Canning Creek model were
then adjusted to provide flow estimates that agreed with the estimated Canning
Creek FFA. The resultant loss rates and model parameters were applied to the
Bringalily Creek hydrologic model.
Further detail with respect to the Macintyre Brook FFA is requested in terms of the
ability to apply the results from the Macintyre Brook FFA to Canning Creek and the
resultant parameters and loss rates to Bringalily Creek.

4.2.2

Quantile Regression Technique
The Quantile Regression Technique developed for Queensland by Weeks et al. It is
understood that this technique has been superseded by the RFFE Model
recommended in the ARR2016 as the best practice tool for ungauged rural
catchments in Queensland.

4.2.3

Regional Flood Frequency Estimation (RFFE) Model
The RFFE model was developed for ARR2016 to provide a tool for ungauged
catchments ranging in area from 10 km2 to 1000 km2. ARR2016 provides practical
considerations for application of the RFFE with the aspects potentially relevant to the
Bringalily Creek catchment including containing dams and other artificial storage,
affected by mining and intensive agricultural activity. Generally, the RFFE model is
expected to over-estimate the flows from those catchments affected by the above
characteristics.
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ARR2016 also states the following with respect to accuracy of the method:
“it may be stated that the relative accuracy of regional flood estimates using the
RFFE model presented in this chapter is likely to be within ±50% of the true value;
however, in a limited number of cases the estimation error may exceed the
estimation by a factor of two or more”.

4.3

Acceptability of Validation
Subject to the following, it is considered that the validation is acceptable for the
purposes of the draft EIS:

4.4

•

Provision of further details with respect to the area-scaled FFA using the
Macintyre Brook gauged catchment and its applicability to the Bringalily Creek
catchment;

•

Additional check of sub-catchments to the Rational Method for verification.

Local Catchment
Verification of flows was undertaken by comparison to the Rational Method. Given
the size of the local catchments, this approach is appropriate.
Section 8.2.3.2 of the FDR notes that the agreement to the Rational Method was
within a tolerance of -8 to 15 percent, which is considered to be acceptable.
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5

Proposed Design – Regional Modelling

5.1

General
The proposed design and its impacts are discussed in Section 12.9.2.5 of the draft
EIS and Section 11.5 of the Technical Report.

5.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a minor variance in the simulation timestep for at least one
event (as shown in Figure 12). It is expected that this can be attributed to the version
of the software available when modelling commenced (2017-09-AC-iSP-w64).
Limited testing undertaken by the Panel using the latest version of TUFLOW (202010-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.

Figure 12: Design Case 1% AEP 6hr Temporal Pattern 03 HPC Timestep

5.3

Embankment Height
The majority of the embankment has been set well above the calculated 1% AEP
flood level to satisfy vertical alignment requirements. The embankment has a
freeboard in excess of 1.1 m at the location of drainage structures.
In comparison, the hydraulic design criteria (refer main report) for the embankment is
to achieve 300 mm freeboard with respect to the 1% AEP event. The vertical
alignment of the embankment is therefore not governed by the calculated flood level
for the 1% AEP event.
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5.4

Flood Level Impacts and Sensitive Receptors

5.4.1

Flood Level Impacts
Table 5 lists the locations where the calculated increases in flood level exceed the
nominated flood impact objectives (refer main report).

Table 5: Flood Level Impacts (Table 12.96 from draft EIS)

The draft EIS and Technical Report provide limited explanation and no detailed
justification for the acceptability of the increase in level.
In this case, the increases in level fall within the upper limit nominated in the Flood
Impact Objectives and occur over a relatively limited rural area, not affecting sensitive
receptors. Although expected to be acceptable, additional justification is required to
confirm why it is not possible or necessary to reduce the increase in level to within
200 mm.

5.4.2

Millmerran-Inglewood Road
Section 11.5.3.3 of the Technical Report indicates that Millmerran-Inglewood Road
has a relatively low immunity, being overtopped in the 20% AEP event.
Table 11.20 of the Technical Report notes that there will be no afflux along
Millmerran-Inglewood Road up to the 1 in 2000 event. However, this is at odds with
Table 12.97 of Chapter 12 of the draft EIS which nominates a change in peak water
level of 667 mm for the 1 in 2,000 event and 1.2 m for the 1 in 10,000 AEP event. It is
requested that clarification be provided in relation to the increase for the 1% AEP
event and whether the increase at the road affects the ability to use the road for
emergency purposes. Justification is required given the quantum of the increase.

5.4.3

Local Public Roads
Section 11.5.3.4 of the Technical Report details the impacts of the rail line on local
public roads within the model domain. Local public roads experiencing an increase in
flood hazard and/or peak flood levels in the 1% AEP event are detailed in Table 6.
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Table 6: Flood Level and Hazard Impacts (Table 11.22 from Technical Report)

Although there is minimal change in maximum flood depth for Heckels Road, further
detail is required to confirm if road is inundated to non-trafficable depths earlier than
the existing case. Forestry Road will still be trafficable with respect to depths being
less than 300mm.

5.4.4

Sensitive Receptors
Figure 13 indicates the location of sensitive receptors (houses etc.) identified by the
FFJV within the Bringalily Creek catchment that are potentially impacted by the
railway. Sensitive receptors are considered in greater detail by the FFJV when the
afflux is greater than 10 mm for the event under consideration.

Figure 13: Sensitive Receptors (Figure F4-E of the Technical Report)
The modelling completed by the FFJV suggests that only one sensitive receptor is
affected by the 1% AEP event as stated in Section 11.5.3.2 of the Technical Report.
Table 7 lists the sensitive receptors affected by the 1% AEP event including climate
change while Table 8 lists the sensitive receptors affected during extreme events.
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Table 7: Sensitive Receptors – 1% AEP Event with Climate Change (Table
11.30 of Technical Report)

Table 8: Sensitive Receptors – Extreme Events (Table 11.28 Technical Report)

Noting that BRI_ID_18 is noted as being a shed, the increases in level at the
nominated sensitive receptors are considered to be acceptable. While the increase at
Millmerran Inglewood Road is significant for extreme events, given the depth of flow
and the negligible change for the 1% AEP event, the increase is not considered to be
of concern.
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5.5

Duration of Flooding and Time of Submergence

5.5.1

General Flooding
Table 9 presents the summary of flood impacts on private land outside the rail
disturbance footprint in the 1% AEP event on a lot basis according to the following
thresholds:
•

Peak water levels increased by greater than 10 mm

•

Peak velocities increased by greater than 0.25 m/s

•

Duration of inundation changed by more than 25% of its original duration of
inundation across the lot.

Table 9: Summary of Flood Impacts (Table 11.24 of the Technical Report)

The report notes that the changes in peak water levels are predicted to occur over
agricultural land or open land.
Based on the minimal change in the change in time of inundation for the 1% AEP
event (Figure F4-I of the Technical Report), the works do not appear to result in a
significant change in the duration of inundation.
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However, it is also necessary to confirm that the change in time of submergence will
not affect the viability of any current crops, for which the duration of inundation for
more frequent events is of interest. It is necessary for the change of duration of
inundation for more frequent events be reviewed to confirm that minimal impacts
similar to the 1% AEP event are achieved.

5.5.2

Inundation of Millmerran-Inglewood Road and Local Public
Roads
Table 10 presents the calculated increase in the time of submergence for MillmerranInglewood Road in the 1% AEP event.

Table 10: Change in Time of Submergence for Millmerran-Inglewood
Road (Table 11.21 of the Technical Report)

Table 11 presents the calculated increase in the time of submergence for local public
roads in the 1% AEP event.

Table 11: Change in Time of Submergence for Local Public Roads (Table 11.23
of the Technical Report)

There is little detail provided within the Technical Report in relation to how the time of
submergence was calculated.
Further detail is requested regarding the methodology adopted.
Overall, the tabulated results indicate that there is no increase in the average annual
time of submergence. Provided the additional detail confirms this conclusion, the
change in time of submergence is not a factor for Bringalily Creek.

5.6

Flow Velocities
The report considers the potential for scour in terms of flow velocities. Bed shear
stress and stream power, which typically informs the changes to the geomorphology
of the waterways, should also be referred to, to provide further details as to the
potential impacts of the proposed works. Velocity is the pseudo parameter generally
relied upon where these outputs have not been generated.
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Where multi-span bridges provide the main conveyance of flows changes to the more
frequent events, which define the geomorphology the systems, it is likely that there
will be minimal impacts as a result. Where there are extended lengths of railway
embankment without suitable cross drainage structures, this could result in changes
to flow paths and therefore velocities and could also potentially impact on the
conveyance of flows to local farm dams/storages if not appropriately investigated.
Both bridges have velocities <2.5 m/s, while this is lower than the adopted tolerance
of 2.5 m/s, it would be beneficial to know the shear stress associated with the velocity
and the change in velocity/shear stress from the current situation.
Overall, while the velocities and predicted changes in velocities would appear to be
manageable, the acceptability of flow conditions will require a site by site
consideration of the velocity and associated shear stress/ stream power relative to
the soil conditions at the point the velocity occurs as part of further design.

5.7

Extreme Events
The draft EIS and Technical Report present the results of modelling completed with
respect to events greater than the 1% AEP design event, namely the 1 in 2,000 AEP,
1 in 10,000 AEP and Probable Maximum Flood events.
For such events, flood impact objectives are not readily applicable. The focus of the
review of extreme events is to ensure that the flooding behaviour does not change
dramatically as a result of the development and result in an increased flood risk.
The level of the embankment within the Bringalily Creek catchment is a minimum of
1.1 m above the 1% AEP flood level but generally higher. As a consequence, there is
a potential for a moderate increase in the depth of flooding for extreme events due to
the reduced ability for the embankment to be overtopped.
However, the increase in level is offset to a significant degree by the proposed
drainage structures. Based on a review of the increases in level nominated in the
report (refer Table 8) and the inundation extents indicated by the flood mapping of
the extreme events, given the extreme nature of the events being considered the
changes in level are considered to be acceptable.

5.8

Sensitivity Modelling

5.8.1

Blockage
Blockage potential of the proposed bridges and culverts has been assessed in
accordance with ARR2016 guidelines. However, it has not been documented how the
blockage percentages were actually determined.
The assessment ultimately adopted zero blockage for the multi-span bridges
proposed and 25% for culverts with a minimum diameter/width of 0.9 metres.
For these values to be correct, the debris potential would need to be “Low”. It is likely
that the catchment characteristics would result in a Low designation and therefore the
blockage values adopted are considered appropriate.
Sensitivity scenarios have also considered zero and 50% blockages which are
suitable for the assessment.
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5.8.2

Climate Change and Future Land Uses
Given the natural nature of the catchment, any planning changes to future land uses
is unlikely to change the impervious fraction significantly across the upstream
catchment to an extent that would result in noticeable impacts on the design event
flows.
The impacts of climate change have been assessed in accordance with the
ARR2016 guidelines for the 1% AEP design event. The selected representative
concentration pathway of 8.5 has been adopted to the 2090 horizon.
As an RCP of 8.5 is the most conservative and ARR2016 only provides
recommendations up to 2090, the climate change assessment parameters are
considered appropriate for this assessment.
The resultant increases in flood level (up to 0.2 m) do not affect the minimum
freeboard of 300 mm required under the design criteria (refer main report).
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6

Proposed Design – Local Catchments
The review of the proposed local drainage documented in the model was limited to a
review of the results presented in the FDR.
The local catchment drainage associated with the Bringalily Creek catchment
consists of 6 sets of culverts proposed to drain catchment areas of up to 390
hectares.
As noted in Section 1.1, local catchment modelling was undertaken to define the
drainage requirements for a number of local catchments. In the case of the Bringalily
Creek catchment, six local catchments were identified (in blue on Figure 14). The
following structures appear to overlap between the regional and local drainage
assessments: C94.91, C95.07, C96.20 and C98.87.

Table 12: Adopted Drainage Structures – Local Catchment

Note:
Table is reproduced from Table 2 of Appendix D3 of the FDR - refer to Figure
14 for location of structures.
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Figure 14: Proposed Local Drainage Structures (Maps 9 and 10 from
Chapter 8 of FDR)
The flood level impacts presented in Table 3 of Appendix D3 indicate that the
proposed culverts will result in an increase in level for the 1% AEP event of 0.23 m,
0.38 m and 0.21 m for C94.91, C95.07 and C101.49 respectively with all other
structures causing less than 0.2 m afflux. The table indicates that the change in time
of inundation for the 1% AEP event will be about 0.36 hours for C94.91, 1.50 hours
for C95.07 and 2.4 hours for C101.49.
Although the mapping provided in Appendix D5 indicates that the maximum increase
in level will be greater than the nominated values, the increase occurs within the
railway corridor; the quoted values reflect the increase at the rail corridor boundary
and therefore the increase that land owners will experience. It is noted that the
impacts for the three culverts with the highest impacts extend a small distance
upstream of the railway boundary and into private property. Impacts upstream of
C95.07 extend over quite a large area.
The flood level increases and changes in inundation time are considered to be both
minimal and acceptable given the affected area.
Similarly, the flow velocity/shear stress associated with the discharge from the
culverts should be readily manageable during detailed design by the provision of
suitable scour protection measures.
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7

Conclusion

7.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Bringalily Creek catchment for the Border to Gowrie section of the
Inland Rail project. The overall review also included the report (excluding models)
prepared for the local catchments within the Bringalily Creek catchment.
A summary of the model review is provided in Appendix 1.
Although the following section provides an overview of the findings of the review and
recommendations with regard to required additional work, the key finding of the
review was the adopted flow rates are considered reasonable. However, the model
extents with respect to the downstream boundary needs to be corrected.

7.2

Advice and Recommendations
Based on the review of the Bringalily Creek model, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020). A review of focus issues is provided in Table 13.

7.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
While the models have been generally developed and applied in accordance with
relevant guidelines and manuals, the review identified a number of issues in relation
to the development and application of the models that could affect the interpretation
of the Inland Rail-related flood impacts. The issues, and the proposed methods for
their resolution, are summarised in Section 7.3.

7.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The overall extent of the floodplain covered by the flood model needs to be increased
in order that the downstream boundary of the model is located a sufficient distance
away from areas of interest.

7.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
The Technical Report indicates that the calibration of catchment specific hydrologic
and hydraulic models was not possible due to a lack of a stream gauge or recorded
level data for historic events.
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As a consequence, parameters for the hydrologic model were drawn from the model
of a larger catchment (Canning Creek) of which Bringalily Creek is part.
In the absence of calibration data, provided it can be demonstrated that the peak flows
calculated using the parameters derived for Canning Creek are reasonable for
Bringalily Creek the approach is considered to be acceptable.

7.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
Validation of the models was achieved with reference to two available regional
methods. This is considered to be acceptable, noting the recommendation to also
consider a further alternate method to confirm that the peak flows calculated for subcatchments are reasonable.

7.2.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area
The model adequately accounts for the impacts of the reference design at this point
in the EIS process and demonstrates that the impacts are capable of appropriate
local mitigation.

7.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is fit for purpose for the EIS process and to
inform the reference design and the mitigation of impacts, subject to the provision of
additional documentation to the Panel.
The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3.

7.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
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The review has indicated that the reference design meets industry standards and
best practice, subject to the provision of additional documentation to the Panel.
The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3. It is noted that the modelling completed in relation to the reference
design will need to be modified early in the detailed design phase.

7.3

Summary of Findings
The review identified a number of areas where additional work is required, either as
part of further design or to allow the draft EIS to be revised. The items identified in
the review are summarised in Table 14.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by ARTC, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 15 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour coding
used in the figure was applied to Table 14 to allow the relative importance of each
issue to be readily identified.
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Figure 15: Flow Chart for Resolution of Identified Issues
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Table 13: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage
(e.g. reference/detailed etc.)

AIR

The downstream model extent needs to be extended for further design.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable
and appropriate compared with typical similar linear infrastructure
projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions
Appropriateness of model arrangements and input parameters

AIR

Additional documentation and sensitivity modelling is required to confirm that model
arrangements and input parameters are appropriate.

Appropriateness of model calibration process

AIR

The model validation process is generally appropriate, subject to confirmation with
additional documentation that the catchment used to provide parameters is
hydrologically similar.

Appropriate application of input data (including addressing data
gaps)

AIR

Subject to the provision of additional documentation and sensitivity modelling as
required, input data is generally appropriately applied.

Assumptions around land-use (crops etc.)

Yes

Acceptable assumptions have been made in regard to land-use (subject to sensitivity
testing identified with respect to application).

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

Yes

The application as a sensitivity only is appropriate, subject to the potential revision of
design rainfall intensities available for the area and subject to ISCA requirements.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.

36 | March 17, 2021

Appendix H: Bringalily Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Focus Issue

Satisfied?

Comment

Application
Appropriate sensitivity analysis to various items e.g. flow inputs,
coefficients

AIR

Additional sensitivity assessment is required in relation to level of vegetation and
bridge loss coefficients as part of further design. Additional sensitivity assessment is
recommended as part of the consideration of the modelling completed to date.

Appropriateness of change indicators

AIR

Change indicators are generally appropriate, although a more quantitative approach to
changes in velocity and duration of inundation (for more frequent events) would be of
benefit for the interpretation of results

Appropriateness of structure and embankment representation
(depending on the stage of the design)

Yes

Structures and embankments have been appropriately represented for this stage of
design.

Flood frequency analysis

N/A

No gauge upon which a flood frequency analysis could be completed.
Interpretation

Achievement of Design Criteria

Yes

The Design Criteria have been generally achieved,

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessments completed with respect to blockage and climate change
are appropriate.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their local property
context

AIR

While impacts are quantified, additional justification is requested in relation to impacts
within the 200-400 mm range (noting they are likely to be acceptable given their
location and extent).

Appropriateness of the alignment, with regard the related flood
impacts, within the current EIS Study Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

Consider whether reasonable and practical steps have been taken
to mitigate flood impacts, if any, outside of the project boundary

AIR

Insufficient information has been provided to the Panel in relation to the efficacy of the
adopted mitigation measures and the justification for additional mitigation not being
required and/ or practicable.

Additional information that would be required to be addressed in
the Detailed Design phase of the program

Yes

It will be necessary to complete additional sensitivity analyses and to refine the models
in the detailed design phase.

Note:

AIR stands for Additional Information Required (as summarised in Table 14) in order to confirm issue satisfied.
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Table 14: Summary of Identified Issues
Item
No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Extent

BL1

Sub-catchment extents
details not provided and
local sub-catchment
inflows include
upstream catchment
flows.

BL2

The location of the
downstream model
extents and boundary
intersects the rail
alignment and may
impact on results.

2.3

Need to check that suitable
application of inflows has
been undertaken with
regards to sub-catchment
delineation considering the
rail alignment. The adding
of upstream sub-catchment
flows to local inflows will
over-estimate the flow.

Not correctly accounting for flow
upstream and downstream of the
alignment can result in the over or
under-estimation of discharge at a
drainage structure depending on the
point of application of the inflow for
a sub-catchment.

High

For detailed design, further subdivision of sub-catchments and
adjustment of catchment boundaries
to reflect areas upstream and
downstream of the alignment is
necessary. Check all inflow PRINT
statements are correctly applied.

3.2.3

The location of the
boundary does not extend
far enough downstream of
the alignment.

Boundary effects could mask the
impacts of the alignment.

High

Impacts shown unable to be relied
upon at downstream boundary.

Medium

Confirmation is required that the
available data was suitably applied
to the hydrologic model.

Medium

Clarification is sought in relation to
reason for change in Alpha
parameter from previous Engeny
study and additional (Rational
Method or similar) checks on subcatchment flow estimates.

Assumptions

BL3

BL4

Insufficient information
is provided in relation to
the Macintyre Brook
FFA and its use in the
validation process.

Parameters used in
URBS model

38 | March 17, 2021

2.2, 2.5.1
4

2.4.1, 4.3

Potentially affects the
validation of the hydrologic
model and subsequent
design flows.

Potentially affects the peak
flow derived for design
events

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

If model parameters were to be
adjusted, flows and levels for design
events would be affected.
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Item
No.

BL5

Item/Issue
Final loss rates not
detailed. Potential
variation in loss rates
could mask
inadequacies with other
URBS parameters.

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

2.4.2

Loss rates can affect the
magnitude of flow for design
events.

The use of alternate loss rates
could affect design flows and
therefore the required size of
drainage structures.

Low

Adopted loss rates are considered to
be conservative.

Application

5.2

The latest TUFLOW HPC
engine contains many
significant improvements

The change in the hydraulic model
solver could result in slightly
different peak water levels,
velocities and discharges

Low

Modelling was completed using
model version available at the timethe latest version contains improved
algorithms with respect to timestep.

Potential for design flows that are
too low and therefore could impact
on the required size of drainage
structures.

Low

Correct critical duration and
temporal patterns likely adopted.

Likely to be negligible - note only for
further design

Low

Note for further design.

BL6

The adopted TUFLOW
HPC engine is not the
latest version

BL7

Not all base model files
provided to verify critical
duration/temporal
patterns

2.5.3

Unable to verify if correct
critical durations and
temporal patterns were
used for design events.

BL8

Minor differences
between URBS output
hydrographs and input
hydrographs for
TUFLOW model

2.5.3

Could result in slight
discrepancies in levels.
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Item
No.

BL9

BL10

Item/Issue

Location of inflows
applied to the hydraulic
model are inconsistent.

No losses applied to
bridge “openings”.
Bridge loss coefficients
not calibrated or verified
against alternate
methods.

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

3.3

Local inflows from the
hydrologic model represent
flows to the centroid of each
sub-catchment. Some
inflows are distributed along
a length of the creek reach
plus additional locations
which could duplicate
routing of flows. Other
inflows are applied at the
downstream extent of the
sub-catchment limiting full
routing of flows from the
centroid.

Inconsistent application of the inflow
location will impact on the relevant
timing of the hydrographs from the
respective sub-catchments and total
inflows.

High

3.5.2

Head loss across structure
could be underestimated
resulting in lower impacts
upstream of the structure.

Larger/wider bridge structures could
be required to minimise impacts to
satisfy adopted criteria.

Low

Detailed design to confirm
reasonableness of losses using
alternate approaches

Very High

To ensure that the level of detail in
the report is sufficient to describe
the work undertaken and adopted
measures.

Approach could result in the double
routing of flow. Sensitivity
assessment required to determine
whether the use of an alternate
approach would produce
significantly different results.

Interpretation

BL11

Level of detail in
Technical Report
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5.1, 5.5.2

Technical Report needs to
include a significant level of
detail to describe the
modelling undertaken and
results achieved to a
sufficient level of detail.

Without additional detail, there are
uncertainties in relation to the level
of detail of the modelling and its
appropriateness.
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Item
No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

BL12

Justification for flood
level impacts and
changes to time of
submergence.

5.4.1,
5.4.2,
5.5.1

An increase in level towards
the upper limit of the
nominated objectives is
proposed.

If an increase is deemed to be
excessive, then the design will need
to be modified.

Very High

Although the increase in level is
within the upper bound for the
objective and affects a relatively
small area and is therefore likely to
be tolerable, further justification is
required in relation to the
acceptability of the increase.

BL13

Immunity of Heckles
Road

5.4.3

Need to ensure immunity of
existing roads is not
significantly affected.

May need to adjust design if the
immunity of the road is reduced.

Medium

Confirmation required that change in
flood immunity of road is minimal.
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Appendix 1 Model Review Summary Tables
Table 15: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Yes

Section 2.1

Hydrologic Model Setup
1h

Model Software

2h

All Model files provided and can results be
reproduced

Yes

Not all base model files
provided to check
appropriate critical
durations/temporal
patterns. Those files
provided reproduced
reported results Section
2.5.3

3h

Catchment extent

Yes

Section 2.3

4h

Sub-catchment delineation

No

Section 2.3

5h

Model catchment areas

No

Section 2.3

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

Section 2.4

7h

Adopted Parameters - routing

Yes

Section 2.4.1

8h

Adopted Parameters - losses

Yes

Section 2.4.2

9h

Adopted Parameters - runoff coefficient

N/A

FDR notes that Rational
Method used to confirm
local catchment flows

Design Representation

1f

Gauge records available

Yes

Macintyre Brook
catchment used for areascaled FFA. No gauge
details provided Section
2.5.1

2f

Gauge record length suitable for FFA

Yes

No gauge details
provided Section 2.5.1

3f

Compare design flow estimates to FFA

Yes

Section 2.5

4f

Annual Maximum Series

No

Section 2.5

5f

Number of years input to FFA calculation

Yes

No details of FFA
provided Section 2.5.1

6f

Historical events

No

Section 2.5

7f

Censoring and filters

Yes

No details of FFA
provided Section 2.5.1
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Item No.

Description

Checked

Additional Information

8f

Probability distribution

Yes

No details of FFA
provided Section 2.5.1

9f

Low flow filtering

Yes

No details of FFA
provided Section 2.5.1

Calibration
1c

Model Calibration/Validation

Yes

Section 4

2c

Calibration data

Yes

No details of FFA
provided Section 2.5.1

3c

Calibration events and magnitude

N/A

No calibration events

4c

Review rating curves

Yes

No details of FFA
provided Section 2.5.1

1f

Gauge records available

Yes

Macintyre Brook
catchment used for areascaled FFA. No gauge
details provided Section
2.5.1

2f

Gauge record length suitable for FFA

Yes

No gauge details
provided Section 2.5.1

3f

Compare design flow estimates to FFA

Yes

Section 2.5

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Flow estimates maybe
too low - Section 2.5.1

2a

Use of ARR 2016/2019

Yes

Sections 2.4.3

3a

Critical duration

Yes

Query regarding critical
duration and temporal
patterns adopted.
Section 2.5.3

4a

Mean temporal pattern selection

Yes

Median TP selected not
mean. Section 2.5.3

5a

IFD rainfall data

Yes

Section 2.4.3.

6a

Temporal pattern zone

Yes

Checked but not stated
in text

7a

Areal varied patterns

Yes

Section 2.4.3.

8a

Areal reduction factors

Yes

Section 2.4.3

9a

Design rainfall losses - Calibration events

N/A

No calibration events

10a

Design rainfall losses - ARR data hub

Yes

Section 2.4.2
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Item No.

Description

Checked

Additional Information

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

Section 2.5.1

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.5.1

3am

Is the RFFE appropriate for the catchment

NA

Comparison to FFA and
other studies considered
to be more relevant.
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Table 16: Hydraulic Model Review Summary
Item
No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can results be
reproduced

Yes

3h

Model extent

Yes

Section 3.2.3

4h

Model setup

Yes

Sections, 3.3,3.4, 3.5 and 3.6

5h

Model boundaries

Yes
Control

1c

TUFLOW run log

No

2c

TUFLOW Version

Yes

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

HPC version used

5c

Materials/roughness definition

Yes

6c

TUFLOW Materials File

Yes

7c

Direct Rainfall - Losses

NA
Calibration

1c

Model Calibration/Validation

Yes

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

Events and Scenarios
Events and Scenarios

Yes

1% AEP

Yes

Climate change

Yes

Section 5.8.2

Blockage

Yes

Section 5.8.1

Extreme events

Yes

Section 5.7

Other sensitivity assessments

No

2e

Start and end times

No

3e

Initial conditions

Yes

1e

Not detailed
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Item
No.

Description

Checked

4e

Event text

Yes

5e

Scenarios and variables

NA

Additional Information

Boundary Conditions
1b

Inflow location

Yes

Section 3.3

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.3

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Not detailed

6b

1D connections

Yes

Not detailed

7b

Channel connections

NA

8b

Active cells

NA
Geometry

1g

Cell orientation

Yes

2g

2D active cells

Yes

3g

Model extent

Yes

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

No change from existing

6g

Elevation raster check

Yes

7g

Bridge representation

Yes

Section 3.5

8g

Breaklines

Yes

None used

9g

Topographic modifications

Yes

Rail Design DEM

1D Network – Existing
1e

1D input check

Yes

2e

Cover check

No

3e

1D continuity

Yes

4e

1D locations & sizing

Yes

5e

1D losses

Yes

6e

1D blockage

Yes

46 | March 17, 2021

Spot checks. Implied not detailed

Appendix H: Bringalily Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Item
No.

Description

Checked

7e

1D connection type

Yes

8e

1d connection grid cell check

Yes

9e

1d network invert levels & outlet check

Yes

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA

Additional Information

Design Representation
1d

1D locations & sizing

Yes

2d

1D input check

Yes

3d

Cover check

Yes

4d

1D continuity

Yes

5d

1D blockage

Yes

6d

1D connection type

Yes

7d

1d connection grid cell check

Yes

8d

1d network invert levels & outlet

Yes

9d

Bridge representation

Yes

Section 3.5

10d

Topographic modifications

Yes

Not detailed

11d

Design criteria flood level impacts

Yes

Not detailed that they match the
report

12d

Design criteria duration of flooding impacts

No

13d

Design criteria hazard category impacts

Yes

Not detailed

14d

Design criteria velocity and flow direction
impacts

Yes

Not detailed

Not detailed

Results
1r

Can results be replicated

Yes

3r

Review negative depths

Yes

4r

Review timestep outputs for HPC

No
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Item
No.

Description

Checked

5r

Check raster outputs for irregularities

Yes

6r

Check .csv outputs for culverts

Yes
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Nicol Creek completed by the Future Freight Joint Venture (FFJV) in support of the
draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR) for
the Border to Gowrie (B2G) section of the Inland Rail Project.A summary of the
issues identified in the review is provided in Section 7.3. A summary of the model
review items can be found in Appendix 1.
The following reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the hydrologic model (Canning Creek) that contains Nicol Creek.
Figure 2 shows the hydraulic model extent of Nicol Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Toowoomba Regional Council local government
area.
Note that the catchment area of the hydrologic model is 38.7 km2, which is below the
100 km2 threshold for designation as a “major” catchment by the FFJV. This
catchment is a moderate catchment. Section 8.2.1 of the FDR clarifies that for the
B2G package, unlike the other packages, both the major and the moderate
catchments are modelled as regional models.
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Figure 1: Nicol Creek Hydrologic Model Extent (Future Freight Joint Venture, July 2020)
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Figure 2: Nicol Creek Hydraulic Model Extent (Future Freight Joint Venture, July 2020)
March 17, 2021 | 3

Appendix I: Nicol Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.
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1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed two relevant previous
studies that were coincident with the Nicol Creek study area:
•

Inglewood Flood Study (Engeny Water Management, 2015)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The Inglewood Flood Study (Engeny Water Management, 2015) involved
development of hydrologic and hydraulic models for the Macintyre Brook catchment
down to Inglewood and it was calibrated to the 1976 flood event. Its outlet is
approximately 43 km downstream of the Nicol Creek hydrologic and hydraulic
models. The Inglewood Flood Study used ARR87 hydrology. A flood frequency
analysis was performed in that study at the Inglewood gauge (presumably DNRM
gauge 416402).

1.5

Scope of the Review
This review assessed only the regional flooding models of the Nicol Creek section of
B2G between Ch 104.00 km and Ch 105.75 km. Specifically, the Nicol Creek URBS
models and the Nicol Creek TUFLOW model.
There were no local catchment TUFLOW models between Ch 104.00 km and Ch
105.75 km from the drainage section of the FDR (Future Freight Joint Venture,
January 2020).
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2

Hydrologic Model Review

2.1

Overview
Hydrologic modelling to assess the regional flooding was undertaken using the URBS
hydrologic package. URBS is a rainfall runoff routing model for flood forecasting and
design. It has been under development for the past 15 years and is one of the
preferred software packages for operational flood forecasting throughout Australasia.
URBS was recently revised to improve the integration of the latest methodology
detailed in ARR2016 and ARR2019. URBS is considered to be a suitable tool for
assessing the hydrologic processes across the wider catchment that enables
calibration to historical events and ultimately to produce appropriate design
hydrographs as inflows to the hydraulic model.
A new URBS model was used for the assessment of Nicol Creek as the larger Upper
Condamine River hydrologic model reflects large-scale regional characteristics of
longer duration events. The use of the Upper Condamine River model would
potentially underestimate the flows associated with the shorter duration events that
produce peak conditions in the Nicol Creek catchment.
The local drainage catchment flows for the minor catchments were generated in
accordance with ARR2016 using ILSAX within the 12D Drainage Network Editor. 12D
Drainage is generally considered to be a suitable tool for local drainage analysis.

2.2

Calibration Data
Nicol Creek is one of four major waterways which cross the Project rail alignment
before flowing into Canning Creek (a tributary of Macintyre Brook). The other
waterways are Bringalily Creek, Native Dog Creek and Cattle Creek. Due to their
proximity to one another, all four waterways were modelled in a unified Canning
Creek model in the Inglewood Flood Study by Engeny 2015. The model was
validated against the 1976 flood event at two stream gauges (416402B/C, 416415A).
It is noted that the Inglewood stream gauge (416402) is located downstream of the
confluence of Canning Creek and Macintyre Brook and that therefore the Canning
Creek catchment was not directly calibrated to a stream gauge.
The modelling completed with respect to the Nicol Creek catchment and presented in
the Technical Report was based on the previous Engeny Canning Creek URBS
model, with refinements to the sub-catchments to reflect the flows to the rail
alignment and incorporation of ARR2016 hydrology. The catchment area upstream of
the rail crossing of Nicol Creek is approximately 38 km2.
Section 10.2.3 of the Technical Report states that in the absence of data to calibrate
the Canning Creek catchment, the hydrologic model was instead validated against an
area-scaled FFA of an analogous catchment. The suitability of adopting this
catchment is based on Canning Creek draining to this location 14 km downstream.
Further detail is required to confirm that the characteristics of the respective
catchments align reasonably and that they can be considered to be hydrologically
similar (i.e. slopes, shape, land uses etc.).
The catchment on Macintyre Brook at Inglewood was used for the FFA. The FFA
from the Engeny study was adopted as well as one prepared by FFJV incorporating
the additional stream gauge data post-2015.
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Comparisons were also made to flows determined using the Regional Flood
Frequency Estimate (RFFE) and Department of Transport and Main Road’s (DTMR)
Quantile Regression Technique (QRT).
The RFFE and QRT are recommended within the latest ARR2019 guidelines and are
considered suitable for use in ungauged rural catchments.
Notwithstanding the lack of detail provided with respect to the change in parameters
used, based on the results achieved using the RFFE and QRT methods, the
hydrologic model is considered to be suitably validated.

2.3

Catchment Delineation
Figure 3 shows an overview of the Nicol Creek catchment (in yellow) including the
proposed rail embankment alignment (shown in green).

Figure 3: Nicol Creek Catchment (Figure E1-C from Technical Report)
The sub-catchment delineation adopted for the Nicol Creek catchment assessment
was derived from the underlying LiDAR topography which in this case was the 2015
ARTC LiDAR 1 m.
While the report states that Nicol Creek catchment was refined from the Engeny
study, no figures or files depicting the final sub-catchment delineation were provided.
It cannot be determined if refinement of the sub-catchment extents was undertaken
considering the location of the rail alignment.
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The same sub-catchments appear to be used for the consideration of existing and
developed conditions as no changes were made to the developed case inflows to the
hydraulic model.
The application of inflows from the sub-catchments to the hydraulic model is
furthered discussed in Section 3.3.

2.4

Model Data

2.4.1

URBS Parameters
URBS relies on a number of key parameters to represent runoff and storage within
each sub-catchment. For the Nicol Creek catchment, the URBS model was setup
with the following parameters:
•

Basic Model (Routing variables are catchment area and stream lengths)

•

Alpha 1.2;

•

m 0.8 (non-linear catchment routing – standard value);

•

n 1.0 (non-linear channel routing).

These values are considered within the reasonable range expected of each
parameter for the URBS “Basic” model setup, however the Engeny study adopted an
Alpha of 1.7 for the overall Canning Creek catchment model. No discussion has been
included within the FFJV regarding the change in parameter values. Further
justification of the adopted parameters is requested.

2.4.2

Loss Rates
Table 10.3 of the Technical Report states that the losses were initially adopted from
the Inglewood Flood Study (2015) (Initial loss – 15 mm, Continuing loss – 1 mm/h)
and adjustments were made to reconcile URBS flows to area-scaled FFA. The report
however does not state what final losses were adopted.
A review of the supplied model files indicates that the design runs adopted an initial
loss of 0 mm and a continuing loss of 0.43 mm/hr for the 1% AEP design event which
takes into account pre-burst depths removed from the initial loss.
The adopted Continuing Loss values are relatively low compared to the
recommended values from the ARR data hub and while conservative, could
potentially mask the use of inappropriate URBS parameters.
The Technical Report does not detail the coordinates that were used to extract the
data and it is noted that storm losses generated by the Hub tool can be sensitive to
the location nominated.
It is recommended that further detail be provided with respect to the sensitivity of the
model to adopted losses.

2.4.3

Rainfall Data and Focal Point
The design flood events were assessed using design rainfall intensity frequency
duration (IFD) data and temporal patterns in accordance with the latest ARR2016
methodology.
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A single IFD was extracted based on the total Nicol Creek catchment centroid and a
focal point was used to extract appropriate Areal Reduction Factors (ARFs) to be
applied to the point of interest. As the catchment area increases, the ARF decreases
to reflect the greater variation in rainfall associated with larger catchment areas.
The resultant rainfall applied across the catchment assessed can therefore vary
considerably as a result of where the focal point is taken and the total catchment area
contributing to this point. The assessment for the Nicol Creek section of the
alignment adopted the centroid of the total catchment in determining the design event
rainfall and flows applied to the catchment. This is considered to be reasonable given
the relatively small total catchment area.

2.5

Design Discharges

2.5.1

Flow Rates
As previously noted, the Nicol Creek catchment is ungauged and validation of the
URBS hydrologic model has been undertaken by comparing design flows to the
following methods:
•

An area-scaled FFA of the full Canning Creek catchment to an analogous
catchment being Macintyre Brook. Using the validated Canning Creek URBS
model, application of ARF to suit the Nicol Creek catchment;

•

The Quantile Regression Technique; and

•

ARR’s Regional Flood Frequency Estimation model.

The estimated flow comparisons for the Nicol Creek hydrologic model are shown in
Figure 4 and Table 1.

Figure 4: Validation of Nicol Creek Flows to Alternate Methods (Figure 63 from
Technical Report)

6 | March 17, 2021

Appendix I: Nicol Creek Models Review - Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Table 1: Estimate of flows at the outlet of the URBS Nicol Creek hydrologic
model (Table 10.3 of Technical Report)

The Technical Report notes the flow estimates adopted were within 90% confidence
limit derived from the RFFE analysis and ‘show a close match’ with the QRT.
Although it is acknowledged that the potential variation in flow associated with the
RFFE results is relatively large, the use of flow rates that are approximately 45%
lower than the RFFE estimate and also 32% lower than the QRT is not considered to
be a “close match”, for the 1% AEP event and for lower AEP events the differences
are greater. The use of other methods of flow assessment suggests that the peak
flows estimated for Nicol Creek are too low.
Given this, it is necessary to either adjust the model to provide flows that more
closely align with other flow estimates or to fully justify the parameters adopted from
the nearby catchment.
This is of concern as the adoption of higher flows for detailed design will result in
greater impacts (in terms of level, extent and duration of submergence and flow
velocities) if the drainage structures nominated in the Technical Report were to be
retained or result in the need to adopt larger drainage structures to provide impacts
similar to those nominated in the Technical Report.
It is recommended that flows that at least match those obtained from the QRT
analysis be adopted together with validation of sub-catchment flows to the Rational
Method.

2.5.2

Temporal Patterns
The temporal patterns recommended for use in ARR2016 vary according to the
catchment area being considered. Point temporal patterns are defined for catchments
less than 75 km2 in area, with areal temporal patterns for durations greater than 12 hr
provided for a range of catchment areas including 100 km2 and 200 km2.
The catchment area draining to the Nicol Creek crossing of the railway is of the order
of 38 km2.
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Based on a review of the supplied hydrologic model, a single set of temporal patterns
(for a different area) were adopted for durations over 12 hours for the investigation
which is suitable noting that no AEP events had a critical duration longer than 12
hours.

2.5.3

Derivation of Design Storms
Section 10.2.2 of the Technical Report details the methodology associated with the
derivation of design storms. The modelling included modelling the ten temporal
patterns associated with multiple durations for the full range of events considered.
Based on the median flow obtained for each duration, the critical storm duration at
“Key Locations” (these locations were un-defined within the report but assumed to be
at the crossing location) was determined for the range of AEP events (Table 10.7 of
the Technical Report). This approach is considered to be reasonable with respect to
the main crossing.
However not all base model result files were provided for review to be able to verify
the critical duration. Further detail is recommended as part of the detailed design to
enable verification to be undertaken i.e. in the form of box plots.
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3

Hydraulic Model Review

3.1

Overview
Hydraulic modelling to assess regional flooding in Nicol Creek was undertaken using
the 1D/2D (one-dimensional/ two-dimensional) hydrodynamic modelling package
TUFLOW incorporating the latest Heavily Parallelised Compute (HPC) solver (version
2017-09-AC-iSP-w64). The 2D solver is an explicit solution of the full 2D Shallow
Water Equations, including sub-grid scale eddy viscosity.
The scheme is volume and momentum conserving, is second order spatially and
fourth order in time. The 2D solver is dynamically linked with TUFLOW’s 1D solver
ESTRY which provides full 1D pit, pipe, culvert and open channel functionality.
TUFLOW HPC is widely used across in Australia and Internationally and is
considered to be an appropriate tool for assessing the two-dimensional flows
experienced across the wider regional catchment and the potential impacts
associated with proposed rail alignment. Further discussion with respect to the
suitability of the model setup is detailed in subsequent sections below.
Assessment of local drainage provisions for Minor Catchments (considered to be
<10 km2), was undertaken using the 12D Drainage functions (Network Editor and
Dynamic Culvert), with subsequent TUFLOW modelling to determine flood level
impacts (Section 8.3.2 of the FDR). The 12D Dynamic Culvert model, is a 1D model
based on the St Venant equations. 12D Drainage is generally considered to be a
suitable tool for assessing less complex flow patterns where there is limited
interaction between neighbouring catchments.
Further discussion with respect to the interaction between the regional and local
models is detailed in subsequent sections below.
The following sections are primarily focused on the regional Nicol Creek flooding,
with Section 3.8 presenting a review of the local catchment hydraulic modelling
described in the FDR.

3.2

Topography and Model Extent

3.2.1

Source of Ground Level Data
LiDAR data from 2015 was provided by ARTC for the area of disturbance footprint.
Figure 5 presents the modelled topography used in the hydraulic model. Figure 6
shows the PMF flood extents.
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Figure 5: Modelled Topography and Inflow Locations
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Figure 6: Existing PMF Peak Water Levels (Figure E2-H of Technical
Report)

3.2.2

Grid Size
The TUFLOW hydraulic model used a 5 m grid to define the topography across the
modelled area. A more refined model using smaller grid sizes would provide greater
accuracy in the smaller flood events for those areas with smaller local drainage
paths. Similarly, the use of “gully lines” to define the low points along the creek could
provide a more accurate representation of the main flowpaths.
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A check using a refined 2 m grid resulted in minimal change to the peak flood levels
across the model extents. The 5 m grid is therefore considered suitably refined for
the majority of flood events considered critical for this assessment.

3.2.3

Extent of Model
The hydraulic model extents cover the area of interest, extending approximately
0.4 km downstream of the alignment. The downstream boundary of the hydraulic
model assumes a normal depth boundary based on an assumed water surface slope
of 0.005.
Sensitivity testing undertaken as part of this review confirmed that the boundary is
located sufficiently downstream of the area of interest as to not impact on the
assessment of conditions at the alignment.
The extent of the model is therefore considered to be adequate.

3.3

Boundary Conditions and Inflows to Model
Inflows to the TUFLOW model were applied as SA polygons with the use of the “All”
option which distributes the flow equally to all cells within the polygon. The
hydrographs from the hydrologic model used as input to the TUFLOW model are
those routed to the sub-catchment’s downstream outlet.
The sub-catchment extents and delineation has not been provided and therefore it is
not possible to fully verify the appropriate application of the hydrologic inflows to the
hydraulic model has been undertaken. Provision of further detail with respect to the
sub-catchment extents is requested.
Local inflows for sub-catchments covered by the model extents are also applied with
polygons that in the case of sub-catchment 12 (Figure 5) extends along a length of
the creek reach encompassed by the sub-catchment plus two additional locations.
Effectively this would duplicate routing already assessed within the hydrologic model
and needs to be corrected
The inconsistent application of inflows to the model will impact on the timing and
routing of flows through the system and ultimately the peak flow reaching the rail
alignment crossing. It is recommended that during detailed design, a consistent
approach be adopted that does not duplicate catchment routing between the
hydrologic and hydraulic models.

3.4

Roughness Coefficients
Roughness coefficients applied across the area of interest were based on current
aerial imagery. The adopted Manning’s n values (refer Figure 7) are considered to be
within typical ranges for each land use/vegetation type. A review of the vegetation
density across the catchment based on available imagery indicates that areas
outside of crops generally consist of well-spaced native trees with little dense
understory noticeable.
The majority of the floodplain is assigned with the Manning’s n= 0.045 (Minimum
Vegetation) and a default for crops of n=0.1085 (it is assumed that such a precise
value is a result of the calibration process for the wider Condamine River catchment
flood model).
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Figure 7: Hydraulic Model Roughness
Although the adopted values appear to be reasonable, a sensitivity assessment
should be completed to determine the potential variation in level associated with
changes in roughness.
In particular, fallow or mature crops will have different roughness coefficients. While
assuming mature crops with a higher roughness coefficient is generally considered to
result in higher flood levels, fallow or freshly harvested crops with lower roughness
can alter the timing of flow hydrographs resulting in changes to coincident flooding
from contributing catchments. While the Materials file that defines the roughness
coefficients does include additional vegetation options relating to Crops i.e. Barley –
mature - Against Flow n=0.1105 etc, they do not appear to have been used for the
Nicol Creek assessment.
It is typical to model a low roughness scenario as a sensitivity case to ensure that
unforeseen impacts associated with the proposed rail works are not overlooked. This
scenario is considered to be required as part of the sensitivity component of the
assessment.

3.5

Modelling of Railway and Structures

3.5.1

Rail Alignment
The rail embankment is appropriately modelled using a design DEM of the alignment
across the creek. The alignment levels in the flooded extents range from
approximately 356.5 mAHD to 359 mAHD. Abutments for the single bridge opening
was also modelled using shape files. This is considered to be an acceptable
approach notwithstanding the comments detailed in Section 3.5.2.
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3.5.2

Structures
Figure 8 shows the drainage structures adopted for the embankment within the
extent of the Nicol Creek catchment. With reference to the figure, the drainage
proposed with respect to regional flooding includes one bridge and four culvert banks
(shown in aqua in Figure 8) on the main alignment. Details of the proposed bridge
and culverts are listed in Table 2 and Table 3 respectively.

Figure 8: Regional Drainage Structures (Figure E1-F from Technical
Report)
Table 2: Adopted Bridge Drainage Structures – Regional

Note:

Table is reproduced from Table 12.89 of Chapter 12 of the draft EIS. Refer to Figure 8 for location
of structures.

Table 3: Adopted Culvert Drainage Structures – Regional

Note:

Table is reproduced from Table 12.90 of Chapter 12 of the draft EIS. Refer to Figure 8 for location
of structures.

Culverts have been represented within the hydraulic model as 1D_nwk elements.
Standard Entry and Exit Losses of 0.5 and 1.0 respectively were applied to each
culvert. Standard height and width contraction coefficients were used for both box
and piped culverts.
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A 25% blockage factor was applied for proposed culverts and existing culverts. This
should result in a conservative design by providing additional conveyance area.
The culvert details reproduced from the Technical Report below are included in Table
4.

Table 4: Technical Report Structure Details (Tables 10.10 and 10.9)

The bridge structure was modelled only as an opening in the rail embankment with
no additional blockages or energy losses considered with respect to the bridge piers
that will be required for a span of 92 m, nor the bridge deck which will potentially be
reached by flood waters for the larger flood events.
When representing bridges within TUFLOW, it is typical to use the Layered Flow
Constriction Shape approach recommended by TUFLOW whereby Form Loss
Coefficients and percent blockage are applied typically over three layers being under
the bridge (pier losses), the bridge deck (100% blocked) and bridge railings/barriers
(typically over a depth of 1 to 1.2 m). A fourth layer is assumed unimpeded to
account for flow over the bridge.
Given the significant size of the structures, it is expected that bridge losses will be
relatively minor. It is recommended that bridge losses be considered as part of further
design to ensure that the flood impacts associated with bridges can be appropriately
considered.

3.6

Model Stability
The model was found to be generally stable.

3.7

Design Event Modelling
Section 10.4.1 of the Technical Report describes the process used to define the
critical duration for the design events based on the hydrologic modelling. The critical
duration was that which produced the highest median flow of the ten temporal
patterns for each event and duration. Although not stated, it is assumed that the
Rank 6 temporal pattern was selected as the median and it was this design event
that was utilised in the hydraulic modelling.
It is also assumed that the critical duration and temporal pattern was applied at the
rail alignment and not the outlet of the model. This needs to be clarified and
confirmed during detailed design.
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It is noted that the adoption of the critical duration and temporal pattern based on
hydrologic modelling alone may result in an erroneous selection if there is
appreciable floodplain storage or detention mechanisms within the catchment that
would not be readily represented within an uncalibrated hydrologic model. It is
recommended, if not already completed but undocumented, that the critical duration
and temporal pattern be confirmed using the hydraulic model which would better
represent the catchment characteristics and the detention aspects attributable to the
rail embankment.

3.8

Local Catchment Modelling
The approach adopted with respect to the modelling of local catchments (refer
Section 3.1) would appear to be reasonable.
In the case of the Nicol Creek catchment, seventeen local catchments were
identified. Bridge 310-BR28 is also believed to be located in the Nicol Creek local
drainage catchment area. The largest local drainage catchment is approximately 212
hectares.
For such areas, the methodology is considered to be acceptable.
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4

Calibration

4.1

Overview
The Nicol Creek catchment is ungauged and therefore calibration of a model of Nicol
Creek was not possible. Similarly, the calibration of the larger Canning Creek
catchment in which Nicol Creek sits was not possible. Recourse was made to
alternative validation methods for the hydrologic modelling rather than calibration,
including the use of an area-scaled FFA for a larger catchment (refer following
section).
In addition, the Quantile Regression Technique and the Regional Flood Frequency
Estimation method were used for further comparison.
Due to the lack of recorded flood level data, no calibration of the hydraulic model was
undertaken, with adopted roughness coefficients based on typical values for the
respective land uses and vegetation density.

4.2

Data Available and Used in Validation

4.2.1

Stream Gauges and Area-Scaled FFA
There were no stream gauges within the Nicol Creek catchment available.
In the absence of data to calibrate the Canning Creek hydrologic model, a FFA was
completed for the Macintyre Brook catchment (which contains the Canning Creek
catchment) to the stream gauge at Inglewood. This FFA was scaled by area to obtain
a FFA estimate for Canning Creek. The loss rates in the Canning Creek model were
then adjusted to provide flow estimates that agreed with the estimated Canning
Creek FFA. The resultant loss rates and model parameters were applied to the Nicol
Creek hydrologic model.
Further detail with respect to the Macintyre Brook FFA is requested in terms of the
ability to apply the results from the Macintyre Brook FFA to Canning Creek and the
resultant parameters and loss rates to Nicol Creek.

4.2.2

Quantile Regression Technique
The Quantile Regression Technique developed for Queensland by Weeks et al. It is
understood that this technique has been superseded by the RFFE Model
recommended in the ARR2016 as the best practice tool for ungauged rural
catchments in Queensland. However, given the range of flows obtained via the use of
the RFFE Model, it provides an additional method to assess the validity of flow rates
derived from hydrologic models.

4.2.3

Regional Flood Frequency Estimation (RFFE) Model
The RFFE model was developed for ARR2016 to provide a tool for ungauged
catchments ranging in area from 10 km2 to 1000 km2. ARR2016 provides practical
considerations for application of the RFFE with the aspects potentially relevant to the
Nicol Creek catchment including containing dams, other artificial storage and
intensive agricultural activity. Generally, the RFFE model is expected to overestimate
the flows from those catchments affected by the above characteristics.
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ARR2016 also states the following with respect to accuracy of the method:
“it may be stated that the relative accuracy of regional flood estimates using the
RFFE model presented in this chapter is likely to be within ±50% of the true value;
however, in a limited number of cases the estimation error may exceed the
estimation by a factor of two or more”.

4.3

Acceptability of Validation
As the peak flow derived from the hydrologic model is well below that derived from
either the QRT or the RFFE Model, it is considered that the hydrologic model is yet to
be appropriately validated.
It is considered that the parameters adopted for the model need to be adjusted to
provide a peak flow that is commensurate with that obtained using other methods or
a more thorough justification of the appropriateness of the area-scaled FFA from the
Macintyre Brook gauged catchment be provided.

4.4

Local Catchment
Verification of flows was undertaken by comparison to the Rational Method. Given
the size of the local catchments, this approach is appropriate.
Section 8.2.3.2 of the FDR notes that the agreement to the Rational Method was
within a tolerance of -8 to 15 percent, which is considered to be acceptable.
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5

Proposed Design – Regional Modelling

5.1

General
The proposed design and its impacts are discussed in Section 12.9.2.5 of the draft
EIS and Section 10.5 of the Technical Report.

5.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a very minor variance in the simulation timestep for at least one
event (as shown in Figure 9). For models of other catchments, a greater impact on
timestep was obtained. It is expected that this impact can be attributed to the version
of the software available when modelling commenced (2017-09-AC-iSP-w64).
Limited testing undertaken by the Panel using the latest version of TUFLOW (202010-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.

Figure 9: Design Case 1% AEP 9hr Temporal Pattern 04 HPC Timestep

5.3

Embankment Height
Most of the embankment has been set well above the calculated 1% AEP flood level
to satisfy vertical alignment requirements. The embankment has a freeboard in
excess of 1.7 m at the location of drainage structures (Section 10.5.2.1 of the
Technical Report).
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In comparison, the hydraulic design criteria (refer main report) for the embankment is
to achieve 300 mm freeboard with respect to the 1% AEP event. It is expected that
the use of a higher flow (refer Section 2.5.1) will not affect the vertical alignment.

5.4

Flood Level Impacts and Sensitive Receptors

5.4.1

Flood Level Impacts
Table 5 lists the locations where the calculated increases in flood level exceed the
nominated flood impact objectives (refer main report).

Table 5: Flood Level Impacts (Table 12.91 from draft EIS)

In this case, the increases in level fall well within the upper limit nominated in the
Flood Impact Objectives and occur over a relatively limited rural area, not affecting
sensitive receptors.
As the impact would appear to affect a relatively limited rural area and is only slightly
greater than the 100 mm target, the increase is considered to be acceptable.

5.4.2

Millmerran-Inglewood Road
Millmerran-Inglewood Road is located approximately 900 m upstream of the
proposed rail alignment and has an estimated 10% AEP immunity. Under all events,
the rail line will cause no perceptible changes in water levels or time of submergence
near Millmerran-Inglewood Road (Tables 10.21 and 10.22 of the Technical Report).

5.4.3

Local Public Roads
Section 10.5.3.4 of the Technical Report states that no local public roads were
expected to be impacted by the rail alignment.

5.4.4

Sensitive Receptors
Figure 10 indicates the location of sensitive receptors (houses etc.) identified by the
FFJV within the Nicol Creek catchment that are potentially impacted by the railway.
Sensitive receptors are considered in greater detail by the FFJV when the afflux is
greater than 10 mm for the event under consideration.
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Figure 10: Sensitive Receptors (Figure E4-E of the Technical Report)
The modelling completed by the FFJV suggests that no sensitive receptors are
affected by the 1% AEP event as stated in Section 10.5.3.2 of the Technical Report.
Table 6 lists the structure performance affected by the 1% AEP event including
climate change while Table 7 lists the sensitive receptors affected during extreme
events. No flood sensitive receptors were detrimentally affected by the climate
change scenario.

Table 6: Structure Performance – 1% AEP Event with Climate Change (Table
10.27 of Technical Report)
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Table 7: Sensitive Receptors – Extreme Events (Table 10.26 of Technical
Report)

5.4.5

Potential Change with Increase in Flow
The impacts identified within the preceding sections are all considered to be
reasonable. In the event of higher flows being adopted (refer Section 2.5.1), it will be
necessary to confirm that the use of higher flows does not produce impacts that
require mitigation.
However, it is estimated that the impacts associated with an increased flow will lie
between those presented for the 1% AEP event and the 1 in 2,000 AEP event (and
be closer to the 1% AEP event results than the 1 in 2,000 AEP event results). Given
the location of roads and sensitive receptors relative to the alignment, it is expected
that the use of a higher flow will not significantly affect the conclusions in the draft
EIS. It is also expected that while the impact adjacent to the railway will increase, it
will lie within the upper bound of the flood impact objectives.

5.5

Duration of Flooding and Time of Submergence
Table 8 presents the summary of flood impacts on private land outside the rail
disturbance footprint in the 1% AEP event on a lot basis according to the following
thresholds:
•

Peak water levels increased by greater than 10 mm

•

Peak velocities increased by greater than 0.25 m/s

•

Duration of inundation changed by more than 25% of its original duration of
inundation across the lot.
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Table 8: Summary of Flood Impacts (Table 10.23 of the Technical Report)

The report notes that the change does not affect any sensitive receptors or
infrastructure. However, it is also necessary to confirm that the change in time of
submergence will not affect the viability of any current crops. From this perspective, it
is also necessary to consider the change in time of submergence for more frequent
events as it is the more frequent events that have the potential to impact on crops or
grazing land.

5.6

Flow Velocities
The report considers the potential for scour in terms of flow velocities. Bed shear
stress and stream power, which typically informs the changes to the geomorphology
of the waterways, should also be referred to, to provide further details as to the
potential impacts of the proposed works. Velocity is the pseudo parameter generally
relied upon where these outputs have not been generated.
Where multi-span bridges provide the main conveyance of flows changes to the more
frequent events, which define the geomorphology the systems, it is likely that there
will be minimal impacts as a result. Where there are extended lengths of railway
embankment without suitable cross drainage structures, this could result in changes
to flow paths and therefore velocities and could also potentially impact on the
conveyance of flows to local farm dams/storages if not appropriately investigated.
The bridge crossing has a design flow velocity of 2.6 m/s which marginally exceeds
the adopted tolerance of 2.5 m/s and may require scour protection measures beyond
the limited works nominated in Appendix D of the Technical Report.
It would also be beneficial to know the shear stress associated with the velocity and
the change in velocity/shear stress from the current situation.
In addition, climate change and the use of increased flows (refer Section 2.5.1) will
result in higher velocities than those presented with respect to the 1% AEP event as
presented in the draft reports. It will be necessary to ensure as part of detailed design
that the potential for scour including climate change and increased flows is
addressed, with the adoption of larger drainage structures or more robust scour
protection as necessary.
Overall, while the velocities and predicted changes in velocities would appear to be
manageable, the acceptability of flow conditions will require a site by site
consideration of the velocity and associated shear stress/ stream power relative to
the soil conditions at the point the velocity occurs as part of further design.
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5.7

Extreme Events
The draft EIS and Technical Report present the results of modelling completed with
respect to events greater than the 1% AEP design event, namely the 1 in 2,000 AEP,
1 in 10,000 AEP and Probable Maximum Flood events.
For such events, flood impact objectives are not readily applicable. The focus of the
review of extreme events is to ensure that the flooding behaviour does not change
dramatically as a result of the development and result in an increased flood risk.
In this case, the results for the 1 in 2,000 AEP event are also of relevance to the
consideration of whether flood impact objectives have been achieved given the
recommended increase in flow compared to that modelled for the 1% AEP event
(refer Section 2.5.1).
The level of the embankment within the Nicol Creek catchment is a minimum of 1.7 m
above the 1% AEP flood level but generally higher. As a consequence, there is a
potential for a moderate increase in the depth of flooding for extreme events due to
the reduced ability for the embankment to be overtopped.
However, the increase in level is offset to a significant degree by the proposed
drainage structures. Based on a review of the increases in level nominated in the
report (refer Table 7) and the inundation extents indicated by the flood mapping of
the extreme events, given the extreme nature of the events being considered the
changes in level are considered to be acceptable.

5.8

Sensitivity Modelling

5.8.1

Blockage
Blockage potential of the proposed bridges and culverts has been assessed in
accordance with the ARR2016 guidelines. The guidelines recommend that the
potential for blockage needs to consider the upstream catchment’s available debris
type, dimensions, availability, transportability, structure interaction and random
chance. However, it has not been documented how the blockage percentages were
actually determined.
The assessment ultimately adopted zero blockage for the multi-span bridges
proposed and 25% for culverts with a minimum diameter/width of 0.9 m.
For these values to be correct, the debris potential would need to be “Low”. It is likely
that the catchment characteristics would result in a Low designation and therefore the
blockage values adopted are considered appropriate.
Sensitivity scenarios have also considered zero and 50% blockages which are
suitable for the assessment.

5.8.2

Climate change and Future Land Uses
Given the natural nature of the catchment, any planning changes to future land uses
is unlikely to change the impervious fraction significantly across the upstream
catchment to an extent that would result in noticeable impacts on the design event
flows.
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The impacts of climate change have been assessed in accordance with the
ARR2016 guidelines for the 1% AEP design event. The selected representative
concentration pathway of 8.5 has been adopted to the 2090 horizon.
As an RCP of 8.5 is the most conservative and ARR2016 only provides
recommendations up to 2090, the climate change assessment parameters are
considered appropriate for this assessment.
The resultant increases in flood level (up to 0.2 m) do not affect the minimum
freeboard of 300 mm required under the design criteria (refer main report).
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6

Proposed Design – Local Catchments
As noted in Section 1.1, local catchment modelling was undertaken to define the
drainage requirements for a number of local catchments. In the case of the Nicol
Creek catchment, 18 local catchments were identified (in blue on Figure 11). While
culverts are proposed to drain 17 of the local catchments, one local catchment is to
be drained beneath a bridge (Bridge 310-BR28). The drainage structures nominated
for the local catchments are listed in Table 9.

Table 9: Adopted Drainage Structures – Local Catchment

Note:
Table is reproduced from Table 2 of Appendix D3 of the FDR. Refer to Figure 11 for location of
structures.
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Figure 11: Proposed Local Drainage Structures (Maps 10 and 11 from
FFJV Chapter 8 of FDR)
The review of the proposed local drainage documented in the model was limited to a
review of the results presented in the FDR.
The local catchment drainage associated with the Nicol Creek catchment consists of
17 sets of culverts proposed to drain catchment areas of up to 212 hectares.
The flood level impacts presented in Table 3 of Appendix D3 indicate that the
proposed culverts will result in an increase in level for the 1% AEP event of 0.33 m,
0.37 m and 0.36 m for C109.43, C113.00 and C114.36 respectively, with all other
structures causing less than 0.2 m afflux.
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The table indicates that the change in time of inundation for the 1% AEP event will be
about 0.36 hours for C109.43, 1.52 hours for C120.24, 0.44 hours for C113.00 and
1.19 hours for C114.36.
Although the mapping provided in Appendix D5 indicates that the maximum increase
in level will be greater than the nominated values, the increase occurs within the
railway corridor; the quoted values reflect the increase at the rail corridor boundary
and therefore the increase that land owners will experience.
The flood level increases and changes in inundation time are considered to be both
relatively small and likely to be acceptable given the affected area.
Similarly, the flow velocity/shear stress associated with the discharge from the
culverts should be readily manageable during detailed design by the provision of
suitable scour protection measures.
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7

Conclusion

7.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Nicol Creek catchment for the Border to Gowrie section of the Inland
Rail project. The overall review also included the report (excluding models) prepared
for the local catchments within the Nicol Creek catchment.
A summary of the model review is provided in Appendix 1.
Although the following section provides an overview of the findings of the review and
recommendations with regard to required additional work, the key finding of the
review was in relation to the flow rates associated with design events. The
information presented in the reports suggests that the peak flow rates adopted for
modelling are potentially underestimated.
This is of concern for the draft EIS as the adoption of higher flows for detailed design
will result in greater impacts (in terms of level, extent and duration of submergence
and flow velocities) if the drainage structures nominated in the Technical Report were
to be retained or the need to adopt larger drainage structures to provide impacts
similar to those nominated in the Technical Report.

7.2

Advice and Recommendations
Based on the review of the Nicol Creek models, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020). A review of focus issues is provided in Table 10.

7.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
While the models have been generally developed and applied in accordance with
relevant guidelines and manuals, the review identified a number of issues in relation
to the development and application of the models that could affect the interpretation
of the Inland Rail-related flood impacts. The issues, and the proposed methods for
their resolution, are summarised in Section 7.3.

7.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate
The overall extent of the floodplain covered by the flood model is appropriate.
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7.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
The Technical Report indicates that the calibration of catchment specific hydrologic
and hydraulic models was not possible due to a lack of a stream gauge or recorded
level data for historic events. As a consequence, parameters for the hydrologic model
were drawn from the model of a larger catchment (Canning Creek) of which Nicol
Creek is part.
In the absence of calibration data, provided it can be demonstrated that the peak flows
calculated using the parameters derived for Canning Creek are reasonable, the
approach is considered to be acceptable.

7.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
Validation of the models was achieved with reference to two available regional
methods. Although the method for validation is considered to be acceptable, the
validation indicated that the hydrologic model predicts significantly lower flows than
those used by the regional methods.
Unless the method of flow derivation can be justified, it will be necessary to adjust the
model to ensure that it is appropriately validated.

7.2.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area
Subject to the potential need to adopt higher design flows, the model adequately
accounts for the impacts of the reference design at this point in the EIS process and
broadly demonstrates that the impacts are capable of appropriate local mitigation.
The consideration of events of higher magnitude than the 1% AEP event suggests
that the impacts are capable of appropriate local mitigation.

7.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project
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The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is fit for purpose for the EIS process and to
inform the reference design and the mitigation of impacts, subject to the provision of
additional documentation to the Panel, in particular with respect to design flow rates.
The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3.

7.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to the provision of additional documentation to the Panel.
The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3. It is noted that the modelling completed in relation to the reference
design will need to be modified early in the detailed design phase.

7.3

Summary of Findings
The review identified a number of areas where additional work is required, either as
part of further design or to allow the draft EIS to be revised. The items identified in
the review are summarised in Table 11.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by ARTC, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).
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•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 12 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour coding
used in the figure was applied to Table 11 to allow the relative importance of each
issue to be readily identified.

Figure 12: Flow Chart for Resolution of Identified Issues
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Table 10: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage (e.g.
reference/detailed etc.)

Yes

The model extent is appropriate.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable and
appropriate compared with typical similar linear infrastructure projects

Yes

The key design criteria are considered to be reasonable and appropriate.
Assumptions

Appropriateness of model arrangements and input parameters

AIR

Additional documentation and sensitivity modelling is required to confirm that model
arrangements and input parameters are appropriate.

Appropriateness of model calibration process

AIR

Due to the lack of calibration data, calibration of a local model was not possible.
The model validation process is generally appropriate, subject to confirmation with additional
documentation that either the catchment used to provide parameters is hydrologically similar
and that the resultant flows (which are lower than those obtained using regional methods) are
appropriate or the modification of the model to provide higher flows.

Appropriate application of input data (including addressing data gaps)

AIR

Subject to the provision of additional documentation and sensitivity modelling as required, input
data is generally appropriately applied.

Assumptions around land-use (crops etc.)

Yes

Acceptable assumptions have been made in regard to land-use (subject to sensitivity testing
identified with respect to application).

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

Yes

The application as a sensitivity only is appropriate, subject to the potential revision of design
rainfall intensities available for the area and subject to ISCA requirements.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
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Focus Issue

Satisfied?

Comment

Application
Appropriate sensitivity analysis to various items e.g. flow inputs,
coefficients

AIR

Additional sensitivity assessment is required in relation to level of vegetation and bridge loss
coefficients as part of further design.

Appropriateness of change indicators

AIR

Change indicators are generally appropriate, although a more quantitative approach to
changes in velocity and duration of inundation (for more frequent events) would be of benefit
for the interpretation of results

Appropriateness of structure and embankment representation (depending
on the stage of the design)

Yes

Structures and embankments have been appropriately represented for this stage of design,
noting the need to adopt improved representation of the bridge as part of further design.

Flood frequency analysis

N/A

No gauge upon which a flood frequency analysis could be completed.
Interpretation

Achievement of Design Criteria

Yes

The Design Criteria have been generally achieved.

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessments completed with respect to blockage and climate change are
appropriate.

Confirm Inland Rail-related flood impacts, if any, are comprehensively
quantified and interpreted to their local property context

Yes

While an impact greater than 100 mm occurs, the affected area is very limited and the impact
is only slightly in excess of 100 mm and well below the upper bound of 400 mm.

Appropriateness of the alignment, with regard the related flood impacts,
within the current EIS Study Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

Consider whether reasonable and practical steps have been taken to
mitigate flood impacts, if any, outside of the project boundary

AIR

Practical steps have been taken, subject to the consideration of the use of higher flows.

Additional information that would be required to be addressed in the
Detailed Design phase of the program

Yes

It will be necessary to complete additional sensitivity analyses and to refine the models in the
detailed design phase.

Note:

AIR stands for Additional Information Required (as summarised in Table 11) in order to confirm issue satisfied.
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Table 11: Summary of Identified Issues
Item
No.

Item/Issue

Reference
Section

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Not correctly accounting for flow
upstream and downstream of the
alignment can result in the over or
under-estimation of discharge at a
drainage structure depending on the
point of application of the inflow for a
sub-catchment.

High

Need to confirm sub-catchment
definition is appropriate for railway
alignment

High

Flows derived from model well below the
estimates derived by the RFFE model
and the QRT.

Relevance to Assessment
Extent

N1

Sub-catchment extentsdetails not provided

2.3

Need to check that suitable
application of inflows has been
undertaken with regards to
sub-catchment delineation
considering the rail alignment.

Assumptions

N2

N3

N4

Insufficient information is
provided in relation to the
Macintyre Brook FFA and
its use in the validation
process. Design flows
lower than RFFE and QRT
values.

Parameters used in URBS
model

Final loss rates not
detailed. Potential variation
in loss rates could mask
inadequacies with other
URBS parameters.

2.4.1,
2.5.1, 4

Potentially affects the
validation of the hydrologic
model and subsequent design
flows.

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

2.4.1

Potentially affects the peak
flow derived for design events

If model parameters were to be
adjusted, flows and levels for design
events would be affected.

Medium

Clarification is sought in relation to
reason for change in Alpha parameter
from previous Engeny study and
additional (Rational Method or similar)
checks on sub-catchment flow
estimates.

2.4.2

Loss rates can affect the
magnitude of flow for design
events.

The use of alternate loss rates could
affect design flows and therefore the
required size of drainage structures.

Low

Adopted loss rates are considered to be
conservative.

Application
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Item
No.

Item/Issue

N5

The adopted TUFLOW
HPC engine is not the
latest version

N6

Not all base model files
provided to verify critical
duration/temporal patterns

Level of
Importance

Reason for Adopted Level of
Importance

The change in the hydraulic model
solver could result in slightly different
peak water levels, velocities and
discharges

Low

Modelling was completed using model
version available at the time- the latest
version contains improved algorithms
with respect to timestep.

2.5.3, 3.7

Unable to verify if correct
critical durations and temporal
patterns were used for design
events.

Potential for design flows that are too
low and therefore could impact on the
required size of drainage structures.

Low

Correct critical duration and temporal
patterns likely adopted.

N7

Location of inflows applied
to the hydraulic model are
inconsistent.

3.3

Local inflows from the
hydrologic model represent
flows to the centroid of each
sub-catchment. Some inflows
are distributed along a length
of the creek reach plus
additional locations which
could duplicate routing of
flows. Other inflows are
applied at the downstream
extent of the sub-catchment
limiting full routing of flows
from the centroid.

Inconsistent application of the inflow
location will impact on the relevant
timing of the hydrographs from the
respective sub-catchments and total
inflows.

High

Approach could result in the double
routing of flow. Sensitivity assessment
required to determine whether the use of
an alternate approach would produce
different results.

N8

No losses applied to
bridge “opening”. Bridge
losses not calibrated or
verified against alternate
methods.

3.5.2

Head loss across structure
could be underestimated
resulting in lower impacts
upstream of the structure.

Larger/wider bridge structures could be
required to minimise impacts to satisfy
adopted criteria.

Low

Detailed design to include losses and to
consider alternate approaches.
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Item
No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Very High

To ensure that the level of detail in the
report is sufficient to describe the work
undertaken and adopted measures.

Interpretation

N9

Level of detail in Technical
Report

5.1

Technical Report needs to
include a significant level of
detail to describe the modelling
undertaken and results
achieved to a sufficient level of
detail.

Without additional detail, there are
uncertainties in relation to the level of
detail of the modelling and its
appropriateness.
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Appendix 1 Model Review Summary Tables
Table 12: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results
be reproduced

Yes

Not all base model files provided to
check appropriate critical
durations/temporal patterns. Those
files provided reproduced reported
results Section 2.5.3

3h

Catchment extent

Yes

Section 2.3

4h

Sub-catchment delineation

No

Section 2.3

5h

Model catchment areas

No

Section 2.3

6h

Catchment Parameters (e.g. slope,
roughness etc.)

Yes

Section 2.4

7h

Adopted Parameters - routing

Yes

Section 2.4.1

8h

Adopted Parameters - losses

Yes

Section 2.4.2

9h

Adopted Parameters - runoff coefficient

N/A

FDR notes that Rational Method
used to confirm local catchment
flows

Design Representation

1f

Gauge records available

Yes

Macintyre Brook catchment used
for area-scaled FFA. No gauge
details provided Section 2.5.1

2f

Gauge record length suitable for FFA

Yes

No gauge details provided Section
2.5.1

3f

Compare design flow estimates to FFA

Yes

Section 2.5

4f

Annual Maximum Series

No

Section 2.5

5f

Number of years input to FFA calculation

Yes

No details of FFA provided Section
2.5.1

6f

Historical events

No

Section 2.5

7f

Censoring and filters

Yes

No details of FFA provided Section
2.5.1

8f

Probability distribution

Yes

No details of FFA provided Section
2.5.1

9f

Low flow filtering

Yes

No details of FFA provided Section
2.5.1
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Item No.

Description

Checked

Additional Information

Calibration
1c

Model Calibration/Validation

Yes

Section 4

2c

Calibration data

Yes

No details of FFA provided Section
2.5.1

3c

Calibration events and magnitude

N/A

No calibration events

4c

Review rating curves

Yes

No details of FFA provided Section
2.5.1

1f

Gauge records available

Yes

Macintyre Brook catchment used
for area-scaled FFA. No gauge
details provided Section 2.5.1

2f

Gauge record length suitable for FFA

Yes

No gauge details provided Section
2.5.1

3f

Compare design flow estimates to FFA

Yes

Section 2.5

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Flow estimates maybe too
low- Section 2.5.1

2a

Use of ARR 2016/2019

Yes

Sections 2.4.3

3a

Critical duration

Yes

Query regarding critical duration
and temporal patterns adopted.
Section 2.5.3

4a

Mean temporal pattern selection

Yes

Median TP selected not mean.
Section 2.5.3

5a

IFD rainfall data

Yes

Section 2.4.3.

6a

Temporal pattern zone

Yes

Checked but not stated in text

7a

Areal varied patterns

Yes

Section 2.4.3.

8a

Areal reduction factors

Yes

Section 2.4.3

9a

Design rainfall losses - Calibration events

N/A

No calibration events

10a

Design rainfall losses - ARR data hub

Yes

Section 2.4.2

Alternative Validation Method
1am

Alternative validation method used
FFA/RFFE

Yes

Section 2.5.1

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.5.1

3am

Is the RFFE appropriate for the
catchment

NA

Comparison to FFA and other
studies considered to be more
relevant.
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Table 13: Hydraulic Model Review Summary
Item
No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can results be
reproduced

Yes

3h

Model extent

Yes

Section 3.2.3

4h

Model setup

Yes

Sections 3.3,3.4, 3.5 and 3.6

5h

Model boundaries

Yes
Control

1c

TUFLOW run log

No

2c

TUFLOW Version

Yes

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

HPC version used

5c

Materials/roughness definition

Yes

6c

TUFLOW Materials File

Yes

7c

Direct Rainfall - Losses

NA
Calibration

1c

Model Calibration/Validation

Yes

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

Events and Scenarios
Events and Scenarios

Yes

1% AEP

Yes

Climate change

Yes

Section 5.8.2

Blockage

Yes

Section 5.8.1

Extreme events

Yes

Section 5.7

Other sensitivity assessments

No

2e

Start and end times

No

3e

Initial conditions

Yes

4e

Event text

Yes

1e
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Item
No.

Description

Checked

5e

Scenarios and variables

NA

Additional Information

Boundary Conditions
1b

Inflow location

Yes

Section 3.3

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.3

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Not detailed

6b

1D connections

Yes

Not detailed

7b

Channel connections

NA

8b

Active cells

NA
Geometry

1g

Cell orientation

Yes

2g

2D active cells

Yes

3g

Model extent

Yes

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

No change from existing

6g

Elevation raster check

Yes

7g

Bridge representation

Yes

8g

Breaklines

Yes

9g

Topographic modifications

Yes

Section 3.5

Rail Design DEM

1D Network – Existing
1e

1D input check

Yes

2e

Cover check

No

3e

1D continuity

Yes

4e

1D locations & sizing

Yes

5e

1D losses

Yes

6e

1D blockage

Yes

7e

1D connection type

Yes

8e

1d connection grid cell check

Yes

9e

1d network invert levels & outlet check

Yes

Spot checks. Implied not detailed
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Item
No.

Description

Checked

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA

Additional Information

Design Representation
1d

1D locations & sizing

Yes

2d

1D input check

Yes

3d

Cover check

Yes

4d

1D continuity

Yes

5d

1D blockage

Yes

6d

1D connection type

Yes

7d

1d connection grid cell check

Yes

8d

1d network invert levels & outlet

Yes

9d

Bridge representation

Yes

Section 3.5

10d

Topographic modifications

Yes

Not detailed

11d

Design criteria flood level impacts

Yes

Not detailed that they match the
report

12d

Design criteria duration of flooding impacts

No

13d

Design criteria hazard category impacts

Yes

Not detailed

14d

Design criteria velocity and flow direction
impacts

Yes

Not detailed

Not detailed

Results
1r

Can results be replicated

Yes

3r

Review negative depths

Yes

4r

Review timestep outputs for HPC

No

5r

Check raster outputs for irregularities

Yes

6r

Check .csv outputs for culverts

Yes
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Back Creek by the Future Freight Joint Venture (FFJV) in support of the draft
Environmental Impact Statement (EIS) and Feasibility Design Report (FDR) for the
Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 7.3. A
summary of the model review items can be found in Appendix 1.
The following reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the catchment of Back Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Toowoomba Regional Council local government
area.
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Figure 1: Back Creek Catchment Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.
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1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed two relevant previous
studies that were coincident with the Back Creek study area:
•

Work Package 3 – Historical Study for Millmerran – Final Report. (WRM Water &
Environment, 2014)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The historical study for Millmerran assessed the December 2010 flood event in and
around the township of Millmerran. The model adopted steady-state flows and was
developed using MIKE FLOOD.

1.5

Scope of the Review
This review assessed only the regional flooding models of the Back Creek section of
B2G between Ch 125.40 km and Ch 129.70 km. Specifically, the Back Creek URBS
models and the Back Creek TUFLOW model.
There are two local catchment TUFLOW models between Ch 125.40 km and Ch
129.70 km, which are described in the drainage section of the FDR (Future Freight
Joint Venture, January 2020).
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2

Hydrologic Model Review

2.1

Overview
Hydrologic modelling to assess the regional flooding was undertaken using the URBS
hydrologic package. URBS is a rainfall runoff routing model for flood forecasting and
design. It has been under development for the past 15 years and is one of the
preferred software packages for operational flood forecasting throughout Australasia.
URBS was recently revised to improve the integration of the latest methodology
detailed in ARR2016 and ARR2019. URBS is considered to be a suitable tool for
assessing the hydrologic processes across the wider catchment that enables
calibration to historical events and ultimately to produce appropriate design
hydrographs as inflows to the hydraulic model.
A new URBS model was used for the assessment of Back Creek as the larger Upper
Condamine River hydrologic model reflects large-scale regional characteristics of
longer duration events which potentially underestimate the flows for local events.
The local drainage catchment flows for the minor catchments were generated in
accordance with ARR2016 using ILSAX within the 12D Drainage Network Editor. 12D
Drainage is generally considered to be a suitable tool for local drainage analysis.

2.2

Calibration Data
There are no available stream gauges located within the 103 km2 Back Creek
catchment suitable for use in calibration. For the modelling completed by FFJV,
recourse was made to validation against an area-scaled FFA of an analogous
catchment.
In the case of Back Creek, Canal Creek was adopted as an analogous catchment.
Canal Creek is, like Back Creek, a tributary of the Condamine River catchment and is
located to the east of the Back Creek catchment. The catchment area of Canal Creek
is 395 km2 (i.e. about four times the size of the Back Creek catchment) and its outlet
is 35 km from the outlet of Back Creek. No further details were provided regarding
the similarities between the two catchments to justify the use of parameters from the
Canal Creek catchment (i.e. shape, slope etc.).
The Quantile Regression Technique (QRT) and the Regional Flood Frequency
Estimation (RFFE) model from ARR2019 were also used for the validation of the
hydrologic model. These alternate methods are recommended within the latest
ARR2019 guidelines and are considered suitable for use in ungauged rural
catchments.

2.3

Catchment Delineation
Figure 1 shows an overview of the Back Creek catchment including the proposed rail
embankment alignment (shown in green).
The sub-catchment delineation adopted for the Back Creek catchment assessment
was derived from the underlying LiDAR topography which in this case was the 2015
ARTC LiDAR 1 m.
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No refinement of the sub-catchment extents was undertaken considering the location
of the rail alignment. The same sub-catchments were used for the consideration of
existing and developed conditions.
Figure 2 presents the sub-catchments adopted for the model relative to the location
of the railway alignment together with the inflow polygons used for the hydraulic
model.

Figure 2: Sub-catchment delineation
While the catchment delineation is generally acceptable it is not tailored to the
alignment of the railway.
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•

Sub-catchment 9
The alignment crosses sub-catchment 9 in the lower third of its area. While the
inflows attributed to this sub-catchment have been split into two locations
upstream and downstream of the alignment, the proportion of the total flow is
dependent on the respective inflow polygon areas. No detail has been provided
as to how this ratio was calculated.
For detailed design, it is considered necessary to provide further justification of
the flow split or alternatively revise the sub-catchment delineation accordingly to
provide reasonable runoff hydrographs for use in the hydraulic model.

•

Sub-catchment 15
The alignment crosses the upper part of sub-catchment 15. While the additional
flow associated with runoff from the area upstream of the alignment will be
relatively small compared to that of the remainder of the catchment draining to
the corridor, the flow to be conveyed via the nominated drainage structures may
be greater than that considered in the model.
For detailed design, it will be necessary to adopt revised catchment boundaries in
order that all the runoff from areas upstream of the alignment is accounted for.

•

Sub-catchment 10/0 Mine Site
Sub-catchment 10 has been assumed to drain to the open cut mining site to the
east. As no flows from either sub-catchment 10 or 0 (the Mine Site) have been
applied as inflows to the hydraulic model, further detail is required as justification
for this exclusion (for example the volume of storage in the quarry compared to
the runoff volume).
If the exclusion of the mine and adjacent catchment cannot be fully justified, then
the model will need to be revised and potentially sensitivity analyses completed.

For detailed design, it will be necessary to either adopt an increased number of subcatchments to reflect conditions in the vicinity of the railway or refinement of the
existing sub-catchment delineation.
The application of inflows from the sub-catchments to the hydraulic model is
furthered discussed in Section 3.3.

2.4

Model Data

2.4.1

URBS Parameters
URBS relies on a number of key parameters to represent runoff and storage within
each sub-catchment. For the Back Creek catchment, the URBS model was setup
with the following parameters:
•

Basic Model (Routing variables are catchment area and stream lengths)

•

Alpha 1.2;

•

m 0.8 (non-linear catchment routing – standard value);

•

n 1.0 (non-linear channel routing).

These values are considered within the reasonable range expected of each
parameter for the URBS “Basic” model setup.
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2.4.2

Loss Rates
Table 9.2 of the Technical Report states that the losses were initially adopted from
the ARR Data Hub (Initial loss – 35 mm, Continuing loss – 0.7 mm/h) and
adjustments were made to reconcile URBS flows to an area-scaled FFA. The report
however does not state what the final losses adopted were. A review of the supplied
model files indicate that the design runs adopted an initial loss of 0 mm and a
continuing loss of 0.05 mm/hr for the 1% AEP design event which takes into account
pre-burst depths removed from the initial loss.
The adopted Continuing Loss values are relatively low compared to the
recommended values from the ARR data hub and while conservative, could mask
inadequacies with the other URBS parameters.
The Technical Report does not detail the coordinates that were used to extract the
data and it is noted that storm losses generated by the Hub tool can be sensitive to
the location nominated.
It is recommended that further detail be provided with respect to the sensitivity of the
model to adopted losses.

2.4.3

Rainfall Data and Focal Point
The design flood events were assessed using design rainfall intensity frequency
duration (IFD) data and temporal patterns in accordance with the latest ARR2016
methodology.
IFDs were extracted based on the centroid of each sub-catchment and a focal point
was used to extract appropriate Areal Reduction Factors (ARFs) to be applied to the
point of interest. As the catchment area increases, the ARF decreases to reflect the
greater variation in rainfall as catchment area increases.
The resultant rainfall applied across the catchment assessed can therefore vary
considerably as a result of where the focal point is taken and the total catchment area
contributing to this point. The assessment for the Back Creek section of the
alignment adopted the outlet of the hydrologic model as the focal point for
determining the design event rainfall and flows applied to the catchment.
While Table 9.2 of the Technical Report suggests that an ARF of between 95% and
96.6% was used depending on the event and storm duration being considered, the
supplied hydrologic files indicate the use of lower values for certain durations.
Clarification is required in relation to the ARF values adopted for the assessment and
whether the Technical Report only refers to the critical storm durations (i.e. the storm
durations producing peak conditions in the catchment).
As the flow predicted by the URBS model is lower than flow estimates produced by
the use of other methods (refer Section 2.5.1) and the assessment considers
crossings for which the contributing catchment area is less than the full Back Creek
catchment, it is recommended that consideration be given to the use of a value of
unity for ARF.
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2.5

Design Discharges

2.5.1

Flow Rates
As previously noted, the Back Creek catchment is ungauged and validation of the
URBS hydrologic model was undertaken by comparing design flows to the following
methods:
•

An area-scaled FFA of an analogous catchment being Canal Creek;

•

Quantile Regression Technique; and

•

ARR’s Regional Flood Frequency Estimation model.

The estimated flow comparisons for the Back Creek hydrologic model are shown in
Figure 3 and Table 1.

Figure 3: Validation of Back Creek Flows to Alternate Methods (Figure 59 from
Technical Report)
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Table 1: Estimate of Flows at the Outlet of the URBS Back Creek Hydrologic
Model (Table 9.3 of Technical Report)

The Technical Report does not nominate the peak flows derived using the areascaled FFA approach. Based on Figure 59 of the Technical Report ( above), for
major flood events in particular the area-scaled FFA suggests a higher flow than that
calculated using URBS. As the hydrologic modelling relies on the area-scaled FFA,
the values derived from scaling should be nominated in the report.
The Technical Report notes the flow estimates adopted were within 90% confidence
limit derived from the RFFE analysis and “show a fair match” with the QRT.
Acknowledging that the potential variation in flow associated with the RFFE results is
large, the use of flow rates that are approximately 50% lower than the RFFE estimate
and also lower than the QRT estimate and the area-scaled FFA estimate is likely to
be unconservative.
It is necessary to either adjust the model to provide flows that more closely align with
other flow estimates or to fully justify the parameters adopted from the nearby
catchment.
This is of concern as the adoption of higher flows for detailed design will result in
greater impacts (in terms of level, extent and duration of submergence and flow
velocities) if the drainage structures nominated in the Technical Report were to be
retained or result in the need to adopt larger drainage structures to provide impacts
similar to those nominated in the Technical Report.
It is recommended that flows that at least match those obtained from the QRT
analysis be adopted together with validation of sub-catchment flows to the Rational
Method.

2.5.2

Temporal Patterns
The temporal patterns recommended for use in ARR2016/ ARR2019 vary according
to the catchment area being considered. Point temporal patterns are defined for
catchments less than 75 km2 in area, with areal temporal patterns for durations
greater than 12 hours provided for a range of catchment areas including 100 km2 and
200 km2.
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The catchment area draining to the main crossing of the railway is of the order of
95 km2. The total catchment area to the outlet of the modelled catchment is 106 km2.
Based on a review of the supplied hydrologic model, a single set of temporal patterns
(the set for patterns for an area of 100 km2) were adopted for durations over 12 hours
for the investigation which is appropriate. In any case, only the 10% and 20% AEP
events had a critical duration longer than 12 hours.

2.5.3

Derivation of Design Storms
Section 9.2.2 of the Technical Report details the methodology associated with the
derivation of design storms. The modelling included modelling the ten temporal
patterns associated with each duration between 30 minutes and 144 hours for the full
range of events considered.
Based on the median flow obtained for each duration, the critical storm duration at
“Key Locations” (these locations were un-defined within the report but assumed to be
at the crossing location) was determined for the range of AEP events (Table 9.5 of
the Technical Report). This approach is considered to be reasonable with respect to
the main crossings.
However, not all base model files were provided for review to be able to verify the
critical duration. Further detail is recommended as part of the detailed design to
enable verification to be undertaken i.e. in the form of box plots.
It is also noted that the hydrologic model of the Back Creek catchment produces
higher flood estimates and a different flood hydrograph shape to the hydrologic
model of the same catchment in the Condamine River model.
Although this is potentially conservative with respect to Back Creek and that Back
Creek comprises a very small proportion of the overall Condamine River catchment,
a sensitivity assessment of the potential impact of the use of alternate inflows would
allow the likely change in conditions to be quantified.
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3

Hydraulic Model Review

3.1

Overview
Hydraulic modelling to assess regional flooding in Back Creek was undertaken using
the 1D/2D (one-dimensional/ two-dimensional) hydrodynamic modelling package
TUFLOW incorporating the Heavily Parallelised Compute (HPC) solver (version
2017-09-AC-iSP-w64). The 2D solver is an explicit solution of the full 2D Shallow
Water Equations, including sub-grid scale eddy viscosity.
The scheme is volume and momentum conserving, is second order spatially and
fourth order in time. The 2D solver is dynamically linked with TUFLOW’s 1D solver
ESTRY which provides full 1D pit, pipe, culvert and open channel functionality.
TUFLOW HPC is widely used across in Australia and Internationally and is
considered to be an appropriate tool for assessing the two-dimensional flows
experienced across the wider regional catchment and the potential impacts
associated with proposed rail alignment. Further discussion with respect to the
suitability of the model setup is detailed in subsequent sections below.
Assessment of local drainage provisions for Minor Catchments (considered to be
<10 km2), was undertaken using the 12D Drainage functions (Network Editor and
Dynamic Culvert), with subsequent TUFLOW modelling to determine flood level
impacts (Section 8.3.2 of the FDR). The 12D Dynamic Culvert model, is a 1D model
based on the St Venant equations. 12D Drainage is generally considered to be a
suitable tool for assessing less complex flow patterns where there is limited
interaction between neighboring catchments.
Further discussion with respect to the interaction between the regional and local
models is detailed in subsequent sections below.
The following sections are primarily focused on the regional Back Creek flooding,
with Section 3.8 presenting a review of the local catchment hydraulic modelling
described in the FDR.

3.2

Topography and Model Extent

3.2.1

Source of Ground Level Data
LiDAR data from 2015 was provided by ARTC for the area of disturbance footprint.
Figure 4 presents the modelled topography used in the hydraulic model.
The mine site within the catchment is constantly changing and expanding however,
the model extents preclude most of the operations with the assumption that all flows
within the mine and upstream catchments are contained within the site (refer Section
2.3). The mine earthworks include bunding that restricts flood waters from
overtopping into the site and is generally outside the flood extents for all events
except the PMF as shown in Figure 5.
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Figure 4: Modelled Topography
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Figure 5: Existing PMF Peak Water Levels (Figure D2-H of Technical
Report)

3.2.2

Grid Size
The TUFLOW hydraulic model used a 5 m grid to define the topography across the
modelled area. A more refined model using smaller grid sizes would provide greater
accuracy in the smaller flood events for those areas with smaller local drainage
paths. Similarly, the use of “gully lines” to define the low points along the creek could
provide a more accurate representation of the main flowpaths.
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A check using a refined 2 m grid resulted in minimal change to the peak flood levels
across the model extents. The 5 m grid is therefore considered suitably refined for
the majority of flood events considered critical for this assessment.

3.2.3

Extent of Model
The hydraulic model extents cover the area of interest, extending approximately 2 km
downstream of the alignment. The downstream boundary of the hydraulic model
assumes a normal depth boundary based on an assumed water surface slope of
0.005. Sensitivity testing undertaken as part of this review confirmed that the
boundary is far enough downstream of the area of interest as to not impact on the
assessment of conditions at the alignment.

3.3

Boundary Conditions and Inflows to Model
Inflows to the TUFLOW model have been applied as SA polygons with the use of the
“All” option which distributes the flow equally to all cells within the polygon. The
hydrographs from the hydrologic model used as input to the TUFLOW model are
those routed to the sub-catchment’s downstream outlet.
For the upstream boundaries of the model, the total catchment flows are applied at
the downstream extent of the catchment boundary as effectively “point” inflows as
shown in Figure 2 for 06T, 07L and 08L. Inflows from sub-catchment 13 are also
applied at the upstream extent of the hydraulic model, however they are applied at
the centroid of the sub-catchment.
Local inflows for sub-catchments covered by the model extents are also applied with
polygons that in the cases of sub-catchments 11, 12 and 15 extend along the full
creek reach encompassed by each sub-catchment (refer Figure 2 and Section 2.3).
Effectively this would duplicate routing already assessed within the hydrologic model
and needs to be corrected.
As discussed in Section 2.3 with respect to sub-catchment 9, the total inflow is
applied across two polygons of different areas on either side of the rail alignment. As
the flows are distributed based on the ratio of the polygon areas, further detail is
required as to how the sub-catchment flows have been suitably allocated.
The inconsistent application of inflows to the model will impact on the timing and
routing of flows through the system and ultimately the peak flow reaching the rail
alignment crossing. It is recommended that during detailed design, a consistent
approach be adopted that does not duplicate catchment routing between the
hydrologic and hydraulic models.
Inflows from sub-catchments 10 and 0 (Mine Site) are not applied to the hydraulic
model and assumed to be contained within the mine extents as part of their water
management plan. Further details are required with respect to the mine operations
and the potential for additional flows to enter the system upon decommissioning of
the mine in future. A sensitivity scenario whereby inflows from the mine are included
in the hydraulic model would provide further confidence relating to the potential
impact of the rail line on affected properties, particularly if the potential exists at some
point in the future for flow to drain from the mine site.
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3.4

Roughness Coefficients
Roughness coefficients applied across the area of interest were based on current
aerial imagery. The adopted Manning’s n values are considered to be within typical
ranges for each land use/vegetation type. While the coefficients adopted for
Moderate/Heavy Vegetation (n=0.055/0.065) are lower than typically applied, a
review of the vegetation density across the catchment based on available imagery
indicates that areas outside of crops generally consist of well-spaced native trees
with little dense understory noticeable as shown in Figure 6.

Figure 6: Typical Moderate/Heavy Vegetation
The majority of the floodplain is assigned with the Manning’s n=0.045 (Minimum
Vegetation) and a default for crops of n=0.1085 (it assumed that such a precise value
is a result of the calibration process for the wider Condamine River catchment flood
model) (refer Figure 7).

Figure 7: Hydraulic Model Roughness
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Although the adopted values appear to be reasonable, a sensitivity assessment
should be completed to determine the potential variation in level associated with
changes in roughness.
In particular, fallow or mature crops will have different roughness coefficients. While
assuming mature crops with a higher roughness coefficient is generally considered to
result in higher flood levels, fallow or freshly harvested crops with lower roughness
can alter the timing of flow hydrographs resulting in changes to coincident flooding
from contributing catchments. While the Materials file that defines the roughness
coefficients does include additional vegetation options relating to Crops i.e. Barley –
mature - Against Flow n=0.1105 etc, they do not appear to have been used for the
Back Creek assessment.
It is typical to model a low roughness scenario as a sensitivity case to ensure that
unforeseen impacts associated with the proposed rail works are not overlooked. This
scenario is considered to be required as part of the sensitivity component of the
assessment.

3.5

Modelling of Railway and Structures

3.5.1

Rail Alignment
The rail embankment is appropriately modelled using a design DEM of the alignment
across the creek. The alignment levels in the flooded extents range from
approximately 409 mAHD to 421 mAHD. Abutments for the two bridge openings were
also modelled using shape files. This is an acceptable approach.

3.5.2

Structures
Figure 8 shows the drainage structures adopted for the embankment within the extent
of the Back Creek catchment. With reference to the figure, the drainage proposed
with respect to regional flooding includes two bridges and two culvert banks (shown
in aqua in Figure 8) on the main alignment. The proposed drainage structures are
listed in Table 2 (bridges) and Table 3 (pipes).
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Figure 8: Downstream end of the Back Creek Catchment (Figure D1-C from
Technical Report)
Table 2: Adopted Bridge Drainage Structures – Regional

Note:

Table is reproduced from Table 12.82 of Chapter 12 of the draft EIS. Refer to Figure 8 for location
of structures

Table 3: Adopted Pipe Drainage Structures – Regional

Note:

Table is reproduced from Table 12.83 of Chapter 12 of the draft EIS. Refer to Figure 8 for location
of structures. (Note subsequently modelled as 12x 900 mm diameter pipes as noted in Table 9.7 of
the Technical Report and Table 3 of Appendix D3 of the FDR)
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Culverts have been represented within the hydraulic model as 1D_nwk elements.
Standard Entry and Exit Losses of 0.5 and 1.0 respectively were applied to each
culvert together with standard height and width contraction coefficients. A 25%
blockage factor was applied for proposed culverts and existing culverts. This should
result in a conservative design by providing additional conveyance area.
The culvert details reproduced from the Technical Report below (refer Table 4) differ
from those included in the draft EIS. While the modelled culverts are two banks of 12
x 900 mm diameter pipes, the invert levels are higher at generally 412 mAHD.
It will be necessary to confirm the actual culverts proposed at the detailed design
phase.

Table 4: Technical Report Structure Details

Bridge structures were modelled only as an opening in the rail embankment with no
additional blockages or energy losses considered with respect to the bridge piers that
will be required for spans of 167 m and 230 m, nor the bridge deck which will
potentially be reached by flood waters for larger flood events. It is noted that the
nominated deck levels for the bridge structures appear to be estimates at the middle
of the span and will vary in height at the abutments to be consistent with the rail
embankment DEM.
When representing bridges within TUFLOW, it is typical to use the Layered Flow
Constriction Shape approach recommended by TUFLOW whereby Form Loss
Coefficients and percent blockage are applied typically over three layers being under
the bridge (pier losses), the bridge deck (100% blocked) and bridge railings/barriers
(typically over a depth of 1 to 1.2 m). A fourth layer is assumed unimpeded to
account for flow over the bridge.
Given the significant size of the structures, it is expected that bridge losses will be
relatively minor. It is recommended that bridge losses be considered as part of further
design to ensure that the flood impacts associated with bridges can be appropriately
considered.

3.6

Model Stability
The model was found to be generally stable.
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3.7

Design Event Modelling
Section 9.4.1 of the Technical Report describes the process used to define the critical
duration for the design events based on the hydrologic modelling. The critical
duration was that which produced the highest median flow of the ten temporal
patterns for each event and duration. Although not stated, it is assumed that the
Rank 6 temporal pattern was selected as the median and it was this design event
that was utilised in the hydraulic modelling. It is also assumed that the same critical
duration and temporal pattern was applicable at the rail alignment and the outlet of
the model. This needs to be clarified and confirmed during detailed design.
It is noted that the adoption of the critical duration and temporal pattern based on
hydrologic modelling alone may result in an erroneous selection if there is
appreciable floodplain storage or detention mechanisms within the catchment that
would not be readily represented within an uncalibrated hydrologic model. It is
recommended, if not already completed but undocumented, that the critical duration
and temporal pattern be confirmed using the hydraulic model which would better
represent the catchment characteristics and the retention aspects attributable to the
rail embankment.

3.8

Local Catchment Modelling
The approach adopted with respect to the modelling of local catchments (refer
Section 3.1) would appear to be reasonable.
In the case of the Back Creek catchment, twenty local catchments were identified
with the largest being approximately 662 ha.
For such areas, the methodology is considered to be acceptable.
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4

Calibration

4.1

Overview
The Back Creek catchment is ungauged and therefore recourse was made to
alternative validation methods for hydrologic modelling. In the absence of data to
calibrate the Back Creek catchment, the Canal Creek catchment was used to
generate an area-scaled FFA of an analogous catchment.
In addition, DTMR’s Quantile Regression Technique and the Regional Flood
Frequency Estimation method were used for further comparison.
No calibration of the hydraulic model was undertaken with roughness coefficients
based on typical values for the respective land uses and vegetation density.

4.2

Data Available and Used in Validation

4.2.1

Stream Gauges and Area-Scaled FFA
There were no stream gauges within the Back Creek catchment available. The
Technical Report presents the results for an area-scaled FFA completed with respect
to Canal Creek. However, no details have been provided with respect to the Canal
Creek gauge used for the scaled FFA. Further detail with respect to the Canal Creek
FFA is requested to justify its applicability to the Back Creek catchment.

4.2.2

Recorded Flood Levels
It is understood that flood level data may be available within the Back Creek
catchment for the 2010 or 2011 events. Clarification is sought in relation to the extent
of information available and its reliability. If a reasonable data set exists, then the
performance of the models for at least one historic event could be assessed.

4.2.3

Quantile Regression Technique
The Quantile Regression Technique is developed for Queensland by Weeks et al. It
is understood that this technique has been superseded by the RFFE Model
recommended in the ARR2016 as the best practice tool for ungauged rural
catchments in Queensland.

4.2.4

Regional Flood Frequency Estimation (RFFE) Model
The RFFE model was developed for ARR2016 to provide a tool for ungauged
catchments ranging in area from 10 km2 to 1000 km2. ARR2016 provides practical
considerations for application of the RFFE with the aspects potentially relevant to the
Back Creek catchment including containing dams and other artificial storage, affected
by mining and intensive agricultural activity. Generally, the RFFE model is expected
to overestimate the flows from those catchments affected by the above
characteristics.
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ARR2016 also states the following with respect to accuracy of the method:
“it may be stated that the relative accuracy of regional flood estimates using the
RFFE model presented in this chapter is likely to be within ±50% of the true value;
however, in a limited number of cases the estimation error may exceed the
estimation by a factor of two or more”.

4.3

Acceptability of Validation
As the peak flow derived from the hydrologic model is well below that derived from
either the QRT or the RFFE Model, it is considered that the hydrologic model is yet to
be appropriately validated.
It is considered that the parameters adopted for the model need to be adjusted to
provide a peak flow that is commensurate with that obtained using other methods or
a more thorough justification of the appropriateness of the area-scaled FFA from the
Canal Creek catchment be provided.
In addition, a check of sub-catchment flows to an empirical method such as the
Rational Method would be of benefit.

4.4

Local Catchment
Verification of flows was undertaken by comparison to the Rational Method. Given
the size of the local catchments, this approach is appropriate.
Section 8.2.3.2 of the FDR notes that the agreement to the Rational Method was
within a tolerance of -8 to 15 percent, which is considered to be acceptable.
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5

Proposed Design – Regional Modelling

5.1

General
The proposed design and its impacts are discussed in Section 12.9.2 of the draft EIS
and Section 9.5 of the Technical Report. It is considered that additional information is
required within the Technical Report to address a number of queries raised in the
review.

5.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a minor variance in the simulation timestep for at least one
event (as shown in Figure 9). It is expected that this can be attributed to the version
of the software available when modelling commenced (2017-09-AC-iSP-w64).
Limited testing undertaken by the Panel using the latest version of TUFLOW (202010-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to the timestep. Subsequently, the Panel recommends that the latest version
of TUFLOW be adopted for future project stages.

Figure 9: Design Case 1% AEP 9hr Temporal Pattern 08 HPC Timestep

5.3

Embankment Height
The majority of the embankment has been set well above the calculated 1% AEP
flood level to satisfy vertical alignment requirements. The embankment has a
freeboard in excess of 0.8 m (Section 9.5.2.1 of the Technical Report).
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In comparison, as listed in the main report the design criteria for the embankment is
to achieve 300 mm freeboard with respect to the 1% AEP event. The design
consequently has the capacity to include a reasonable increase in peak flow (as
recommended in Section 2.5) without raising the level of the embankment.

5.4

Flood Level Impacts and Sensitive Receptors

5.4.1

Flood Level Impacts
Table 5 lists the locations where the calculated increases in flood level exceed the
nominated flood impact objectives (refer main report).

Table 5: Flood Level Impacts (Table 12.84 from draft EIS)

The draft EIS and Technical Report provide limited explanation and no detailed
justification for the acceptability of the increase in level. As the impact would appear
to affect a relatively limited rural area and not affect sensitive receptors (refer below),
the increase is potentially reasonable. However, it is necessary to provide further
justification in relation to the selection of drainage structures and the acceptability of
the associated increase in level.

5.4.2

Millmerran-Inglewood Road
Section 12.9.2.4 of the draft EIS indicates that Millmerran-Inglewood Road has a
relatively low immunity, being inundated to a depth of 110 mm for the 10% AEP event
and to a depth of 240 mm for the 1% AEP event. Under all events, the rail line will
cause minor changes in water levels near Millmerran-Inglewood Road.
Table 9.19 of the Technical Report notes that the afflux along Millmerran-Inglewood
Road will be about 10 mm. Table 9.16 of the Technical Report also notes that in the
1% AEP event Millmerran-Inglewood Road will be inundated by up to 240 mm.
As the change in level is minimal and the road remains trafficable, the change in level
for the 20% AEP event and greater is considered to be acceptable. However,
although the road remains trafficable, the overall immunity of the road (i.e. the point
at which it is first overtopped) needs to be considered to confirm that the overall
immunity of the road is not significantly affected.
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5.4.3

Local Public Roads
Section 9.5.3.4 of the Technical Report details the impacts of the rail line on local
public roads within the model domain. Local public roads experiencing an increase in
flood hazard and/or peak flood levels in the 1% AEP event are detailed in Table 6.

Table 6: Flood Level and Hazard Impacts (Table 9.21 from Technical Report)

Although there is no change in maximum flood depth for Schwartens Road, further
detail is required to confirm if this road is inundated to non-trafficable depths earlier
than the existing case. The unnamed Road will still be trafficable with respect to
depths being less than 300 mm. Further, the results presented in Table 9.21 of the
Technical Report suggest a reduction in flood hazard despite an increase in water
level. Although the Technical Report indicates that this is due to the change in peak
level occurring at a different location to peak depth, it is requested that the outcome
nominated in the table be confirmed.

5.4.4

Sensitive Receptors
Figure 10 indicates the location of sensitive receptors (houses etc.) identified in the
Technical Report within the Back Creek catchment that are potentially impacted by
the railway. Sensitive receptors are considered in greater detail in the draft EIS when
the afflux is greater than 10 mm for the event under consideration.
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Figure 10: Sensitive Receptors (Figure 12.17e of draft EIS and Figure D4-E of
the Technical Report)
The modelling completed by the FFJV suggests that no sensitive receptors are
affected by the 1% AEP event as stated in Section 9.5.3.2 of the Technical Report.
Table 7 lists the sensitive receptors affected by the 1% AEP event including climate
change while Table 8 lists the sensitive receptors affected during extreme events.
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Table 7: Sensitive Receptors – 1% AEP Event with Climate Change (Table 9.29
of Technical Report same as Table 12.87 of draft EIS)

Table 8: Sensitive Receptors – Extreme Events (Table 9.27 of Technical Report
same as Table 12.85 of draft EIS)

The tables do not list the relevant floor level (or at least ground level if no survey data
is available) at each receptor. This makes the assessment of any increase in level
difficult as the proximity of flood waters to the floor of a structure and the depth of
water over the floor are key criteria for the consideration of impacts. It is
recommended that floor/ground level information be collected as part of further
design to confirm that the change in flood level at each receptor is acceptable.
With an increase in design flow (refer Section 2.5.1), the flood levels and impacts at a
number of sensitive receptors could be increased from those nominated in the tables.
It is estimated that the impacts associated with an increased flow will lie between
those presented for the 1% AEP event and the 1 in 2,000 AEP events.
It is recommended that sensitivity testing be undertaken to confirm whether the
nominated drainage structures are sufficient to minimise impacts given the flood
impact objectives (refer main report) based on increased flows (refer Section 2.5.1).
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5.5

Duration of Flooding and Time of Submergence

5.5.1

General Flooding
Table 9 presents the summary of flood impacts on private land outside the rail
disturbance footprint in the 1% AEP event on a lot basis according to the following
thresholds:
•

Peak water levels increased by greater than 10 mm

•

Peak velocities increased by greater than 0.25 m/s

•

Duration of inundation changed by more than 25% of its original duration of
inundation across the lot.

Table 9: Summary of Flood Impacts (Table 9.23 of the Technical Report)

The report notes that the change does not affect any sensitive receptors or
infrastructure. However, it is also necessary to confirm that the change in time of
submergence will not affect the viability of any current crops. From this perspective, it
is also necessary to consider the change in time of submergence for more frequent
events as it is the more frequent events that have the potential to impact on crops or
grazing land.

5.5.2

Inundation of Millmerran-Inglewood Road and Local Public
Roads
Table 10 presents the calculated increase in the time of submergence for MillmerranInglewood Road in the 1% AEP event.
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Table 10: Change in Time of Submergence for Millmerran-Inglewood Road
(Table 9.20 of the Technical Report)

Table 11 presents the calculated increase in the time of submergence for local public
roads in the 1% AEP event.

Table 11: Change in Time of Submergence for Local Public Roads (Table 9.22
of the Technical Report)

Although the change in depth at the road is minimal (refer Section 5.3.2 and Section
5.3.3), the time of submergence is predicted to significantly increase for more
frequent events, suggesting that the overall immunity of local roads is reduced.
Given that the change in time of submergence is a reasonable proportion of the
existing time of submergence, additional justification is sought that the change will
not significantly affect the movement of people in the period prior to road inundation
commencing.

5.6

Flow Velocities
The report considers the potential for scour in terms of flow velocities. Bed shear
stress and stream power, which typically informs the changes to the geomorphology
of the waterways, should also be referred to, to provide further details as to the
potential impacts of the proposed works. Velocity is the pseudo parameter generally
relied upon where these outputs have not been generated.
Where multi-span bridges provide the main conveyance of flows changes to the more
frequent events, which define the geomorphology of the systems, it is likely that there
will be minimal impacts as a result. Where there are extended lengths of railway
embankment without suitable cross drainage structures, this could result in changes
to flow paths and therefore velocities and could also potentially impact on the
conveyance of flows to local farm dams/storages if not appropriately investigated..
One of the bridge crossings has a design flow velocity of 3.0 m/s which exceeds the
adopted tolerance of 2.5 m/s and will require scour protection measures.
The other bridge crossing has a design flow velocity of 2.2 m/s. While this is lower
than the adopted tolerance of 2.5 m/s, it would be beneficial to know the shear stress
associated with the velocity and the change in velocity/shear stress from the current
situation.
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In addition to the increase in flow velocity at bridge sites, the increase in velocity at
points is significant outside the railway corridor. This could give rise to increased
scour in these areas. Figure 11 presents an excerpt from Figure 12.21f of Chapter 12
of the draft EIS which shows the change in velocity for the 1% AEP event

Figure 11: Change in Peak Velocities, 1% AEP Event (Figure 12.21f of
draft EIS)
The increase in flow velocity could be attributable to the concentration of flow to the
east; the change in peak water level maps (for example Figure 12.21b of Chapter 12
of the draft EIS) indicate that the proposed drainage structures reduce flood levels
and the extent of inundation to the west of proposed bridge 310-BR38 by directing a
greater amount of water to the eastern side of the Back Creek flow path.
Figure 12 presents an excerpt from Figure 12.21b of Chapter 12 of the draft EIS
which shows the area that will become free from inundation for the 1% AEP event as
a result of the concentration of flow to the east.

March 17, 2021 | 30

Appendix J: Back Creek Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Figure 12: Change in Peak Water Levels, 1% AEP Event (Figure
12.21b of draft EIS)
It is expected that an alternate (potentially larger) bridge structure would minimise
this concentration and thereby minimise the increase in velocity external to the
railway corridor. Additional justification is requested in relation to the proposed
concentration of flow and associated increase in velocity.
Further, climate change and the use of increased flows (refer Section 2.5.1) will result
in higher velocities than those presented with respect to the 1% AEP event as
presented in the draft reports. It will be necessary to ensure as part of detailed design
that the potential for scour including climate change and increased flows is
addressed, with the adoption of larger drainage structures or more robust scour
protection as necessary.
Overall, while the velocities and predicted changes in velocities would appear to be
manageable, the acceptability of flow conditions will require a site by site
consideration of the velocity and associated shear stress/ stream power relative to
the soil conditions at the point the velocity occurs as part of further design.

5.7

Extreme Events
The draft EIS and Technical Report present the results of modelling completed with
respect to events greater than the 1% AEP design event, namely the 1 in 2,000 AEP,
1 in 10,000 AEP and Probable Maximum Flood events.
For such events, flood impact objectives are not readily applicable. The focus of the
review of extreme events is to ensure that the flooding behavior does not change
dramatically as a result of the development and result in an increased flood risk.
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In this case, the results for the 1 in 2,000 AEP event are also of relevance to the
consideration of whether flood impact objectives have been achieved given the
recommended increase in flow compared to that modelled for the 1% AEP event
(refer Section 2.5).
The level of the embankment within the Back Creek catchment is a minimum of 0.8 m
above the 1% AEP flood level but generally higher. As a consequence, there is a
potential for a moderate increase in the depth of flooding for extreme events due to
the reduced ability for the embankment to be overtopped.
However, the increase in level is offset to a significant degree by the proposed
drainage structures. Based on a review of the increases in level nominated in the
report (refer Table 8) and the inundation extents indicated by the flood mapping of
the extreme events, given the extreme nature of the events being considered the
changes in level are considered to be acceptable.

5.8

Sensitivity Modelling

5.8.1

Blockage
The blockage potential of the proposed bridges and culverts has been assessed in
accordance with the ARR2016 guidelines. The guidelines recommend that the
potential for blockage needs to consider the upstream catchment’s available debris
type, dimensions, availability, transportability, structure interaction and random
chance. However, it has not been documented how the blockage percentages were
actually determined.
The assessment ultimately adopted zero blockage for the multi-span bridges
proposed and 25% for culverts with a minimum diameter/width of 0.9 m.
For these values to be correct, the debris potential would need to be “Low”. It is likely
that the catchment characteristics would result in a Low designation and therefore the
blockage values adopted are considered appropriate.
Sensitivity scenarios have also considered zero and 50% blockages which are
suitable for the assessment.

5.8.2

Climate change and Future Land Uses
Given the nature of the catchment, any planning changes to future land uses are
unlikely to change the impervious fraction significantly across the upstream
catchment to an extent that would result in noticeable impacts on the design event
flows.
The impacts of climate change have been assessed in accordance with the
ARR2016 guidelines for the 1% AEP design event. The selected representative
concentration pathway of 8.5 has been adopted to the 2090 horizon.
As an RCP of 8.5 is the most conservative and ARR2016 only provides
recommendations up to 2090, the climate change assessment parameters are
considered appropriate for this assessment.
The resultant increases in flood level (up to 0.09 m) do not affect the minimum
freeboard of 300 mm required under the design criteria (refer main report).
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6

Proposed Design – Local Catchments
As noted in Section 1.1, local catchment modelling was undertaken to define the
drainage requirements for a number of local catchments. In the case of the Back
Creek catchment, twenty local catchments were identified (in blue on Figure 13). The
drainage structures nominated for the twenty local catchments are listed in Table 12.

Table 12: Adopted Drainage Structures – Local Catchment

Note:

Table is reproduced from Table 2 of Appendix D3 of the FDR. Refer to Figure 13 for
location of structures.
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Figure 13: Proposed Local Drainage Structures (Maps 11 and 12 from
Chapter 8 of FDR)
The review of the proposed local drainage documented in the model was limited to a
review of the results presented in the FDR.
The local catchment drainage associated with the Back Creek catchment consists of
20 sets of culverts proposed to drain catchment areas of up to 662 hectares.
The flood level impacts presented in Table 3 of Appendix D3 indicate that the
proposed culverts will result in an increase in level for the 1% AEP event of 0.27 m ,
0.36 m, 0.29 m, 0.40 m and 0.23 m for C117.39, C120.24, C125.47, C128.88 and
C129.63 respectively with all other structures causing less than 0.2 m afflux. The
table indicates that the change in time of inundation for the 1% AEP event will be
about 1.11 hours for C117.39, 1.52 hours for C120.24, 1.57 hours for C125.47, 1.26
hours for C128.88, and 0.88 hours for C129.63. The highest change in time of
inundation is 1.83 hours for C118.59.
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Although the mapping provided in Appendix D5 indicates that the maximum increase
in level will be greater than the nominated values, the increase occurs within the
railway corridor; the quoted values reflect the increase at the rail corridor boundary
and therefore the increase that land owners will experience. It is noted that the
impacts for the four culverts with the highest impacts extend a small distance
upstream of the railway boundary and into private property. Impacts upstream of
C128.88 extend over quite a large area.
Whilst in general, the flood level increases and changes in inundation time are
considered to be both minimal and acceptable given the affected area, additional
justification is requested with respect to those areas where an increase in level in
excess of 0.2 m has been adopted.
It is considered that the flow velocity/shear stress associated with the discharge from
the culverts should be readily manageable during detailed design by the provision of
suitable scour protection measures.
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7

Conclusion

7.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Back Creek catchment for the Border to Gowrie section of the Inland
Rail project. The overall review also included the report (excluding models) prepared
for the local catchments within the Back Creek catchment.
A summary of the model review is provided in Appendix 1.
Although the following section provides an overview of the findings of the review and
recommendations with regard to required additional work, the key finding of the
review was in relation to the flow rates associated with design events. It is considered
that the resultant flows are likely to be underestimated (refer Section 2.5.1). There is
also a concern in relation to the increase in velocity external to the railway corridor
potentially associated with the redirection of flow (refer Section 5.6).

7.2

Advice and Recommendations
Based on the review of the Back Creek model, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020). A review of focus items is provided in .

7.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
While the models have been generally developed and applied in accordance with
relevant guidelines and manuals, the review identified a number of issues in relation
to the development and application of the models that could affect the interpretation
of the Inland Rail-related flood impacts. The issues, and the proposed methods for
their resolution, are summarised in Section 7.3.

7.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The overall extent of the floodplain covered by the flood model is acceptable.

7.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
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The Technical Report notes that no stream gauge data is available for calibration.
Due to this lack of calibration data, it was not possible to calibrate the catchment
models. Instead, the hydrologic model relies on parameters based on a catchment
considered to be hydrologically similar (the Upper Condamine River).
Given the lack of data, provided it can be confirmed that parameters based on an
alternate catchment can be used in this case (particularly given the fact that other
methods of flow calculation suggest higher flows) the approach is considered to be
reasonable. Confirmation is also sought in relation to the potential availability of
recorded flood level data that would allow the model to be calibrated/ validated.

7.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
The Technical Report indicates that validation of the models was achieved with
reference to two available regional methods and an area-scaled FFA for an alternate
catchment (Canal Creek) that was used to set loss rates. Although the method for
validation is considered to be acceptable, it needs to be demonstrated that the
scaling of the FFA for Canal Creek to Back Creek is acceptable, noting that the
validation indicated that the hydrologic model predicts significantly lower flows than
those obtained by the regional methods.
Unless the method of flow derivation can be justified, it will be necessary to adjust the
model to ensure that it is appropriately validated.

7.2.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area
Subject to the potential need to adopt higher design flows, the model adequately
accounts for the impacts of the reference design at this point in the EIS process and
broadly demonstrates that the impacts are capable of appropriate local mitigation.
The consideration of events of higher magnitude than the 1% AEP event suggests
that the impacts are capable of appropriate local mitigation.

7.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
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The review has indicated that the model is fit for purpose for the draft EIS process
and to inform the reference design and the mitigation of impacts, subject to the
provision of additional documentation to the Panel, in particular with respect to design
flow rates and justification regarding the acceptability of proposed impacts.
The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3.

7.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to the provision of additional documentation to the Panel.
The necessary additional documentation and sensitivity modelling is detailed in
Section 7.3. It is noted that the modelling completed in relation to the reference
design will need to be modified early in the detailed design phase.

7.3

Summary of Findings
The review identified a number of areas where additional work is required, either as
part of further design or to allow the draft EIS to be revised. The items identified in
the review are summarised in .
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by ARTC, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.
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•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the Panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 14 presents a flow chart indicating the process by which it is proposed to resolve each
issue relative to its assigned level of importance. The colour-coding used in the figure was
applied to Table 14 to allow the relative importance of each issue to be readily identified.

Figure 14: Flow Chart for Resolution of Identified Issues
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Table 13: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design
stage (e.g. reference/detailed etc.)

Yes

The model extent is appropriate.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered
reasonable and appropriate compared with typical similar
linear infrastructure projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions
Appropriateness of model arrangements and input
parameters

AIR

Additional documentation and sensitivity modelling is required to confirm that model arrangements and input
parameters are appropriate.

Appropriateness of model calibration process

AIR

Due to the lack of calibration data, calibration of a local hydrologic model was not possible. Additional
information is sought in relation to the potential to validate the model to recorded flood levels.
If it is determined that the recorded flood level data is not sufficient, the model validation process is generally
appropriate, subject to confirmation with additional documentation that either the catchment used to provide
parameters is hydrologically similar and that the resultant flows (which are lower than those obtained using
regional methods) are appropriate or the modification of the model to provide higher flows.

Appropriate application of input data (including addressing
data gaps)

AIR

Subject to the provision of additional documentation and sensitivity modelling as required, input data is
generally appropriately applied.

Assumptions around land-use (crops etc.)

Yes

Acceptable assumptions have been made in regard to land-use (subject to sensitivity testing identified with
respect to application).

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate
change

Yes

The application as a sensitivity only is appropriate, subject to the potential revision of design rainfall intensities
available for the area and subject to ISCA requirements.
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Focus Issue

Satisfied?

Comment

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
Application

Appropriate sensitivity analysis to various items e.g. flow
inputs, coefficients

AIR

Additional sensitivity assessment is required in relation to level of vegetation and bridge loss coefficients as
part of further design.

Appropriateness of change indicators

AIR

Change indicators are generally appropriate, although a more quantitative approach to changes in velocity
and duration of inundation (for more frequent events) would be of benefit for the interpretation of results

Appropriateness of structure and embankment
representation (depending on the stage of the design)

Yes

Structures and embankments have been appropriately represented for this stage of design, noting the need to
adopt improved representation of the bridges as part of further design.

Flood frequency analysis

N/A

No gauge upon which a flood frequency analysis could be completed.
Interpretation

Achievement of Design Criteria

Yes

The Design Criteria have been generally achieved.

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessments completed with respect to blockage and climate change are appropriate.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their local
property context

AIR

While impacts are quantified, additional justification is requested in relation to impacts (noting they are likely to
be acceptable given their location and extent).

Appropriateness of the alignment, with regard the related
flood impacts, within the current EIS Study Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

Consider whether reasonable and practical steps have
been taken to mitigate flood impacts, if any, outside of the
project boundary

AIR

Some steps have been taken, subject to the consideration of the use of higher flows and the justification of
adopted impacts with respect to flood levels and flow velocities.

Additional information that would be required to be
addressed in the Detailed Design phase of the program

Yes

It will be necessary to complete additional sensitivity analyses and to refine the models in the detailed design
phase.

Note:

AIR stands for Additional Information Required (as summarised in Table 14) in order to confirm issue satisfied.

March 17, 2021 | 41

Appendix J: Back Creek Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Table 14: Summary of Identified Issues
Item No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Low

For detailed design, further subdivision of sub-catchments and
adjustment of catchment boundaries
to reflect areas upstream and
downstream of the alignment is
necessary.

High

Flows derived from model well below
the estimates derived by the RFFE
model and the QRT.

Medium

As the flow estimated by the
hydrologic model is lower than that
achieved using other methods, the
use of an ARF value of 1 would raise
flows and provide flows relevant to
smaller catchments within the overall
model.

Extent

BC1

Sub-catchment extents
only partially based on
railway alignment. No
changes made between
existing and developed
cases.

2.3

Need to quantify the runoff
that occurs upstream and
downstream of the alignment
in order that flow paths are
represented and the flow to
be conveyed by drainage
structures is correct.

Not correctly accounting for flow
upstream and downstream of the
culvert can result in the over or
under-estimation of discharge at a
drainage structure depending on the
point of application of the inflow for a
sub-catchment.

Assumptions

BC2

Insufficient information is
provided in relation to the
Canal Creek FFA and its
use in the validation
process. Design flows
lower than RFFE and
QRT values.

BC3

Areal Reduction Factor
(ARF) derived at
downstream catchment
boundary rather than at
crossing. Apparent
inconsistency between
values nominated in
Technical Report and in
model files.

2.2, 2.5.1, 4

2.4.3

Potentially affects the
validation of the hydrologic
model and subsequent design
flows.

If model parameters were to be
adjusted as a result of a revised
calibration, flows and levels for
design events would be affected.

ARF reduces flow input to
models.

The use of an ARF value that is too
low could impact on the sizing of
structures, particularly for smaller
catchments within the overall larger
catchment.

March 17, 2021 | 42

Appendix J: Back Creek Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Item No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

BC4

Calibration/ validation of
hydraulic model

4.2.2

Demonstrating that the
models produce flood level
estimates that agree with
recorded information provides
confidence in calculated
levels and impacts.

BC5

Final loss rates not
detailed. Potential
variation in loss rates
could mask inadequacies
with other URBS
parameters.

2.4.2

Loss rates can affect the
magnitude of flow for design
events.

Level of
Importance

Reason for Adopted Level of
Importance

If the modelled levels do not agree
with recorded levels, it is uncertain
whether the model produces a
reasonable representation of actual
conditions.

Medium

Need to confirm whether available
data is suitable for calibration/
validation. If suitable data is available
then model agreement to recorded
data needs to be confirmed.

The use of alternate loss rates could
affect design flows and therefore the
required size of drainage structures.

Low

Adopted loss rates are considered to
be conservative.

Low

Modelling was completed using
model version available at the timethe latest version contains improved
algorithms with respect to timestep.

High

Sensitivity assessment will allow
potential difference in impacts
associated with the use of hydrologic
models for the Condamine River and
Back Creek to be considered.

Low

Correct critical duration and temporal
patterns likely adopted. Critical
duration to be confirmed using
hydraulic model as part of further
design.

Application

BC6

The adopted TUFLOW
HPC engine is not the
latest version

BC7

Flow estimates produced
by hydrologic model differ
from those estimated
using Condamine River
hydrologic model

BC8

Not all base model files
provided to verify critical
duration/temporal
patterns

5.2

The latest TUFLOW HPC
engine contains many
significant improvements

The change in the hydraulic model
solver could result in slightly different
peak water levels, velocities and
discharges

2.5.3

The hydrologic model of Back
Creek produces different flow
hydrographs to those
produced by overall
Condamine River model
including Back Creek

Although the Back Creek model
produces conservatively higher flow
estimates than the Condamine River
model, the use of different
hydrographs could result in different
impacts across the floodplain.

2.5.3

Unable to verify if correct
critical durations and temporal
patterns were used for design
events.

Potential for design flows that are too
low and therefore could impact on
the required size of drainage
structures.
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Item No.

Item/Issue

BC9

Location of inflows
applied to the hydraulic
model are inconsistent.

BC10

No losses applied to
bridge “openings”. Bridge
losses not calibrated or
verified against alternate
methods.

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

2.3, 3.3

Local inflows from the
hydrologic model represent
flows to the centroid of each
sub-catchment. Some inflows
are distributed equally along
the full length of the creek
reach which could duplicate
routing of flows. Other inflows
are applied at the
downstream extent of the
sub-catchment limiting full
routing of flows from the
centroid.

Inconsistent application of the inflow
location will impact on the relevant
timing of the hydrographs from the
respective sub-catchments and total
inflows.

High

Approach could result in the double
routing of flow. Sensitivity
assessment required to determine
whether the use of an alternate
approach would produce different
results of inflows to the model can be
reviewed.

3.5.2

Head loss across structure
could be underestimated
resulting in lower impacts
upstream of the structure.

Larger/wider bridge structures could
be required to minimise impacts to
satisfy adopted criteria.

Low

Detailed design to confirm
reasonableness of losses using
alternate approaches

Very High

To ensure that the level of detail in
the report is sufficient to describe the
work undertaken and adopted
measures.

Interpretation

BC11

Level of detail in
Technical Report

5.1

Technical Report needs to
include a significant level of
detail to describe the
modelling undertaken and
results achieved to a
sufficient level of detail; at
present the EIS chapter
presents equal or more
detailed information in relation
to impacts.

Without additional detail, there are
uncertainties in relation to the level of
detail of the modelling and its
appropriateness.

March 17, 2021 | 44

Appendix J: Back Creek Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Item No.

Item/Issue

BC12

Justification for flood
level and velocity impacts
and changes to time of
submergence.

BC13

Whether the immunity of
the local public road (at
the first point of
overtopping) is adversely
affected.

BC14

Potential for scour to
occur given generally
poor soil conditions.

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Very High

Although an increase in flood level
beyond that nominated in the
objectives can be contemplated given
the use of the affected area, greater
justification for the increase is
required. Similarly, justification is
required in relation to the
acceptability of the velocity increases
external to the railway corridor.

5.4.1, 5.5.1,
5.5.2, 5.6, 6

An increase in level in excess
of the nominated objectives is
proposed. An increase in
velocity is proposed in areas
external to the rail corridor.

If an increase is deemed to be
excessive, then the design will need
to be modified.

5.3.2, 5.4.3,
5.5

The drainage solution results
in an increase in level at
some locations along
Schwartens Road but no
overall increase in maximum
depth. Need to confirm if it
becomes untrafficable earlier
than is currently the case.

It needs to be demonstrated that the
impact on road flood immunity is
acceptable for the proposed drainage
structures to be adopted.

Medium

5.6

The design results in
velocities sufficient to warrant
scour protection at crossings
and results in significant
increases in flow velocity
external to the corridor.

As part of detailed design, it will be
necessary to ensure that the velocity
of flow (including an allowance for
climate change) does not result in
scour on a case by case basis.

Low

No impacts to maximum depths,
however it would be beneficial to
provide additional detail in the
Technical Report to support the
proposed approach.

To ensure that design achieves
appropriate scour control.
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Appendix 1 Model Review Summary Tables
Table 15: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Yes

Section 2.1

Hydrologic Model Setup
1h

Model Software

2h

All Model files provided and can results be
reproduced

Yes

Not all base model files
provided to check
appropriate critical
durations/temporal
patterns. Those files
provided reproduced
reported results Section
2.5.3

3h

Catchment extent

Yes

Section 2.3

4h

Sub-catchment delineation

Yes

Section 2.3

5h

Model catchment areas

Yes

Section 2.3

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

Section 2.4

7h

Adopted Parameters - routing

Yes

Section 2.4.1

8h

Adopted Parameters - losses

Yes

Section 2.4.2

9h

Adopted Parameters - runoff coefficient

N/A

FDR notes that Rational
Method used to confirm
local catchment flows

Design Representation

1d

Sub-catchment changes to represent design

Yes

Section 2.3 (they have not
changed anything in postdev case)

2d

Model parameter changes to represent design

Yes

Section 2.4.1 (no changes
in hydrology for post-dev
case)

Yes

Canal Creek catchment
used for area-scaled FFA.
No gauge details provided
Section 2.5.1

Flood Frequency Analysis

1f

Gauge records available
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Item No.

Description

Checked

Additional Information

2f

Gauge record length suitable for FFA

Yes

No gauge details provided
Section 2.5.1

3f

Compare design flow estimates to FFA

Yes

Section 2.5

4f

Annual Maximum Series

No

Section 2.5

5f

Number of years input to FFA calculation

Yes

No details of FFA provided
Section 2.5.1

6f

Historical events

No

Section 2.5

7f

Censoring and filters

Yes

No details of FFA provided
Section 2.5.1

8f

Probability distribution

Yes

No details of FFA provided
Section 2.5.1

9f

Low flow filtering

Yes

No details of FFA provided
Section 2.5.1

Calibration
1c

Model Calibration/Validation

Yes

Section 4

2c

Calibration data

Yes

No details of FFA provided
Section 2.5.1

3c

Calibration events and magnitude

Yes

No details of FFA provided
Section 2.5.1

4c

Review rating curves

Yes

No details of FFA provided
Section 2.5.1

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Flow estimates maybe too
low- Section 2.5.1

2a

Use of ARR 2016/2019

Yes

Sections 2.4.3

3a

Critical duration

Yes

Query regarding critical
duration and temporal
patterns adopted. Section
2.5.3

4a

Mean temporal pattern selection

Yes

Median TP selected not
mean. Section 2.5.3

5a

IFD rainfall data

Yes

Section 2.4.3.

6a

Temporal pattern zone

Yes

Checked but not stated in
text
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Item No.

Description

Checked

Additional Information

7a

Areal varied patterns

Yes

Section 2.4.3.

8a

Areal reduction factors

Yes

Section 2.4.3

9a

Design rainfall losses - Calibration events

N/A

No calibration events

10a

Design rainfall losses - ARR data hub

Yes

Section 2.4.2

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

Section 2.5.1

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.5.1

3am

Is the RFFE appropriate for the catchment

Yes

Considered but areascaled FFA preferred
Section 2.5.1
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Table 16: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Section 3.1

Hydraulic Model Setup
1h

Model Software

Yes

2h

All Model files provided and can results be reproduced

Yes

3h

Model extent

Yes

Section 3.2.3

4h

Model setup

Yes

Sections 3.2, 3.3,3.4, 3.5 and
3.6

5h

Model boundaries

Yes

Section 3.3

Control
1c

TUFLOW run log

No

2c

TUFLOW Version

Yes

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

HPC version used

5c

Materials/roughness definition

Yes

6c

TUFLOW Materials File

Yes

7c

Direct Rainfall - Losses

NA

Calibration
1c

Model Calibration/Validation

Yes

2c

Calibration data

N/A

3c

Calibration events and magnitude

N/A

Events and Scenarios

1e

Events and Scenarios

Yes

1% AEP

Yes

Climate change

Yes

Section 5.8.2

Blockage

Yes

Section 5.8.1

Extreme events

Yes

Section 5.7

March 17, 2021 | 49

Appendix J: Back Creek Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Item No.

Description

Checked

Other sensitivity assessments

No

2e

Start and end times

No

3e

Initial conditions

Yes

4e

Event text

Yes

5e

Scenarios and variables

NA

Additional Information

Not detailed

Boundary Conditions
1b

Inflow location

Yes

Section 3.3

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.3

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Not detailed

6b

1D connections

Yes

Not detailed

7b

Channel connections

NA

8b

Active cells

NA
Geometry

1g

Cell orientation

Yes

Implied not detailed

2g

2D active cells

Yes

Implied not detailed

3g

Model extent

Yes

Implied not detailed

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

No change from existing

6g

Elevation raster check

Yes

Implied not detailed

7g

Bridge representation

Yes

Section 3.5

8g

Breaklines

Yes

None used Section 3.2.2

9g

Topographic modifications

Yes

No modifications. Mine site
not modelled Section 3.2.1.

1D Network – Existing
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Item No.

Description

Checked

Additional Information

1e

1D input check

Yes

Implied not detailed

2e

Cover check

No

3e

1D continuity

Yes

Spot checks. Implied not
detailed

4e

1D locations & sizing

Yes

Implied not detailed

5e

1D losses

Yes

Implied not detailed

6e

1D blockage

Yes

Implied not detailed

7e

1D connection type

Yes

Implied not detailed

8e

1d connection grid cell check

Yes

Implied not detailed

9e

1d network invert levels & outlet check

Yes

Implied not detailed

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA
Design Representation

1d

1D locations & sizing

Yes

Implied not detailed

2d

1D input check

Yes

Implied not detailed

3d

Cover check

Yes

Implied not detailed

4d

1D continuity

Yes

Implied not detailed

5d

1D blockage

Yes

Implied not detailed

6d

1D connection type

Yes

Implied not detailed

7d

1d connection grid cell check

Yes

Implied not detailed

8d

1d network invert levels & outlet

Yes

Implied not detailed

9d

Bridge representation

Yes

Section 3.5

10d

Topographic modifications

Yes

Not detailed
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Item No.

Description

Checked

Additional Information

11d

Design criteria flood level impacts

Yes

Not detailed that they match
the report

12d

Design criteria duration of flooding impacts

No

13d

Design criteria hazard category impacts

Yes

Not detailed

14d

Design criteria velocity and flow direction impacts

Yes

Not detailed

Not detailed

Results
1r

Can results be replicated

Yes

3r

Review negative depths

Yes

4r

Review timestep outputs for HPC

No

5r

Check raster outputs for irregularities

Yes

6r

Check .csv outputs for culverts

Yes

Implied
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Condamine River completed by the Future Freight Joint Venture (FFJV) in support of
the draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR)
for the Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 7.5. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

FFJV also supplied an updated version of the Technical Report on 15 October 2020.
This report, which contained several changes, was not allocated a revision number or
date. To allow the differentiation between the initially provided and the updated
report, this report specifically notes all references to the updated report.
ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the catchment of Condamine River.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
The hydraulic model is entirely within the Toowoomba Regional Council local
government area and the hydrologic model is partially within the Toowoomba
Regional Council and Southern Downs Regional Council local government areas.

March 17, 2021 | 1

Appendix K: Condamine River Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Figure 1: Condamine River Catchment Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the Hydrology
and Flooding Technical Report (Future Freight Joint Venture, July 2020) and Section 12.6.3.3 of
Chapter 12 (Future Freight Joint Venture, July 2020)) was considered acceptable by the Panel.
The adopted methodology is summarised below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour and
impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000, 1 in 10,000
AEP and Probable Maximum Flood) based on the 2016 version of Australian Rainfall and
Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities and
inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation measures. These
measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and relevant
stakeholders.
Although the overall methodology was considered appropriate, there were several concerns
about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report (Future Freight
Joint Venture, July 2020) to justify assumptions made in the modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of the draft
EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation with all
affected landowners as contained in Appendix C – Stakeholder Engagement of the EIS. It is
assumed that this consultation included a discussion of site-specific impacts for minor and major
catchments with reference to the flood impact objectives.

1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed six relevant previous studies
that were coincident with the Condamine River study area:
•

Upper Condamine River Flood Study. (Sinclair Knight Merz Pty Ltd, 2013)
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•

Work Package 7 – 2D Flood Study for Areas within the Upper Condamine River Floodplain.
(Sinclair Knight Merz Pty Ltd, 2014)

•

Historical Study for Brookstead. (WRM Water & Environment, 2014)

•

Condamine River Flood Study. (Water Modelling Solutions, 2015)

•

Inland Rail – Border to Gowrie Phase 1 Report. (AECOM, 2017)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

The Panel considered the review (sponsored by ARTC) by Dr John Macintosh, as documented
in the Water Solutions 2020 report for the Southern Darling Downs Community Consultation
Committee on ARTC Inland Rail Interim Report on Flood Impacts (Version 1, 20 March),
associated emails and memos and as discussed at a meeting between the Panel and Dr
Macintosh.
The review also considered the review completed by Dr Sharmil Markar for local landowners, as
summarised in notes and accompanying figures dated 29 October 2020 and as discussed at a
meeting between the Panel and Dr Markar.
Further, the Panel was supplied with a copy of the Technical Memorandum dated 18 March
2020 prepared by FFJV in response to comments made by Dr Markar at a meeting held on 31
January 2020.
Other prior reports that the FFJV relied upon in their model development and provided to the
Flood Panel include:
•

Condamine River Flood Study (Condamine River and Tributaries Flood Study and Flood
Risk Management Study), Final Report (Volume 1 Report Text), for Southern Downs
Regional Council, South Brisbane. (Sinclair Knight Merz Pty Ltd, March 2012)

•

Condamine River and Tributaries Flood Study (and Flood Risk Management Study), Final
Report (Volume 2 Report Figures), for Southern Downs Regional Council, South Brisbane.
(Sinclair Knight Merz Pty Ltd, November 2011)

•

Condamine River: Flood Intelligence Review - Draft for Public Review, for Toowoomba
Regional Council, Brisbane. (Water Modelling Solutions, October 2017)

All references to external documents are listed in the main review report.

1.5

Scope of the Review
This review assessed only the regional flooding models of the Condamine River section of B2G
between Ch 130.00 km and Ch 163.15 km. Specifically, the Condamine River URBS models and
the Condamine River TUFLOW model.
There are two local catchment TUFLOW models between Ch 130.00 km and Ch 163.15 km,
which are detailed in the drainage section of the FDR (Future Freight Joint Venture, January
2020).
The FDR considers local catchments within the regional catchments that were considered by the
FFJV to be too small to be included in the regional Condamine River model. According to Table
67 of the FDR, catchments with areas less than 10 km2 were classified as minor and catchments
between 10 km2 and 100 km2 were classified as moderate. The regional flood modelling
presented in the B2G draft EIS considered catchment areas greater than 10 km2 (moderate and
major).
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The results of the local catchment assessment and the flood impact associated with the adopted
drainage structures at a local level are not included in the draft EIS (the updated draft EIS makes
reference to the updated Technical Report), with the updated Technical Report containing a
summary of the local drainage modelling presented in the FDR and an appendix (Appendix E)
containing a table nominating the size and calculated impact of each defined drainage structure.
The Panel was not provided with copies of the models developed with respect to the local
catchments and the review only includes a review of the modelling completed with respect to
local catchments based on the information presented in the FDR and summarised in the
updated Technical Report.
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2

Hydrologic Model Review

2.1

Overview
The FFJV created a new hydrologic model (URBS) for the Condamine River
catchment. This is an appropriate approach using a suitable modelling package
(URBS). The Technical Report notes that existing hydrologic models in the area were
not provided to ARTC for use, necessitating the creation of new models. The most
significant of the modelling was developed as part of Work Package 7 Toowoomba
Flood Studies Project. This was completed by Sinclair Knight Merz (SKM) on behalf
of Toowoomba Regional Council (TRC) in 2014. This work built upon SKM’s previous
work undertaken for the Upper Condamine River and floodplain on behalf of the then
Department of Natural Resources and Mines (DNRM) and the Eastern Downs
Regional Organisation of Councils (EDROC) in 2002.
The Bureau of Meteorology (BoM) further developed the URBS model created by
SKM for use in flood forecasting and flood warning for the Condamine River
catchment. SKM undertook a review and revision of the BoM URBS models as part
of the Condamine River and Tributaries Study (SKM) carried out in 2012 for Southern
Downs Regional Council. These updates were used to develop a new “Upper
Condamine” model which was successfully calibrated to a number of events including
the 2010/2011 event. This model extends from the top of the Condamine catchment
to Tummaville.
The Panel recommends that the hydrologic models be made available to ARTC to
allow the comparison of model results and confirm the overall acceptability of the new
hydrologic models.

2.2

Data

2.2.1

Stream Gauge Data
Four streamflow gauges were used for calibrating the Condamine River model as
detailed in Table 1.

Table 1: Stream Gauges Adopted for Calibration (Table 9.4 from draft
EIS Appendix Q1)

The Technical Report notes that there are 21 major stream gauges within the study
area operated by Queensland Government’s Department of Natural Resources
Mines and Energy (DNRME), SunWater and TRC. Details of these 21 major stream
gauges have not been provided in the report. Explanation as to the reliability of
gauge data within the catchment is raised in general within the report, such as length
and quality of record. However only a limited number of gauges have been
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addressed in the report. A table listing available gauge data and details of reliability
and subsequent exclusion from use would assist in understanding the approach
undertaken. Furthermore, the SKM study also notes the presence and use of BoM
alert gauges within the catchment which is has not been included or addressed in the
Technical Report.
Flow rate comparisons for the 1991 and 2010 events at the aforementioned gauges
have been included in the Technical Report with validation against the 2013 event.
There is a reasonable comparison between recorded data and modelled outputs, but
this is limited by the accuracy of rating curves at gauge locations. Furthermore, the
joined model calibration bears a higher significance and is discussed in Section 4.

2.3

Catchment Delineation

2.3.1

Existing
Catchment areas range from 3.7 km2 to 397.5 km2. Catchments in URBS should be
kept as similar in size as possible to ensure consistent routing through the model.
Such a large variance in catchment size may negatively impact the model results
however this is not considered a significant issue.
There appears to be a minor discrepancy with the area of catchment 131. It has been
input into the URBS model as 50.27 km2 instead of 46.93 km2 as represented by the
provided sub-catchment GIS layer. This is unlikely to have a significant impact on the
existing results but should be addressed in the next stage of the project. The URBS
sub-model and sub-catchment layout is shown in Figure 2.
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Figure 2: Condamine River URBS Sub-Model Layout

2.3.2

Developed
No changes were made to the sub-catchment delineation to represent the developed
condition model. There are several sub-catchment areas which cross the proposed
rail embankment (see Figure 3). It is standard practice to keep sub-catchment areas
of similar size with the only exception being when it is necessary to split the area
because of an embankment. Where a rail or road embankment splits a subcatchment, splitting the sub-catchment ensures that the correct upstream and
downstream flow is modelled. The split should be consistent between existing and
development models where practical to ensure consistent flow estimation.
There are several sub-catchments in the model that are not split by the alignment of
the proposed rail corridor. This approach may cause issues with where flows are
being applied within the hydraulic model. This can result in crossings at several
locations being missed or inflows incorrectly allocated to enable informed
assessment. However, due to the flat nature of the terrain surrounding the alignment
and the significant upstream catchment area, this issue may only be problematic in
minor events where breakouts do not occur.
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Figure 3: Corridor Alignment Through Condamine River Subcatchments

2.4

Model Setup
URBS is a runoff-routing networked model of sub-catchments based on centroidal
inflows. The Condamine River URBS model is a “split” model (separate catchment
and channel storage). However, the Condamine URBS model differs from the typical
URBS recommended routing as it has been set up to route flow to the downstream
end of the sub-catchment as opposed to the centroid. This is further discussed in
Section 2.5. Furthermore, the routing calculations undertaken in the hydrologic
model, are predominantly applicable to catchments external to the hydraulic model
extent. The catchments contained within the hydraulic model extent are applied in a
manner that negates the applied routing from the hydrologic model. This is further
discussed in Section 3.7 and Section 4.1.

2.5

Model Parameters
Typical values for alpha range between 0.1 – 0.3. The alpha values adopted in the
model are inside the normal range but toward the lower end of expected values,
which is contrary to the flat nature of the catchment. Furthermore, the Technical
Report does not refer to the route scaling factors that have been applied within sub
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model C and D. The application of scaling factors in sub-model C results in an
applied alpha (0.6) outside the typical range. While there may not be an issue with
this approach, as scaling factors have been applied to sub-catchments located in the
floodplain, they should be documented in the Technical Report.
Table 2 provides a summary of the reported URBS parameters.

Table 2: Condamine River Reported Design Storm Event URBS Parameters
(Table 9.11 from draft EIS Appendix Q1)

Typical values for beta range between 1 and 9. The beta values adopted within the
model are inside the normal range but, similar to the alpha parameter, are towards
the lower end of expected values which is contrary to the flat nature of the catchment.
It should also be noted that no scaling has been applied to these parameters.
However, in sub-models C and D, which predominately comprise of floodplain area, a
higher beta parameter would intuitively be expected in order to reflect the greater
storage characteristics of these areas.
As noted in Section 2.4, the routing approach differs from the typical URBS approach
and is set up to route flow to the downstream end of the sub-catchment. However,
this issue may be addressed through the calibration process which has resulted in
lower than would be expected alpha and beta parameters. The lowering of these
parameters is likely to offset, to some degree, the additional routing length applied
due to the differing approach.
Leslie Dam, which has an upstream catchment area of approximately 605 km2, was
not explicitly included within the URBS hydrologic model. It is unclear whether
addition of the dam would affect design flows significantly, but given that the
upstream area comprises approximately 8% of the area upstream of the proposed
railway alignment, it may need to be added to the hydrologic model in sub-model B.
A joint calibration approach has been used to validate both models, this shows a
greater indication of the models’ appropriateness and is discussed in Section 4.

2.6

Design Discharges
Ten different temporal patterns are modelled per AEP and duration to assess the
impact of temporal patterns on peak flows. This approach is consistent with the latest
Australian Rainfall and Runoff (ARR) guidance.
A Flood Frequency Analysis (FFA) has been undertaken for the purpose of validating
design flow estimates for the Condamine model. The FFA is discussed further in
Section 2.7.
Continuing loss rates for the calibration models vary significantly between submodels and between historical events. For example, sub-model D has the lowest
continuing loss rate in the 1991 event (0.5 mm/hr) (compared to 4.00 mm/hr for submodel B) and also the highest continuing loss rate for the 2013 event (5.00 mm/hr)
(compared to 0.5 mm/hr for sub-model B). A similarly wide variation can also be
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observed for initial losses. These wide variations are unusual and should be
discussed further.
Although calibration modelling has been undertaken, initial and continuing loss
values for design storm events are not based on the calibrated model values.
Instead, for design events, initial and continuing losses are based on values taken
from the ARR Data Hub for each sub-model, as shown in Table 3. This is excepted
by sub-model A, which has been adjusted to reconcile modelled flows to the FFA at
the Warwick stream gauge. Furthermore, sub-model A adopts event varying losses,
rather than static losses for all events (which is the approach adopted for the other
sub-models).
The losses adopted, with respect to sub-model A, are lower than those nominated via
the ARR Data Hub. For example, Table 9.14 of the Technical Report nominates an
initial loss of 19.9 mm and a continuing loss of 1.92 mm/h for the 1% AEP event. In
comparison, the ARR Data Hub nominates an initial loss of 31 mm and a continuing
loss of 3 mm/h. A similar reduction in initial and continuing loss for sub-models B, C
and D would result in an increase in peak discharge and volume of runoff from the
catchment. In turn, this would result in an increase in flow to be conveyed beneath
the railway alignment.
The reasons for not using loss parameters based on the calibrated models, in
addition to justification for event varying losses within sub-model A, have not been
detailed in the Technical Report. Further explanation and justification for the adopted
loss parameters is required.

Table 3: Adopted Initial and Continuing Losses
Event

Parameter description

Sub-model A

Sub-model B

Sub-model C

Sub-model D

Initial Loss

IL

91.00

70.00

50.00

4.00

Continuing Loss

CL

3.45

4.00

3.00

0.50

Initial Loss

IL

18.00

78.50

25.50

20.50

Continuing Loss

CL

2.00

0.23

1.15

1.80

Initial Loss

IL

145.50

110.00

70.00

40.00

Continuing Loss

CL

1.00

0.50

5.00

5.00

Initial Loss

IL

31.57 to 11.40

25.00

37.00

46.00

Continuing Loss

CL

3.05 to 1.10

1.70

1.00

0.40

1991

2010

2013

Design

Three critical durations have been selected for the Condamine River model
consisting of the 2,880 min, 4,320 min and 5,760 min duration storm events. The
Technical Report states that both flow and volume were used to determine the critical
durations. No design volumes have been reported and the influence of volume on the
selection of the critical duration is unclear. The report should be updated to include
this information to justify the critical durations adopted for the assessment.
Areal Reduction Factors (ARF) have been adopted for the process as noted in the
Technical Report and included in the modelling. However, the reporting and
modelling indicates that ARF values have been applied based on sub-model extents
and not associated with the discharge location at the rail alignment. Furthermore, the
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applied ARFs could not be reproduced by the Panel, with the applied reduction
values found to be slightly lower than expected (e.g. 0.928 used versus 0.914
calculated). The ARF reduces the overall flow in the design event assessed at each
location of interest and thus sensitivity should be undertaken to ensure this is not
significant.
For the 2D modelling, one temporal pattern per AEP was chosen. First, the critical
durations were determined. For each given AEP and duration combination, the
temporal pattern that resulted in the fifth-highest (rank 5) flow (out of ten patterns)
was selected. The focal point for determining the critical duration and rank 5 temporal
pattern was the outlet from sub-model C, which discharges approximately 15 km
upstream of the rail alignment. As this location is reasonably close to the rail
alignment in comparison to the extent of the catchment, this approach is likely to be
appropriate for the main flow path.
However, as there are over 89 sets of culvert crossings and multiple bridges the
critical duration relevant to the main flow path may not be representative of the critical
case at other crossings. Whilst the difficulty associated with determining the critical
duration at multiple points is appreciated, sensitivity testing at some critical locations
should be undertaken to justify the selected critical durations and temporal patterns.
Back Creek is a relevant example of this issue. With a catchment area of 106 km2
upstream of Millmerran, it was the subject of a separate modelling exercise
(Appendix J of the Panel review report presents the findings of the review of the
modelling of Back Creek). Although a significant catchment, the area of the Back
Creek catchment is small relative to the whole of the Condamine River.
Consequently, the critical storm duration for Back Creek is significantly less than the
critical duration for the Condamine. Modelling focussed on the critical duration of the
Condamine River will underestimate the peak flow from Back Creek.
Section 9.5.4.5 of the Technical Report presents a summary of sensitivity modelling
undertaken with respect to the interaction of Back Creek and the Condamine. The
sensitivity assessment included a highly conservative amalgam of the peak flow from
the Back Creek catchment and the peak flow in the Condamine River. The report
indicates that the impacts obtained in all cases were negligible.
The sensitivity assessment completed with respect to Back Creek is considered to be
appropriate, subject to confirmation that the inflow used for Back Creek was that
derived from the Back Creek model and provision of the impact mapping to confirm
the negligible impact nominated in the Technical Report
Table 4 summarises the critical durations utilised in the model. It is noted that no
review of the critical duration has been provided for the design scenario.
Furthermore, the table only lists peak flow rates and temporal pattern and does not
include volumes, which is documented as influencing the critical duration selection.
Whilst it is unlikely that a large-scale change of critical duration would occur, because
there is a build-up and redistribution of flow at the primary bridge crossings,
confirmation of this would improve the confidence of the output.
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Table 4: Condamine River Critical Duration and Temporal Pattern Assessment
(Table 9.17 from Technical Report)
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2.7

Flood Frequency Analysis
The FFJV conducted a Flood Frequency Analysis (FFA) at three stream gauges
within the Condamine River catchment. The gauges were:
•

Condamine River at Warwick - 422310C

•

North Condamine River at Lone Pine - 422345A

•

Condamine River at Cecil Weir - 422316A

The gauge at Warwick (422310C) is located upstream of the alignment and outside
the hydraulic model extent. The Lone Pine (422345A) and Cecil Weir (422316A)
gauges are located downstream of the rail alignment and have been combined to
form a single FFA (referred to as the combined location in this review). The combined
FFA has been used in comparison to the URBS hydrologic model outlet. There is
limited discussion presented in the Technical Report detailing how the FFA was
undertaken, most notably the approach used to combine the gauge at Lone Pine and
Cecil Weir into a single FFA.
The combination of two independent gauges, which are located more than 15 km
apart and situated on different waterways, is not standard practice. Conceptually,
combining flows is a good approach in systems with braided flow paths but would
typically be undertaken for locations that are similar distances downstream of the
area of interest. Furthermore, the modelling would need to ensure the total and
proportional flows in each waterway was correct. Further documentation and
justification are required within the Technical Report to validate this approach.
ARTC noted, without supporting analysis, that FFA assessments have been
undertaken at Talgai TW (422355A) and Tummaville (422323A) gauges but
presented unreliable results. For these reasons, ARTC has undertaken the FFA
assessments at only the Warwick and combined location. The ARTC FFA
assessments are presented in Figure 4 and Figure 5 for Warwick and the combined
location respectively.
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Figure 4: ARTC FFA at Warwick (Figure 39 from Technical Report)

Figure 5: ARTC FFA Combined FFA at URBS Model Outlet (Figure 40 from
Technical Report)
The ARTC FFA shows a strong correlation between the URBS design flow estimates
at the Warwick gauge (422310C). However, for the combined FFA at the URBS
outlet, although falling within the FFA confidence limits, the estimated design flows
differ substantially. For example, the 1% AEP design flow according to URBS is
about 30% lower than the corresponding FFA design flow. Furthermore, the design
flow estimates present a “flatter” curve than the FFA which indicates that increasing
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rainfall has far less impact on modelled flows than it has on actual flows. The
substantial flow difference and lack of documentation motivated the Panel to
undertake the following:
•

Independent FFA at Lone Pine (422345A) and Cecil Weir (422316A)

•

Comparison between URBS, TUFLOW and FFA peak flow rates

•

Comparison between TUFLOW modelled and gauged levels at Lone Pine

The key data locations utilised in this assessment are presented in Figure 6.

Figure 6: Panel FFA Key Data Locations
The Panel undertook a FFA at the Lone Pine gauge and compared the results to both
the URBS and TUFLOW peak flow rates. This analysis is presented in Figure 7 and
Table 5. The assessment shows that there is attenuation in the TUFLOW model with
peak flow rate values lower across all events when compared to the URBS model.
However, the most significant trend is the underestimation in both the URBS peak
flows and TUFLOW peak flow outputs, with the 1% AEP TUFLOW peak flow rate an
estimated 12% of the peak flow derived from the FFA. It is noted that this analysis is
reliant on the accuracy of the rating curve at the Lone Pine gauge to generate the

16 | March 17, 2021

Appendix K: Condamine River Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

peak flow rates with ARTC noting issues with rating curves and out of bank flow in
the Condamine floodplain.
To assess the modelled accuracy against the recorded data, the Panel has also
undertaken a level analysis at the Lone Pine Gauge. This analysis is presented in
Figure 8. Two sets of water levels have been extracted from the TUFLOW model.
The first set is based on the recorded gauge location, which is situated on the bank of
the North Condamine. The second is an adjusted location that is recorded at the
centre of the North Condamine waterway, perpendicular to the recorded gauge
location.
Although it is the Panel’s belief that the second location is a more accurate
representation of the actual recording location, both results are presented in Figure 8.
The assessment shows that the modelled levels do not follow the same trend as the
recorded levels, with little variation in modelled levels between events. Furthermore,
the levels at the adjusted location present a significant underestimation of recorded
levels at the gauge location (i.e the model is predicting a flood level that is
significantly lower than that recorded at the gauge for the 10% AEP and less frequent
events). This outcome again suggests that the flow/ volume in the model is too low.
This is in line with the observation from Figure 5 that the model curve is much “flatter”
than FFA curve, indicating that an increase in rainfall has far less impact on modelled
flows than it has on actual flows

Figure 7: Panel FFA Assessment – North Condamine River at Lone Pine
(422345A)
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Table 5: North Condamine River at Lone Pine (422345A) – Flow Rate Analysis
AEP

ARTC URBS (m3/s)

ARTC TUFLOW
Model at NBB_OUT
(m3/s)

Panel FFA (m3/s)

Peak TUFLOW flow
as proportion of FFA
flow

20%

144

50

81

61%

10%

181

85

195

44%

5%

212

112

420

27%

2%

348

194

1049

18%

1%

410

240

1989

12%

Figure 8: Panel Level Assessment – North Condamine River at Lone Pine
(422345A)
The Panel undertook an FFA at the Cecil Weir gauge and compared the resultant
flows to both the URBS and TUFLOW peak flow rates. It should be noted that the
TUFLOW model does not extend down to the weir gauge and flow rates have been
extracted from the TUFLOW model based on the plot output line at MBB_out (see
Figure 6). The panel notes there will be some attenuation of flow between the
MBB_out location and the gauge location but the analysis should still present a
comparable assessment. This analysis is presented in Figure 9 and Table 6.
In contrast to the Lone Pine analysis, the analysis at Cecil Weir shows an
overestimation in both the URBS and TUFLOW peak flow rates compared to the FFA
estimates. Although flow attenuation will lower the TUFLOW peak flow rate estimate,
the analysis shows that it is approximately 1,352 m3/s (37%) higher than the FFA
estimate. The overestimation of flow is of similar magnitude to the underestimation of
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flow at Lone Pine. Similar to the Lone Pine analysis, the Panel notes that the
assessment is reliant on the accuracy of the rating curve. However, unlike Lone Pine,
Cecil Weir is not within the TUFLOW model extent and a comparison to modelled
water levels was not able to be undertaken to provide an additional means of
comparison.

Figure 9: Panel FFA Assessment – Condamine River at Cecil Weir (422316A)
Table 6: Condamine River at Cecil Weir (422316A) – Flow Rate Analysis
AEP

ARTC URBS (m3/s)

ARTC TUFLOW
Model at MBB_OUT
(m3/s)

Panel FFA (m3/s)

Peak TUFLOW flow
as proportion of FFA
flow

20%

849

894

871

103%

10%

1330

1372

1310

105%

5%

1710

1931

1685

115%

2%

2455

2893

2070

140%

1%

2951

3637

2285

159%

The comparison between the analysis undertaken at each gauge location shows that
there is significant difference in flow bias with the models indicating a lower flow
within the North Condamine (when compared to the Condamine). This means that
the flow distribution is potentially inaccurate in both the existing case and design case
scenarios. It is unclear if this is occurring upstream or downstream of the proposed
alignment. If this issue is occurring upstream of the alignment, this will likely result in
the under-sizing of structures at the North Condamine.
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To address this and to improve confidence with the modelling approach it is
recommended that the hydraulic model be extended to the Cecil Weir gauge in order
to improve the assessment at this location. Furthermore, a more detailed analysis of
the 2013 event, including recorded flood levels, would provide more rigor to the
calibration.
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3

Hydraulic Model Review

3.1

Overview
The Condamine River hydraulic model was set up on a 20 m grid and run using
TUFLOW HPC. Gully lines have been used to model continual flow paths along the
invert of the main channels. Additionally, a small section of 1D channel has been
included upstream and downstream of where the Condamine River (north branch)
meets the rail alignment. The model extends approximately 15 km downstream of the
rail alignment. It is recommended that a finer grid (of the order of 5 metres) or sub
grid sampling be used in the vicinity of the alignment for the final design.
As noted for the hydrologic modelling, the Technical Report states that ARTC was
not given access to available hydraulic models in the area, most significant of which
is the Work Package 7 Toowoomba Flood Studies Project. This was completed by
Sinclair Knight Merz (SKM) and updated by Water Modelling Solutions on behalf of
Toowoomba Regional Council (TRC) in 2015.
The Panel recommends that the flood model be made available to ARTC to allow
comparisons to be made between the previous models and the flood model
developed for the B2G alignment as a means of confirming the reliability of the new
models.

3.2

Software Version
The Condamine River TUFLOW model utilised version 2017-09-AC, which was
released in October 2017. This version was likely the latest version when modelling
for the Condamine River first began for Inland Rail and therefore was adopted at
project inception. This approach is deemed acceptable by the Panel.

3.3

Topography
The Condamine River TUFLOW model reads in a 2 m Digital Elevation Model
(DEMs) which is based off LiDAR survey of the area. The layer comprises of 11
different 1 m gridded LiDAR datasets which are detailed in Table 9.1 of the Technical
Report. Furthermore, detailed ground and structure survey was incorporated at the
Gore Highway crossing of the main Condamine River branch.
The Technical Report notes that discrepancies between the differing LiDAR datasets
were observed and updated LiDAR data will be acquired to facilitate updates during
detailed design. It should be noted that as the previous LiDAR datasets were
collected between 2010 and 2015, the update to more recent LiDAR has the potential
to cause differences in modelled levels.
The TUFLOW model also reads in two GIS files to apply gully lines (produce a low
flow channel) in creek inverts. This approach should be suitable for the regional
events that are being assessed within the model.
In addition to gully lines, ridge lines have been used within the TUFLOW model to
represent roadway and levee heights to ensure that obstructions to flow are captured.
There are gaps within the ridge lines which have been intentionally input to allow for
the inclusion of bridge structures. However, some gaps are not intentional and allow
for flow to pass through road embankments, as shown in Figure 10. These issues
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and the inclusion of minor waterway culverts (see Section 3.5) should be addressed
in future model updates.

Figure 10: Gore Highway Ridge Line Break
The existing Millmerran Branch Railway was not enforced within the hydraulic model
and is only represented by LiDAR levels. As this has the potential to impact flow it is
important that this is correctly represented in the hydraulic model.

3.4

Roughness
Roughness coefficients applied across the area of interest were based on current
aerial imagery and land-use classifications sourced from QSpatial and published by
the Department of Infrastructure, Local Government and Planning. The majority of
Manning’s ‘n’ values are considered to be within typical ranges for each land use,
vegetation type and density. There are minor exceptions, such as sealed roadways
and heavy vegetation, which are lower than what would normally be applied, with
roughness values of 0.015 and 0.065, respectively. However, as these extents are
small (relative to the size of the model) they are unlikely to have significant influence
on results.
The majority of the floodplain is assigned a Manning’s ‘n’ of 0.1085, which is uniform
value for crops based on an annual average. Based on aerial imagery and Street
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View, this value appears to be reasonable, with the vast majority of the floodplain
area consisting of agricultural crops with limited grazing land.
Although reasonable, the value is quite precise and reflects a level of sensitivity
testing. It is recommended that the potential variation in level associated with
alternate roughness values be detailed.
Creeks and waterways have been assigned a roughness of 0.035 with surrounding
riparian areas assigned 0.04. This approach is deemed reasonable.
The hydraulic roughness has not been updated to incorporate the rail
alignment. Although it is unlikely to cause material change to the results, it is
recommended that roughness changes to incorporate the design be made in future
stages of the project.

3.5

Existing Structures
The model incorporates both existing bridges and culvert structures. The Technical
Report indicates that these structures have been sourced from the DTMR GIMS
database. The included structures largely align with those included in the TRC study
and incorporate structures at major crossing locations. However, there is limited
structure inclusion for culverts in minor flow path areas. Based on a high-level review,
identification of some missing culverts is presented in Figure 11 to Figure 13. It is
noted that the inclusion of culverts on minor waterways is likely to have minimal
influence on results for rarer flood events. However, without including the culverts it is
difficult to reliably model times of closure and impacts for less extreme events. It is
recommended that the sensitivity of results to the inclusion of cross drainage culverts
at minor waterway locations be tested to quantify the impact of the railway including
road drainage structures and that cross drainage structures be included in future
project stages as they are likely to influence flood extents for frequent events.
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Figure 11: Gore Highway Missing Culvert 1

Figure 12: Gore Highway Missing Culvert 2

Figure 13: 1 in 20 AEP Flood Extent near Gore Highway Missing Culvert 1 & 2
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3.6

One-Dimensional Channel Representation
The TUFLOW hydraulic model includes a section of a one-dimensional channel used
to represent approximately 4 km of the Condamine River (north branch). There are
several issues associated with the approach undertaken which includes:
•

1% AEP results show a peak velocity in the channel downstream of the Gore
Highway of 7 m/s velocity, which is unrealistically high.

•

No HX boundary has been used to connect the 1D domain to the 2D domain at
the culvert/weir location.

•

The proposed rail bridge has not been represented in the 1D channel.

These items are illustrated in Figure 14. The peak velocity occurring downstream of
the Gore Highway may be an error in the TUFLOW result output as it is not present in
the 1D results. Further investigation is required in relation to this issue. The omission
of HX lines is unlikely to impact results in events up to and including the 1% AEP
event as current modelled levels do not overtop the roadway at this location.
However, it will impact results in rarer events such as the PMF. The interaction with
the proposed bridge structure and the Condamine River at this location is complex,
with the waterway aligning parallel with the alignment before changing to be
perpendicular. This complex behavior may not be suitable to model with a onedimensional channel and further justification regarding this approach is required.
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1% AEP results show a peak
velocity of 7 m/s in 1D channel at
this location

HX boundary not used on edge of
2D inactive area

Proposed rail bridge is not
represented in 1D channel

Figure 14: TUFLOW Channel Representation
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3.7

Boundary Conditions
The Condamine River TUFLOW model extent, inflow and downstream boundary
locations are shown on Figure 15. The model boundary is set at sufficient distance
from the flood extent so there is no artificial restriction of flow (“glass walling”)
occurring near the proposed alignment. There is some artificial restriction in the
northern section of the model that is unlikely to affect flood levels near the proposed
alignment.
The downstream boundaries are HQ (stage discharge) curve automatically generated
by TUFLOW based on input slopes ranging between 0.00032 m/m to 0.00437 m/m.
The boundaries are set a sufficient distance from the alignment to not influence the
results at the area of interest and has been input perpendicular to the direction of
flow.
Flows have been applied to the model through source area (2d_sa) polygons.
External inflows have been applied using the default TUFLOW method, where flow is
distributed firstly to the lowest cell and then distributed between wet cells. Internal
inflows have been applied using the “Read GIS SA ALL” command, which distributes
flow to all cells within the inflow polygon’s extent. Furthermore, polygons have been
generated based on either buffering waterway strings or as lumped inflows, as shown
in Figure 16and Figure 17.
The approach of applying internal inflows along the waterway paths in combination
with the “Read GIS SA ALL” command is contrary to the routing calculations
undertaken within the hydrologic model (where flow is routed to the sub-catchment
outlet) as flow is uniformly distributed along the reach, resulting in the additional
routing of runoff in the hydraulic model. This additional routing is only applicable to
catchments applied via internal inflows and does not affect the routing calculations for
catchments outside the hydraulic model extent. Moreover, Figure 16 shows that the
buffered waterway strings have been split using the sub-catchment layer resulting in
isolated areas of applied flow. The lumped internal inflow polygons, as shown in
Figure 17, control flood extents due to the “ALL” command. This approach may result
in artificial widening of flood extents (e.g. upstream of Saal Road). Furthermore, the
logical process for the location selection for the lumped inflows is unclear.
Additionally, the Technical Report has limited discussion on the adopted approach
nor any discussion on the splitting of internal inflows.
External inflows are generally applied as lumped inflows at specific locations, with the
exception of 125L (Back Creek), as shown in Figure 18. Where multiple inflow
polygons are assigned the same name, TUFLOW will identify the polygons as
“merged” and are treated as one. In this situation, inflow is applied initially to the
polygon north of Millmerran Inglewood Road as it contains the lowest cell. Following
this, flow is distributed to all wet cells. Figure 18 shows the multiple polygons used to
represent 125L and also includes the 1% AEP flood extent. Furthermore, the figure
demonstrates that no inflow is applied at the most western polygon as it is not wet in
this event. It is unclear why this approach is required and no discussion regarding the
method behind this approach is provided in the Technical Report.
Limited information has been provided within the Technical Report to justify the inflow
approach undertaken. Initial review indicates that the adopted approach has been
undertaken to ensure modelled flood extents are represented in known flood
locations. This approach may weaken confidence in the modelled flood extents,
particularly design flood events.
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Figure 15: Condamine River Hydraulic Model Setup
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Figure 16: Condamine River Hydraulic Model Internal Inflow – Buffered
Waterway

Figure 17: Condamine River Hydraulic Model Internal Inflow – Buffered
Waterway and Lumped

March 17, 2021 | 29

Appendix K: Condamine River Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Figure 18: Condamine River Hydraulic Model External Inflow – Back Creek

3.8

Back Creek
Figure 19 presents a comparison between the extent of inundation for the PMF event
within the Back Creek model (top map) and the extent of inundation for the PMF
event immediately downstream in the Condamine River model (bottom map). The
map for the Back Creek model shows the approximate upstream boundary of the
Condamine River model,
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Figure 19: Comparison between extent of inundation for PMF event, Back
Creek and Condamine River models, existing case
Although the maps are at different scales, the difference in extent of inundation and
calculated levels between the two models is significant. The difference reflects the
combination of higher flows in the local Back Creek model (refer to the Panel Review
Report – Appendix J on Back Creek) and the method by which the flows have been
applied to the Condamine River model. While the temporal patterns and critical
durations applicable to the two catchments can be expected to differ due to the
different catchment areas being considered, there remains a need to ensure that the
flow and its distribution across the floodplain are reasonable. The Appendix J report
includes a recommendation to complete a sensitivity assessment to identify any
impacts between the two models.
As noted in Section 3.7 and shown on Figure 12, the inflow from the Back Creek
catchment is modelled by dividing the inflow calculated for the single catchment
representing Back Creek in the Condamine River model and distributing flow to five
inflow areas.
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This approach is intended to reflect the outbreak of flow that occurs to the east for
larger events. The Technical Report does not detail the methodology adopted for the
distribution of the flow or demonstrate that the characteristics of the outbreak are
appropriately represented.
It is recommended that the Condamine Model be extended upstream as part of
further design in order that the outbreaks are modelled internally within the hydraulic
model.

3.9

Developed Conditions Model

3.9.1

Rail Alignment
The rail alignment crest is appropriately modelled using ridge lines with levels
specified at 10 m intervals. Additionally, a Digital Elevation Model (DEM) along with
two elevation lines have also been used to represent rail embankment.

3.9.2

Road Upgrade
In addition to the rail alignment, several upgrades to roadways have been proposed.
Although not documented in the Technical Report, the roads include are:
•

Lindenmayer Road

•

Hall Road

•

Elsden Road

•

Brookstead Scrubby Road

•

Ware Street/Gore Highway/Saal Road interchange

•

Longhurst Road

•

Yarranlea Road/Desmonds Lane

These have been incorporated into the model as a DEM. There are also several
crossings that are required as part of this upgrade which are present as onedimensional structures. Further discussion regarding one-dimensional structure
representation is provided in Section 3.9.4.

3.9.3

Proposed Bridges
The proposed bridges in the model (spanning an approximate cumulative length of 6
km) are incorporated via openings in both the DEM and elevation line layer and
represented by layered flow constriction shapes. While the general setup of the
bridge structures is acceptable there is a minor concern. The “CUMULATE” loss
approach has been applied to all design bridges (as opposed to the default
PORTION loss method). This approach is noted to produce inconsistent results
where the bridge is overtopped (drowned out). This will likely only cause issues in
extreme events, such as the PMF, where the bridges are overtopped. It is
recommended that the default PORTION loss method be adopted in future model
runs to ensure consistent results in extreme events.
It should also be noted that all six proposed bridges have the same form loss
coefficients applied. Although the bridges may have a uniform pier configuration, they
all vary in relation to direction to flow and therefore it is expected that there would be
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some variation in form loss. However, it is noted that adjustment to this value is
unlikely to have significant impact on modelled results.
In addition, there appears to be issues with the bridge deck implementation, where
several of the design bridges have an applied deck depth of zero. This has the
potential to cause impacts in extreme events, such as the PMF, and therefore
requires further investigation. Furthermore, there is a minor issue where some of the
layered flow constriction files representing the bridges stop one to two cells short of
the proposed embankment, providing a gap, between which, flow can pass
unimpeded by losses associated with the bridge. This is unlikely to cause significant
change to modelled results but should be addressed in future design stages.

3.9.4

Culverts
The TUFLOW hydraulic model includes approximately 11 existing culvert structures
and approximately 83 pipe and 17 box design culvert structures (noting that these
structures consist of multiple cells). Existing culvert structures and the majority of
design culvert structures have been included as one-dimensional elements. In
general, the culverts look to be appropriately dimensioned within the model however
the boundary arrangements utilised to link the one-dimensional culverts to twodimensional systems appear to be deficient. The majority of culverts are connected to
the two-dimensional model using source boundaries (SX) that are situated away from
where the culverts would realistically be connected, as shown in Figure 20.
Furthermore, several structures have source boundaries which are too large, greatly
exceeding the internal width of the connected culverts. Both issues are likely an
artefact of the 20m grid cell size. Sensitivity testing showing this does not impact
modelling results should be provided or the model adjustments should be undertaken
to address these items. It is also recommended that a smaller grid cell size may
resolve these issues (and many others) if adopted in future project stages.
There are also some minor discrepancies between the ground levels and the culvert
levels where the TUFLOW “z-flags” option has been applied. The “z-flag” option
automatically lowers connected source cells to the invert level of the connected
culvert. This has resulted in discrepancies of up to 3.5 m between the terrain and the
culvert invert.
Several cross-drainage culvert structures under the rail alignment at one location
(north of Pampas Pit Road) have been represented using two-dimensional layered
flow constriction shapes, rather than one-dimensional structures. Although this is not
necessarily incorrect, no justification in the Technical Report has been provided for
this approach. Discussion regarding the calculation of blockage (ranging between
29.59% and 30.51%) and form loss coefficient (ranging from 0.07679 m/m to 0.07786
m/m) has not been provided for the approximately 100 culvert cells represented.
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Figure 20: TUFLOW One-Dimensional Culvert Representation and SX
Connections
The following minor issues were also identified with the culvert implementation:
•

There are some discrepancies in culvert length between the hydraulic model and
Appendix D3 of the FDR.

•

Culvert C131.39 (18/2100mm RCP in Appendix D3 of the FDR) is modelled as
1/2100mm RCP.

•

Culvert C131.49 was not included in Appendix D3 of the FDR.

•

Culverts C133.53, C133.90, C134.37, C135.28 and C135.82 were not included in
the hydraulic model.

•

Culvert C137.92 has 8 cells in the hydraulic model but 9 cells in Appendix D3 of
the FDR.

•

Culvert C140.32 has 6 cells in the hydraulic model but 9 cells in Appendix D3 of
the FDR.

•

Culvert C145.40 has 6 cells in the hydraulic model but 4 cells in Appendix D3 of
the FDR.

•

Culvert RLX6 adopts losses consistent with a pipe culvert instead of a box
culvert.
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4

Calibration
The Condamine River modelling has been jointly calibrated with a focus on matching
both gauged and historic observed peak flood levels. The Technical Report notes
that there are 21 major stream gauges within the study area. However, unlike the
TRC study no BoM alert gauges have been used. Eight of the stream gauges have
been used for model calibration purposes. Additionally, the report notes that 47
historic floodmarks for the December 2010 flood event have been used for validation
purposes.

4.1

Joint Calibration

4.1.1

Assessed Events
The project has focussed on the February 1991, December 2010 and January 2013
events for joint calibration. The selection of these events is deemed fitting as they
represent a range of magnitudes as well as being the most recent events on record
and should therefore have sufficiently accurate data.
Although flood gauge data has been used for model calibration purposes for the
1991, 2010 and 2013 events, only historic floodmarks from the 2010 event have been
used for validation purposes. While there is a high likelihood that floodmark data
would be available for the 2013 event, no reporting is included in the Technical
Report on this matter. Furthermore, there were concerns raised by Dr Markar
(personal communication) that the modelled levels were negatively biased. This is
confirmed by Figure 21 which is a histogram plot of the difference in peak water
levels based on Table 9.28 of the Technical Report. As such, a validation to available
2013 event floodmarks would aid in either confirming or refuting this trend.

Figure 21: Difference between December 2010 surveyed and modelled levels
based on values from Table 9.28 from Draft EIS Appendix Q1
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4.1.2

Rating Curves and Uncertainty
The Technical Report notes the availability of rating curves for the calibration gauge
locations. However, the reliability of these curves is weakened due to a high
tendency for flow to break out from the waterway. Noting this, it would be assumed
that a joint probability assessment, incorporating both flow and water level
assessment would be the primary informant of model suitability.

4.1.3

Results and Justifications
Water level calibration graphs are presented in the Technical Report for the 1991,
2010 and 2013 events at Tummaville (422323A), Yarramalong Weir (422353A) and
Pampas (422347B) gauges. Although the model results closely approximate peak
water levels for the 2010 event, there are significant differences at Tummaville for the
1991 event (+1.454 m) and Yarramalong Weir for the 2013 event (-0.418 m).
Furthermore, there is often a poor fit between the observed and simulated
hydrographs as shown in Figure 22 and Figure 23. The model results presented in
Figure 22 indicates there is a difference in timing between observed and modelled
peak of approximately 12 hours. Figure 23 shows the modelled results present a
reasonable approximation of timing and peak water level but is unable to replicate the
shape or levels for the preceding 240 hours of the event.
Figure 24 also presents issues where the rise in water level according to the model
seems unrealistically steep. The modelled flow volume of the falling limb is
substantially larger than the observed hydrograph and has a timing difference of
approximately three days. Figure 25, which is also taken at the Tummaville gauge,
shows a similar trend with a steep rise and three-day difference in the falling limb.
The majority of the hydraulic model calibration hydrographs presented in the
Technical Report begin with a straight horizontal line. This would normally be
attributed to the model DEM but levels differ between historic events at identical
gauge locations, as shown when comparing Figure 24 and Figure 25. Note: colours
for modelled and observed hydrographs are switched between Figure 24 and Figure
25, which is confusing.
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Figure 22: Hydraulic model calibration hydrograph at Pampas 422347B – 1991
event (Figure 44 from Technical Report)

Figure 23: Hydraulic model calibration hydrograph at Tummaville 422323A –
2010 event (Figure 45 from Draft EIS Appendix Q1)
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Figure 24: Hydraulic model calibration hydrograph at Tummaville 422323A –
1991 event (Figure 42 from Technical Report)

Figure 25: Hydraulic model calibration hydrograph at Tummaville 422323A –
2013 event (Figure 48 from Technical Report)
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5

Proposed Design Results

5.1

General
The proposed design and associated results are provided within the Technical
Report. In general, the results of the modelling indicate that the impacts of the rail
alignment are manageable or acknowledged, with the exception of newly flooded
areas.

5.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a minor variance in the simulation timestep for at least one
event (as shown in Figure 26). It is expected that this can be attributed to the version
of the software available when modelling commenced (2017-09-AC-iSP-w64).
Limited testing undertaken by the Panel, suggests that using the latest version of
TUFLOW (2020-10-AA) will improve the modelling with respect to timestep.
Subsequently, the Panel recommends that the latest version of TUFLOW be adopted
for future project stages.

Figure 26: Design Case 1% AEP 72hr Temporal Pattern 0 HPC Timestep

5.3

Design Criteria Outcomes and Associated Impacts
The modelling confirms the design achieves 1% AEP flood immunity with a 300 mm
freeboard. However, this is based on the adopted 1% AEP flow, which is shown to
have potential bias between the North Condamine and Condamine River branches.
As such, further investigation is recommended to ensure that the structures at the
North Condamine crossing are not under sized. Furthermore, the inclusion of
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additional existing culvert structures, as well as the correction to culvert source
boundary connections, may alter flood behaviour within the model.
Water level impacts are present and noted in the report with a key focus on sensitive
receptors. However, the reporting of impacts did not focus on the water level of newly
flooded areas. Isolated checks have identified at least two areas that do not meet the
current conformance criteria which are presented in Figure 27 and Figure 28. It is
recommended that water levels in newly flooded areas be assessed to identify any
non-conformance issues.

Figure 27: Condamine Design Afflux 20% AEP Non-Conformance
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Figure 28: Condamine Design Afflux 1% AEP Non-Conformance
The Technical Report has limited commentary on velocity impacts with a focus on
velocity output at structures. Furthermore, only velocities for the 1% AEP design case
are presented. As the report does not present velocities for events more frequent
than the 1% AEP, it is unclear if significant velocity changes occur in those events. It
is recommended that revised maps showing velocity changes between existing and
proposed scenarios are provided for a range of design events to enable appropriate
consideration of this design objective.
There is currently no inclusion of flood hazard or change in hazard present in the
reporting. It is recommended the report identifies flood hazard criteria and then
includes mapping for flood hazard and changes in hazard. Furthermore, appropriate
discussion should be presented if changes are identified.
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5.3.1

Sensitivity tests
No sensitivity testing of bridge blockage was undertaken but it is assumed that all
design bridges, based on the length of the proposed structures, have adequately
large spans and therefore blockage is unlikely to be an issue. No blockage and 50%
blockage of culverts sensitivity runs were completed and indicate similar performance
to the design blockage scenario.
As noted with respect to roughness values, it is recommended that the sensitivity
analysis undertaken to derive the adopted roughness value for crops be reported.

5.3.2

Climate change
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario. However, as there are identified issues with the combined FFA approach,
as detailed in Section 2.7, any changes to the modelling approach to address issues
will impact the climate change sensitivity analysis.
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6

Proposed Design – Local Catchments
The review of the proposed local drainage documented in the model was limited to a
review of the results presented in the FDR and summarised in Appendix E of the
Technical Report.
The local catchment drainage associated with the Condamine River catchment is
relatively minor, with sets of culverts proposed to drain catchment areas of the order
of 307 hectares.
The flood level impacts presented in Table 3 of Appendix D3 of the FDR (and
Appendix E of the Technical Report) indicate that the proposed culverts will result in
an increase in level for the 1% AEP event of up to 0.4 m. the table indicates that the
change in time of inundation for the 1% AEP event will be up to 3.5 hours.
The mapping presented in Appendix D5 of the FDR indicates that the maximum
increase in level will be up to 400mm, outside the railway corridor. The FDR notes
that this is acceptable given the impacts are considered ‘localised’ in comparison to
regional flood impacts. Aerial imagery assessment of the impacted land indicates that
it is classed as agricultural and therefore are within the flood impact objective
requirements.
The flow velocity/shear stress associated with the discharge from the culverts should
be manageable during detailed design by the provision of suitable scour protection
measures.
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7

Conclusions

7.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Condamine River catchment for the Border to Gowrie section of the
Inland Rail project. The proposed rail infrastructure in the Condamine River
catchment consists of 6 (bridge) crossings and 79 RCP and 13 RCBC (a total of 672
cells) crossings.
A summary of the model review is provided in Appendix 1.
The following sections provide an overview of the findings of the review and
recommendations regarding required additional work. The key finding of the review
was in relation to the flow rates associated with design events. Due to the potential
flow distribution issues identified when undertaking the FFA, there may be sections of
the alignment for which waterway structures have been under-sized.
This is of concern in terms of the interpretation of Inland Rail-related flood impacts as
the adoption of higher flows in subsequent design stages will result in greater impacts
(in terms of level, extent and duration of submergence and flow velocities).
Furthermore, if the currently proposed drainage structures were to be retained, the
need to adopt significantly larger drainage structures to provide impacts similar to
those currently nominated, would be required.
In addition to the above issues, the overestimation of flood duration (up to 3 days) for
modelled calibration events requires further justification.

7.2

Major Crossings
An assessment of the hydrological and hydraulic modelling used to assess the
proposed Inland Rail structures located within the Condamine River catchment has
been undertaken. The hydrologic and hydraulic models that were assessed were
URBS and TUFLOW models. The following points show the most significant findings
of the assessment:

7.2.1

Hydrology
In general, the hydrologic model setup is deemed appropriate with the following
comments:
•

The hydrologic model inflows for the existing and design scenario do not differ.
As such, no alterations have been made to account for the rail alignment in the
design scenario. However, due to the flat nature of the terrain surrounding the
alignment and the significant upstream catchment area, this issue may only be
problematic in minor events where break outs do not occur.

•

The URBS model differs from the recommended centroidal inflow approach and
instead routes flow to the downstream end of the sub-catchment. However, this
appears to be accounted for by adjustment to alpha and beta routing parameters
which are lower than would be expected for the Condamine River catchment
characteristics.

•

Analysis of the combined FFA approach shows that it may be preventing the
identification of flow distribution issues between the North Condamine and
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Condamine Rivers. If this issue is occurring upstream of the alignment, this will
likely result in under-sized structures at the North Condamine branch.

7.2.2

•

Initial and continuing loss selection has been based on ARR Data Hub and not
informed by the calibration modelling. There is limited discussion in the Technical
Report as to why this decision was made (i.e. why lower loss values were not
adopted given the lower values derived for the sub-model where a FFA had been
undertaken). However, the chosen values are relatively conservative compared
to the calibrated model run losses and therefore may be appropriate.

•

Critical duration and temporal pattern selection have been undertaken based on
a single discharge point. This may be acceptable due to the size of the upstream
catchment and flat terrain, but sensitivity analysis has not been presented for
justification, and consideration has not been given to smaller tributaries for which
the critical duration will be shorter.

•

ARF calculations could not be replicated with the modelled reductions lower than
expected. However, the difference is minor and results in a conservative outcome
and therefore is unlikely to a significant issue.

Hydraulics
In general, the hydraulic model setup is deemed appropriate with the following
comments:
•

The TUFLOW model adopted model build 2017-09-AC-iSP-w64. It is strongly
recommended that the TUFLOW version be updated to address any bug fixes
addressed in successive versions.

•

The majority of internal inflows are applied along the waterway paths in
combination with the “Read GIS SA ALL” command which negates the routing
calculations undertaken within the hydrologic model as flow is uniformly
distributed along the reach. Remaining internal inflows have been applied as
“lumped” inflow polygons but appear to control flood extents due to the “ALL”
command. This approach may result in artificial widening of flood extents (e.g.
upstream of Saal Road). Furthermore, the Technical Report has limited
discussion on the adopted approach nor any discussion on the splitting of internal
inflows.

•

Ridge lines have included in the TUFLOW model to enforce roadway levels.
However, in some locations there appear to be gaps in this application which
allows flow to pass through roadway embankments.

•

Culverts at some existing minor waterway crossings, especially those under the
Gore Highway, have not been included in the TUFLOW model. Although the lack
of their inclusion may only have minor impacts on extreme flood events, their
impact on frequent flood events may be significant. Therefore, the model should
be updated to include missing culverts to test the sensitivity of results to the
addition of the culverts and for the culverts to be included in future stages of the
project.

•

The “CUMULATE” loss approach has been applied to all design bridges (as
opposed to the default PORTION loss method). This approach is only noted to
produce inconsistent results where the bridge is overtopped (drowned out). This
will likely only cause issues in extreme events, such as the PMF, where the
bridges are overtopped. It is recommended that the default PORTION loss
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method be adopted in future model runs to ensure consistent results in extreme
events.
•

7.3

There are several issues with the modelling approach adopted for the Condamine
(north branch) crossing at the proposed rail alignment. The included issues are
issued below. Further justification regarding these issues is required as it is likely
to impact flood representation in the local area.
o

1% AEP results show a peak velocity in the 1D channel downstream of
the Gore Highway of 7 m/s

o

No HX boundary was used to connect the 1D domain to the 2D domain at
the culvert/weir location

o

The proposed rail bridge has not been represented in the 1D channel

•

The boundary arrangements utilised to link the one-dimensional culverts to twodimensional systems appear to be deficient. The majority of culverts are
connected to the two-dimensional domain using source boundaries (SX) that are
situated away from where the culverts would realistically be connected.
Furthermore, several structures have source boundaries that are too large,
greatly exceeding the internal width of the connected culverts. Both of these
issues are likely an artefact of the 20m grid cell size. Sensitivity testing showing
this does not impact modelling results should be provided. As such, it is
recommended that a finer grid resolution be adopted in future project stages.

•

Cross drainage culvert structures under the rail alignment at one location (north
of Pampas Pit Road) have been represented using two-dimensional layered flow
constriction shapes. Although this is not necessarily incorrect, no justification in
the Technical Report has been provided for this approach. The sizes of these
culverts within the hydraulic model contradict Appendix D3 of the FDR, which
recommends significantly smaller culverts.

Minor Crossings
Minor crossings while present in the hydraulic model are not assessed. The approach
of various hydraulic models to assess minor and major crossings is generally
accepted; however, given the size of some of the proposed systems and the risk of
influence of the crossings, it would be expected in some scenarios that the models
would be combined to assess impacts.

7.4

Advice and Recommendations
Based on the review of the Condamine River model, the following advice and
recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020).

7.4.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
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While general best practice approaches are followed by the studies that are used as
inputs to the assessment, they have not been suitably tailored to the location of the
assessment. A key discrepancy is the FFA approach undertaken and potential flow
distribution issues.
The review identified several issues in relation to the development and application of
the models that could affect the interpretation of the Inland Rail-related flood impacts.
The issues are summarised in Section 7.4.7.

7.4.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The overall extent of the floodplain covered by the flood model is appropriate.
However, in order to address issues with the FFA and improve confidence with the
modelling approach, it is recommended that the hydraulic model be extended to the
Cecil Weir gauge (to improve the assessment at this location). Furthermore, including
Back Creek within the model extent would remove the need for further investigation
into the Back Creek flow distribution or ensuring characteristics of the outbreak are
appropriately represented.

7.4.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
While general best practice approaches are followed by the studies that are used as
inputs to the assessment, they have not been suitably tailored to the location of the
assessment. The events that have been utilised have notable differences between
the recorded and modelled data. Furthermore, there has been significant effort to
calibrate to the 2010 event which has not been replicated for the 2013 event.
Additionally, the use of a combined gauge FFA is not commonly undertaken and
there is limited documentation provided in the Technical Report to support the
approach. Furthermore, FFA undertaken by the Panel for each gauge shows that it
may be preventing the identification of flow distribution issues between the North
Condamine and Condamine Rivers. If this issue is occurring upstream of the
alignment, this will likely result in under-designed structures at the North Condamine.

7.4.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
A partial validation has been undertaken for Condamine River flood models by
reviewing the outcomes at four gauges in three historic rainfall events. Additional
information is potentially required to fully confirm the validation of the model,
including the acquisition of 2013 historic flood levels (if any exist).
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7.4.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area.
Impacts for events up to the 1% AEP event are presented. There are several nonconformances due to the level in newly flooded areas, which are not addressed in the
Technical Report.
Further work needs to be completed to assess if potential impacts associated with
minor crossings are acceptable when considered within the regional flood model.
There is no reporting on the change in hazard.
Missing culvert structures at minor waterway locations may change the flood extents
and subsequently modelled impacts and conformance for frequent events.

7.4.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project.
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to:
•

the completion of sensitivity testing to confirm that identified issues do not result
in a significant change in flood modelling results; and

•

the consideration of the impact associated with the corrected distribution of flow
between the North Condamine and Condamine Rivers.

The necessary additional documentation is detailed in Section 7.4.7.

7.4.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to:
•

the completion of sensitivity testing to confirm that identified issues do not result
in a significant change in flood modelling results; and

•

the consideration of the impact associated with the corrected distribution of flow
between the North Condamine and Condamine Rivers
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It is noted that the modelling completed in relation to the reference design will need to
be modified as part of further design.

7.5

Summary of Findings
Table 7 presents a commentary in relation to the focus areas for the panel identified
in the Terms of Reference for an Independent International Panel of Experts for
Flood Studies of Inland Rail in Queensland (Final, June 2020).
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 8.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 29 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 8 to allow the relative importance of each
issue to be readily identified.
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Figure 29: Flow Chart for Resolution of Identified Issues
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Table 7: Review of Focus Issues
Focus Issue

Satisfied?

Comment

Extent

Applicability and appropriateness for the relevant design stage (e.g.
reference/detailed etc.)

AIR

The extent of modelling is appropriate for the reference design stages.
However, in order to address issues with the FFA and improve confidence
with the modelling approach, it is recommended that the hydraulic model be
extended to the Cecil Weir gauge (to improve the assessment at this
location). Furthermore, including Back Creek within the model extent would
remove the need for further investigation into the Back Creek flow
distribution or ensuring characteristics of the outbreak are appropriately
represented.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable and appropriate
compared with typical similar linear infrastructure projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions
No

Additional documentation and sensitivity modelling is required to confirm that
model arrangements and input parameters are appropriate.

Appropriateness of model calibration process

No

The model calibration process is generally appropriate. However, there is a
strong calibration to the 2010 event with discrepancies seen in the 1991 and
2013 events. Further analysis utilising recorded flood levels for the 2013
event would add confidence to the model calibration.
Additionally, the use of a combined gauge FFA is not commonly undertaken
and there is limited documentation provided in the Technical Report to
support the approach.

Appropriate application of input data (including addressing data gaps)

Yes

Subject to the provision of additional documentation and sensitivity
modelling, input data is generally appropriately applied. However, acquiring
2013 historic flood levels and checking against modelled levels would
improve confidence in the model.

Appropriateness of model arrangements and input parameters
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Focus Issue

Satisfied?

Comment

Assumptions around land-use (crops etc.)

Yes

Acceptable assumptions have been made regarding land-use.

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

Yes

The future events application is appropriate, subject to the potential revision
of design rainfall intensities available for the area, subject to ISCA
requirements in future stages.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.

Application
Appropriate sensitivity analysis to various items e.g. flow inputs, coefficients

AIR

AIR

Appropriateness of change indicators

Appropriateness of structure and embankment representation (depending on the
stage of the design)

Flood frequency analysis

Further sensitivity analysis or additional documentation required to address
various issues raised by the Panel.
Change indicators are generally appropriate, although a more quantitative
approach to changes in velocity and duration of inundation would be of
benefit for the interpretation of results.

AIR

Structures and embankments have been appropriately represented however
some layered flow constrictions (refer section 3.3) are placed inappropriately
and may require revision.

No

The applied combined FFA approach is not common practice. Assessment
undertaken by the Panel for each gauge shows that it may be preventing the
identification of flow distribution issues between the North Condamine and
Condamine Rivers. If this issue is occurring upstream of the alignment, this
will likely result in under sized structures at the North Condamine.

Interpretation

Achievement of design criteria
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AIR

The design criteria have been generally achieved, apart from the flow
distribution bias between the North Condamine and Condamine Rivers, in
which a potential underestimation of peak flow rates at the North Condamine
crossing could be present. This is unlikely to affect the level of the
embankment, which is set well above the relevant design level and
predominantly relates to the sizing of hydraulic structures.
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Focus Issue

Satisfied?

Comment

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessment completed with respect to blockage and climate
change are appropriate.

Confirm Inland Rail-related flood impacts, if any, are comprehensively quantified
and interpreted to their local property context

AIR

While impacts are quantified, the impacts are based on flows that have
potential distribution issues and may be underestimating peak flows at the
alignment. To identify if there are potential flow distribution issues sensitivity
testing needs to be undertaken to ensure flood related impacts are
comprehensively quantified.

Appropriateness of the alignment, with regard the related flood impacts, within the
current EIS Study Corridor

AIR

The alignment results in some impacts in exceedance of the design
tolerances prescribed. While the results may be appropriate, as little to no
discussion on the ability to reduce the impacts is presented it is difficult to
state if the impacts are satisfactory.

Consider whether reasonable and practical steps have been taken to mitigate
flood impacts, if any, outside of the project boundary

AIR

Insufficient information has been provided to the Panel in relation to the
efficacy of the adopted mitigation measures and the justification for
additional mitigation not being required and/ or practicable.

No

It will be necessary to complete additional analyses and to refine the models
in the detailed design phase. It is also recommended that it will be necessary
to consider higher flow rates in the detailed design phase for the North
Condamine River which may affect the sizing of hydraulic structures and
associated scour protection.

Additional information that would be required to be addressed in the Detailed
Design phase of the program
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Table 8: Summary of Identified Issues
Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Low

Further sub-division of subcatchments and adjustment of
catchment boundaries to reflect
areas upstream and downstream of
the alignment is necessary. This will
likely influence the modelled
hydraulic behaviour within the model
as well as its interaction with the
proposed design.

High

Calibration models define the model
parameters and setup of design
storm event models. Therefore, this
process has direct impact on design
model results.

High

As the current fit to gauged levels is
not infallible, it is important that
verification aids in model calibration
confidence.

Assumptions

C1

The existing scenario hydrologic
model has been used with
minimal alteration to account for
local features.

C2

The joint calibration generally
presents a reasonable match to
gauged peak water levels.
However, there are
discrepancies between the 1991
and 2013 event gauged peak
water levels. Furthermore, there
are significant differences in
recorded versus modelled shape
and timing of peaks.

C3

The comparison between the
2010 flood mark levels and
modelled levels shows a bias
towards underestimation of
levels. There is also no inclusion
or discussion regarding
validation to 2013 historic flood
marks.
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2.3.2

The model has not been
revised to consider the
presence of the rail
alignment.

4.1

The benefit provided by
calibration and
confidence in the
modelling is dependent
on the its ability to
replicate multiple events.

4.1

Validation against flood
mark levels aim to
improve confidence in
the modelling.
Considering the bias
towards underestimation,
validation to 2013 flood
marks may improve
confidence.

Not correctly accounting for flow
upstream and downstream of the
cross-drainage can result in the
over or under-estimation of
discharge at a drainage
structure.

The current fit to gauged levels,
although reasonably
approximating peak levels for
most events at most gauges, still
has enough discrepancies to
undermine confidence in the
model setup.

Verification to historic flood
marks should add confidence to
the model calibration. As the
validation to the 2010 event
shows bias towards
underestimation of water levels,
either further analysis and
justification is required or
validation against 2013 flood
mark levels.
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Item
No.

C4

Item/Issue

Critical duration and temporal
pattern selection are based on a
single discharge location. It has
therefore not been adjusted to
assess different locations of
interests throughout the
alignment.

C5

The ARF appears to have been
set based on each of the submodel extents. It has therefore
not been adjusted to assess
different locations of interests
throughout the alignment.
Furthermore, the adopted submodel ARF values could not be
replicated.

C6

The adopted approach for
applying internal design flow
inputs does not follow standard
practice. The inflow polygons
either negate the routing
calculations undertaken within
the hydrologic model.

Reference
Section

2.6

Relevance to
Assessment

The correct selection of
the critical duration and
temporal pattern (in
accordance with ARR)
indicates the project
approach conforms to
industry standard and
guidance.

Impact on Design

The incorrect selection of critical
duration and temporal pattern
has the potential to over or
underestimate flow rates and
affects the design of hydraulic
structures and potential impacts.

2.6

The correct application of
the ARF value (in
accordance with ARR)
indicates the project
approach conforms to
industry standard and
guidance.

The incorrect application of ARF
has the potential to over or
underestimate flow rates and
affects the design of hydraulic
structures and potential impacts.

3.7

The incorporated inflow
locations may influence
the results with respect
to timing and flood
extents.

May influence flood extents and
peak flow at critical locations
which may require changes to
the design or modelled results.

Level of
Importance

Reason for Adopted Level of
Importance

High

It is likely that adjustment to locations
of interest, will cause limited change
to the adopted critical duration and
temporal pattern due to catchment
characteristics. However, incorrect
selection of the critical duration and
temporal pattern may not conform to
industry standards and will affect
both the design of culverts and
impact outcomes of the project.
Therefore, both sensitivity analysis,
to justify the chosen approach, and
documentation of the methodology is
recommended.

High

It is likely that adjustment to locations
of interest, similar to the critical
duration and temporal pattern
selection, will cause limited change
to the adopted ARF values due to the
catchment characteristics. However,
incorrect application of ARF may not
conform to industry standards and
will affect both the design of culverts
and impact outcomes of the project.
Therefore, both sensitivity analysis to
justify the chosen approach and
documentation of the methodology is
recommend.

High

The internal flow application will likely
influence the modelled hydraulic
behaviour as well as its interaction
with the proposed design. Sensitivity
testing and further justification is
required..
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Item
No.

Item/Issue

C7

The URBS model differs from the
recommended centroidal inflow
approach and instead routes flow
to the downstream end of the
sub-catchment.

C8

Initial and continuing loss
selection has been based on
ARR Data Hub and not informed
by the calibrated modelling that
was undertaken.

C9

C10

The TUFLOW model
incorporates a forced model
build of 2017-09-AC-iSP-w64.

Ridge lines have been included
in the TUFLOW model to enforce
roadway levels. However, in
some locations, there appears to
be gaps in this application which
allows flow to pass through
roadway embankments.
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Reference
Section

Relevance to
Assessment

Impact on Design

2.4

This approach goes
away from the software
use recommendations
and results in
unexpected parameter
values.

As this approach has been used
consistently throughout the
model and a consistent alpha
and beta parameter modification
has been undertaken, it is
unlikely to have significant
impact.

2.6

Calibrated modelling is
typically undertaken to
inform the design model
parameter selection.

The chosen IL/CL parameters,
although not based on the
calibrated models, generally fall
in a similar range (or more
conservative than) the calibrated
model parameters.

3.2

A currently superseded
version of TUFLOW has
been used for this
assessment. More recent
versions of TUFLOW are
available (and used in
other sections of this
project).

It is expected that modifying the
version of TUFLOW will only
result in minor changes to results
but without sensitivity testing this
is unable to be verified.

The issue is only likely to
present local flood model
result differences in
frequent events.
However, it may change
flood extents and water
levels in these areas.

This is unlikely to have a
significant impact on the design
as infrastructure has been sized
based on the 1% AEP event
(where this issue is not
significant). However, as it has
the potential to impact result
extents in frequent events it
could potentially trigger areas of
non-conformance.

3.3

Level of
Importance

Reason for Adopted Level of
Importance

Low

This issue appears to be accounted
for by adjustment to alpha and beta
routing parameters which are lower
than would be expected for the
Condamine River catchment
characteristics. The alpha and beta
modifications likely address the
chosen approach.

Low

There is limited discussion in the
Technical Report as to why this
decision has been made. However,
the chosen values are relatively
conservative compared to the
calibrated model run losses and
therefore are deemed acceptable.

Low

Advice from TUFLOW recommends
that the TUFLOW version be updated
to address any bug fixes addressed
in successive versions. This should
be updated in future stages of the
project.

Low

The risk of triggering areas of nonconformance is relatively low.
Additionally, this issue is not likely to
cause any change to cross drainage
design.
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Item
No.

Item/Issue

C11

Culverts at existing minor
waterway crossings, especially
those under the Gore Highway,
have not been included in the
TUFLOW model.

C12

The “CUMULATE” loss approach
has been applied to all design
bridges (as opposed to the
default PORTION loss method).

C13

There are several issues with the
modelling approach adopted for
the Condamine (north branch)
crossing at the proposed rail
alignment. these issues include
high velocity results presented in
the 1% AEP event, missing HX
boundaries and no
representation of the proposed
rail bridge in the 1D channel.

Reference
Section

Relevance to
Assessment

Impact on Design

3.5

The assessment should
include all significant
existing hydraulic
infrastructure as it will
impact both the existing
and design flood model
results.

The missing existing culverts
may only have minor impacts on
extreme flood events, their
impact on frequent flood events
may be more significant. This
could result in changes in flood
extents and water levels.

3.9

The adopted loss
approach for bridge
structures is not
recommended by the
software manufacturer
unless justified.

This approach is only noted to
produce inconsistent results
where the bridge is overtopped
(drowned out). This will likely
only cause issues in extreme
events, such as the PMF, where
the bridges are overtopped

3.6

Correct representation of
key waterway crossing is
critical to the model
results.

The combination of these issues
undermines confidence in the
representation of results in this
area. However, it is unclear if
addressing these issues with
impact the overall model results.

Level of
Importance

Reason for Adopted Level of
Importance

High

The inclusion of the missing existing
culverts could change flood results in
frequent events. The model should
be updated to test the sensitivity of
the model and the missing culverts
included in future stages of the
project.

Low

As the rail alignment has immunity up
to the 1% AEP (with freeboard), this
approach will only impact extreme
event results (such as the PMF). It is
recommended that the default
PORTION loss method be adopted in
future model runs to ensure
consistent results in extreme events.

High

Sensitivity testing is required to
ensure that these issues do not
cause significant changes to model
result.
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Item
No.

Item/Issue

C14

The boundary arrangements
utilised to link the onedimensional culverts to twodimensional systems appear to
be deficient.

C15

Cross drainage culvert structures
under the rail alignment at one
location (north of Pampas Pit
Road) have been represented
using two-dimensional layered
flow constriction shapes.

C16

Limited documentation provided
for sensitivity modelling
undertaken with respect to the
interaction of Back Creek and
the Condamine.
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Reference
Section

Relevance to
Assessment

Impact on Design

3.9

The majority of culverts
are connected to the twodimensional model using
source boundaries (SX)
that are situated away
from where the culverts
would realistically be
connected. Furthermore,
several structures have
source boundaries which
are too large, greatly
exceeding the internal
width of the connected
culverts. Both of these
issues are likely an
artefact of the 20 m grid
cell size.

As the culverts represent a
significant proportion of cross
drainage through the alignment,
adjustment to a large number of
culverts could change model
results both locally (immediately
upstream and downstream of the
alignment) and regionally
(throughout a large portion the
model extent).

3.9

This approach differs
from approach
undertaken for all other
cross drainage culvert
structures. It is unclear
why an alternative
approach was required.

Assuming the modelling
approach has been undertaken
for justifiable reasons and the
approach provides a reasonable
representation of the culverts,
there will be no change to model
results.

2.6

The sensitivity
assessment included a
highly conservative
amalgam of the peak
flow from the Back Creek
catchment and the peak
flow in the Condamine
River. The report
indicates that the impacts
obtained in all cases
were negligible.

Although the report suggests the
impacts were negligible, further
documentation is required to
ensure this is correct. If
inadequate this may impact
conformance to FIOs.

Level of
Importance

Reason for Adopted Level of
Importance

High

Sensitivity testing showing this does
not impact modelling results should
be provided. As such, it is
recommended that a finer grid
resolution be adopted in future
project stages.

Medium

Although this approach is not
necessarily incorrect, no justification
in the Technical Report has been
provided for this approach.

Medium

The sensitivity assessment
completed with respect to Back
Creek is considered to be
appropriate, subject to confirmation
that the inflow used for Back Creek
was that derived from the Back
Creek model and provision of the
impact mapping to confirm the
negligible impact nominated in the
Technical Report.
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Item
No.

Item/Issue

C17

Limited information provided for
crop Manning’s roughness
selection.

C18

Flow distribution differences
across the floodplain between
the Back Creek model and
Condamine model is currently
not addressed. Furthermore, flow
outbreaks (from Back Creek)
occur in extreme events which
are not reciprocated in the
Condamine model
.

Reference
Section

Relevance to
Assessment

Impact on Design

3.4

Justification for the
predominate roughness
parameter selection is
required.

As the selected crop roughness
of 0.1085 is applied across a
significant area of the model,
justification for the selection
should be provided as it will
impact model results.

3.8

While the temporal
patterns and critical
durations applicable to
the two catchments can
be expected to differ due
to the different catchment
areas being considered,
there remains a need to
ensure that the flow and
its distribution across the
floodplain are
reasonably.

The current modelling does not
justify the current differences in
flow distribution between the
Condamine and Back Creek
models. This difference indicates
that there could be
misrepresentation in one or both
models which would change the
model results and potentially
impact conformance to FIOs.

Level of
Importance

Reason for Adopted Level of
Importance

Low

It is noted that sensitivity modelling
was undertaken to select the crop
Manning’s parameter but limited
details are provided. This should be
addressed in the Technical Report to
ensure the selection is defendable.

Low

Including Back Creek within the
model extent would remove the need
for further investigation into the Back
Creek flow distribution or ensuring
characteristics of the outbreak are
appropriately represented.

Very High

The Condamine system is complex
and it is highly important to ensure
that the model provides a reasonable
representation of the area. In order to
address this and improve confidence
with the modelling approach it is
recommended that the hydraulic
model be extended to the Cecil Weir
gauge in order to improve the
assessment at this location.
Furthermore, a more detailed
analysis of the 2013 event, including
recorded flood levels would provide
more rigor to the calibration.

Application

C19

Analysis of the combined FFA
approach shows that it may be
preventing the identification of
flow distribution issues between
the North Condamine and
Condamine Rivers.

2.7

If this issue is occurring
upstream of the
alignment, this will likely
result in under designed
structures at the North
Condamine.

This could result in a need to
redesign structures across the
alignment or trigger current nonconformances in the current
proposed design.
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Item
No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Medium

Sensitivity testing should inform the
approach therefore further discussion
is required to the value this testing
has provided.

Very High

Further justification required as to
why these issues have not been
either identified or if they have, have
not been addressed.

High

Sensitivity testing required to justify
separation of minor and major
crossings to ensure there is no
interaction and subsequently no
impact to the design.

Very High

To ensure that the level of detail in
the report is sufficient to describe the
work undertaken and adopted
measures.

Interpretation

C20

Sensitivity testing has been
undertaken for climate change
and blockage factors but does
not appear to have resulted in
any changes to the design.

C21

Impacts for events up to the 1%
AEP event are noted in most
areas. However, there are
several impacts greater than the
flood impact objectives due to
newly flooded areas which have
not been reported.

C22

Further work needs to be done to
assess if potential impacts
associated with minor crossings
are acceptable when considered
within the regional flood model

C23

Level of detail in Technical
Report
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5.3

Sensitivity testing
currently not used in
assessment.

N/A

5.3

Several unmanaged
impacts remain as part of
the proposed design

Removal of the impacts may
require rework of the design.
However, if landholders have
already been consulted, this may
not be required.

5.3

Due to the size of several
of the minor crossings, it
is possible that
interaction between the
major and minor
crossings occurs.

The modelling approach
undertaken may not reflect
interaction of flow and
consequently hydraulic
characteristics at critical
locations.

7.1

Technical Report needs
to include a significant
level of detail to describe
the modelling undertaken
and results achieved to a
sufficient level of detail.

Without additional detail, there
are uncertainties in relation to
the level of detail of the
modelling and its
appropriateness.
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Appendix 1 Model Review Summary Tables
Table 9: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results be
reproduced

Yes

Not confirmed directly in
report but implied.

3h

Catchment extent

Yes

Section 2.3

4h

Sub-catchment delineation

Yes

Section 2.3

5h

Model catchment areas

Yes

Section 2.3

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

Section 2.5 main
parameters but not slope,
roughness.

7h

Adopted Parameters - routing

Yes

Section 2.4

8h

Adopted Parameters - losses

Yes

Section 2.4

9h

Adopted Parameters - runoff coefficient

N/A

Design Representation

1d

Sub-catchment changes to represent design

Yes

Section 2.3 (they have not
changed anything in postdev case)

2d

Model parameter changes to represent design

Yes

Section 2.4 (no changes
in hydrology for post-dev
case)

Flood Frequency Analysis
1f

Gauge records available

Yes

Section 2.2

2f

Gauge record length suitable for FFA

Yes

Section 2.7

3f

Compare design flow estimates to FFA

Yes

Section 2.7

4f

Annual Maximum Series

No

Section 2.7

5f

Number of years input to FFA calculation

Yes

Section 2.7

6f

Historical events

Yes

Section 4

7f

Censoring and filters

N/A

8f

Probability distribution

Yes

Not confirmed directly in
report but implied.
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Item No.

Description

Checked

9f

Low flow filtering

N/A

Additional Information

Calibration
1c

Model Calibration/Validation

Yes

Section 4

2c

Calibration data

Yes

Section 4

3c

Calibration events and magnitude

Yes

Section 4

4c

Review rating curves

N/A

Not confirmed directly in
report but implied.

ARR 2016/2019
1a

Design flow estimates sufficient

AIR

Section 2.6 and 2.7

2a

Use of ARR 2016/2019

Yes

Sections 2.6, 3.9, 7.4

3a

Critical duration

Yes

Section 2.6

4a

Mean temporal pattern selection

Yes

Rank 5 selected. Section
2.6

5a

IFD rainfall data

Yes

Checked but not stated in
text- also query on
reliability of data- Section
2.6

6a

Temporal pattern zone

Yes

Section 2.6

7a

Areal varied patterns

Yes

Checked but not stated in
text

8a

Areal reduction factors

Yes

Section 2.6

9a

Design rainfall losses - Calibration events

Yes

Section 4

10a

Design rainfall losses - ARR data hub

Yes

Section 2.6

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

Section 2.7

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.7

3am

Is the RFFE appropriate for the catchment

N/A
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Table 10: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can results be reproduced

Yes

Not confirmed directly in
report but implied.

3h

Model extent

Yes

Section 3.7

4h

Model setup

Yes

Sections 3

5h

Model boundaries

Yes

Section 3.7

Control
1c

TUFLOW run log

Yes

Not provided but not
documented in review

2c

TUFLOW Version

Yes

Provided but not documented
in review

3c

Solver

Yes

Section 3.2

4c

Timestep

N/A

HPC version used

5c

Materials/roughness definition

Yes

Section 3.4

6c

TUFLOW Materials File

Yes

Provided but not documented
in review

7c

Direct Rainfall - Losses

N/A

Calibration
1c

Model Calibration/Validation

Yes

Section 4

2c

Calibration data

Yes

Section 4

3c

Calibration events and magnitude

Yes

Section 4

Events and Scenarios

Yes

Section 2.6

1% AEP

Yes

Section 5.3

Climate change

Yes

Section 5.3

Blockage

Yes

Section 5.3

Extreme events

Yes

Section 5.3

Other sensitivity assessments

No

Section 5.3

Start and end times

No

Not detailed

Events and Scenarios

1e

2e
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Item No.

Description

Checked

Additional Information

3e

Initial conditions

Yes

Not detailed

4e

Event text

Yes

Not detailed

5e

Scenarios and variables

NA

Not detailed

Boundary Conditions
1b

Inflow location

Yes

Section 3.7

2b

Inflow values

Yes

Not detailed

3b

Boundaries

Yes

Section 3.7

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

Section 3.9.4

6b

1D connections

Yes

Section 3.9.4

7b

Channel connections

Yes

Section 3.6

8b

Active cells

NA
Geometry

1g

Cell orientation

No

Not relevant

2g

2D active cells

Yes

Implied not detailed

3g

Model extent

Yes

Section 3.7

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

No change from existing

6g

Elevation raster check

Yes

Section 3.3

7g

Bridge representation

Yes

Section 3.9.3

8g

Breaklines

Yes

Implied not detailed

9g

Topographic modifications

Yes

Section 3.9

1D Network – Existing
1e

1D input check

Yes

Section 3.9.4

2e

Cover check

Yes

Implied not detailed

3e

1D continuity

Yes

N/A

4e

1D locations & sizing

Yes

Section 3.9.4

5e

1D losses

Yes

Implied not detailed

6e

1D blockage

Yes

Section 3.9.4
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Item No.

Description

Checked

Additional Information

7e

1D connection type

Yes

Section 3.9.4

8e

1d connection grid cell check

Yes

Section 3.9.4

9e

1d network invert levels & outlet check

Yes

Section 3.9.4

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA
Design Representation

1d

1D locations & sizing

Yes

Section 3.9.4

2d

1D input check

Yes

Section 3.9.4

3d

Cover check

Yes

Implied not detailed

4d

1D continuity

Yes

N/A

5d

1D blockage

Yes

Section 3.9.4

6d

1D connection type

Yes

Section 3.9.4

7d

1d connection grid cell check

Yes

Section 3.9.4

8d

1d network invert levels & outlet

Yes

Section 3.9.4

9d

Bridge representation

Yes

Section 3.9.3

10d

Topographic modifications

Yes

Section 3.9

11d

Design criteria flood level impacts

Yes

Section 5.3

12d

Design criteria duration of flooding impacts

No

13d

Design criteria hazard category impacts

Yes

Not detailed

14d

Design criteria velocity and flow direction impacts

Yes

Not detailed

Results
1r

Can results be replicated

Yes

Not detailed

3r

Review negative depths

Yes

Not detailed

4r

Review timestep outputs for HPC

No

5r

Check raster outputs for irregularities

Yes

Implied
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Westbrook and Dry Creeks by the Future Freight Joint Venture (FFJV) in support of
the draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR)
for the Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 6.5. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.

1.2

Catchment Extent
Figure 1 shows the catchment of Westbrook and Dry Creeks.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Toowoomba Regional Council local government
area.
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Dry Creek

Westbrook Creek

Spring Creek

Figure 1: Westbrook and Dry Creeks Catchment Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.

1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed five relevant previous
studies that were coincident with the Westbrook and Dry Creeks study area:
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1.5

•

Work Package 8 – 2D Flood Study for Westbrook – Final Report. (DHI, 2014)

•

Spring Creek Flood Study – Rev 2. (Toowoomba Regional Council, 2017)

•

2D Flood Study for Dry Creek. (Toowoomba Regional Council, 2015)

•

Engineering Report Hydraulic Assessment – Westbrook Creek Wellcamp Project
No 10525. (RMA Engineers Pty Ltd, 2015)

•

Inland Rail Yelarbon to Gowrie, Corridor Options Report. (AECOM, 2017)

Scope of the Review
This review assessed only the regional flooding models of the Westbrook and Dry
Creeks section of B2G between Ch 187.55 km and Ch 202.63 km. Specifically, the
Westbrook and Dry Creeks URBS models and the Westbrook and Dry Creeks
TUFLOW model.
There are two local catchment TUFLOW models between Ch 187.55 km and Ch
202.63 km, which are described in the drainage section of the FDR (Future Freight
Joint Venture, January 2020).
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2

Hydrological Model Review

2.1

Overview
FFJV developed a new XPRAFTS (version 2018.1.2) hydrological model for the
Gowrie Creek catchment, located to the north of the Westbrook and Dry Creeks
catchment. For the development of the Westbrook and Dry Creeks XPRAFTS model,
the calibrated parameters of the Gowrie Creek hydrologic model were adopted as
guidance along with the ARR 2016 Data Hub. The Gowrie Creek catchment is
gauged with a suitable gauge record for which a detailed Flood Frequency Analysis
was undertaken. It is appropriate and recommended to inform the XPRAFTS model
parameters for the ungauged Westbrook and Dry Creeks catchments from the
calibrated Gowrie Creek catchment XPRAFTS model.
The hydrologic modelling approach is suitable and uses an industry standard
modelling package. The model is split into 40 sub-catchment areas, with 30 (partially
or fully) located upstream of the proposed alignment. A map showing the hydrological
sub-catchments are presented in Figure 2.

2.2

Data

2.2.1

Stream Gauge Data
No stream gauges are present within the Westbrook or Dry Creeks catchments.

2.3

Catchment Delineation

2.3.1

Existing
Sub-catchment areas range from 2.5 km2 to 25 km2. Catchments in XPRAFTS should
generally be kept as similar in size as possible to ensure consistent routing through
the model. The variable catchment size is unlikely to cause any concerns at the rail
alignment location.
The proposed rail alignment bisects several catchments. It is recommended to split
catchments at the alignment location to allow the model to accurately estimate the
discharge upstream and downstream of the alignment. The inflow from these
catchments has been split within the hydraulic model with an appropriate portion of
each sub-catchment flows input at the correct location. Although this is not the
recommended approach it is considered appropriate for this study.

2.3.2

Developed
No changes were made to the sub-catchment delineation between the existing and
the developed condition model in accordance with standard practice.
The hydrological model is considered to be fit for purpose.
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Figure 2: Proposed Alignment and Westbrook and Dry Creeks SubCatchments

2.4

Model Parameters
The Westbrook and Dry Creeks XPRAFTS model adopted the split catchment
methodology whereby the first sub-catchment is used to represent the pervious area
while the second sub-catchment represents the impervious area. This allows for
separate rainfall loss and roughness values to be applied to each category.
Catchment slope values were checked and found to be similar to the catchment
slope based on elevation data available for the catchment. Reasonable values were
adopted for the hydraulic roughness with impervious areas set to have a Manning’s
‘n’ value of 0.015 and the pervious areas set to a value between 0.035 and 0.05,
depending on the land use category.
The Areal Reduction Factor (ARF) has been set based on the focal location of the
alignment crossing over the main Westbrook Creek channel which is located
upstream of the confluence of Westbrook and Dry Creeks.
Three loss models were adopted within the XPRAFTS model. The impervious area
adopted the standard 1mm initial loss with 0mm continuing loss while the pervious
area losses differed depending on the location of the sub-catchment and the
magnitude of the design flood event. The losses were varied for the design events to
provide a better correlation to the Regional Flood Frequency Estimates (RFFE). The
losses reduced with AEP, with the extreme events having the lowest losses.
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The losses were informed from the Gowrie Creek calibrated model and the ARR Data
Hub and modified to provide a better correlation between the adopted design
discharges and the Regional Flood Frequency Estimation (RFFE) Model. The
adopted losses and calibrating to the RFFE is appropriate for the ungauged
Westbrook and Dry Creeks catchments, but it was noted that the continuing loss
rates were generally lower than existing nearby flood study loss rates, possibly
indicating that the adopted continuing loss rates are too low.
Routing in the XPRAFTS model was done by adopting a travel time and Muskingum
routing coefficient ‘x’. The adopted travel time was checked by the Panel for several
reaches of the model which indicated estimated flow velocities of 1.6 m/s to 2 m/s,
which are reasonable. Table 1 provides a summary of the reported and utilised
XPRAFTS parameters.

Table 1: Reported XPRAFTS Parameters
Parameter

XPRAFTS Model

Storage Coefficient (Beta ‘x’)

1

Catchment Roughness – Pervious

0.035 – 0.05

Catchment Roughness – impervious

0.015

Initial Loss
Pervious (town)
Pervious (rural)
Impervious

0 – 15 mm
0 – 35 mm
1

Continuing Loss
Pervious (town)
Pervious (rural)
Impervious

1 mm/hr
1 – 1.5 mm/hr
0 mm/hr

The reported values are default values which are reasonable and consistent with
other studies in the area.

2.5

Design Discharges
Ten different synthetic temporal patterns were modelled per design event duration
and magnitude, which is consistent with the latest Australian Rainfall and Runoff
(ARR). The Intensity-Frequency-Duration (IFD) information used in XPRAFTS was
checked against BoM estimates and found to be correct. Four spatially varying
Intensity-Frequency-Duration (IFD) locations were adopted to cover the catchments,
which provides adequate spatial coverage to model the IFD variation across the
catchments.
Areal reduction factors (ARF) were adopted for the entire Westbrook and Dry Creeks
catchments at a point discharging to the main rail crossing near the confluence of the
two creeks. This is an appropriate ARF methodology for the main crossing of the
alignment over Westbrook and Dry Creeks. However, it may not be appropriate for
the smaller tributaries of Westbrook Creek that cross the alignment.
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The model provided was set up to run storm durations of up to 12-hours. This is
longer than the critical duration at the outlet, which is the 9-hour event for the 1%
AEP design flood. Tributaries of Westbrook Creek cross the alignment at several
locations in the upper catchment. These have a different critical duration than the
main waterway crossing.
Overall, six different temporal patterns over three durations were assessed in the
hydraulic model. It is noted that the technical report states the 12-hour event is critical
at the outlet. However, a review of the model indicates that the 4.5-hour duration is
the critical duration as shown in Figure 3. This is not considered an issue as the
critical durations at the alignment are correct and it is likely a reporting issue.

4.5 hour event critical at the
catchment outlet (S1.15)

Figure 3: 1% AEP Critical Duration and Pattern Results
FFJV checked the adopted design discharges against the RFFE on Westbrook and
Dry Creeks immediately upstream of the confluence and also immediately
downstream of the confluence. While there was some variation between the
estimates for the more frequent events, the 1% AEP comparison was within 6% at
each of the comparison locations. For the more frequent events, the design
discharges were greater than the RFFE estimate providing a conservative estimate in
terms of peak flow compared to the RFFE.
The adopted design discharges are appropriate for this assessment.
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3

Hydraulic Model Review

3.1

Overview
The Westbrook and Dry Creeks hydraulic model was set up on a 5 m grid and run
using TUFLOW HPC version 2017-09-AC-iSP-w64 which was released in October
2017. The hydraulic model was used to determine flood levels under existing and
proposed conditions for the following design flood events:

3.2

•

20% AEP

•

10% AEP

•

5% AEP

•

2% AEP

•

1% AEP

•

1 in 2,000 (0.05%) AEP

•

1 in 10,000 (0.01%) AEP

•

PMF

Topography
The existing case Westbrook and Dry Creeks hydraulic model adopted 1m resolution
LiDAR captured in 2015 in combination with a levee design for the Wellcamp airport,
which was likely completed after LiDAR was captured. The developed case model
topography was modified by including the proposed embankment design, inclusion of
bridge abutments and proposed drainage works.
No field survey data has been used in the development of the TUFLOW model.

3.3

Roughness
The roughness layer within the Westbrook and Dry Creeks hydraulic model extent is
relatively simplistic, however appropriate for the assessment. The hydraulic
roughness is separated into roads, development areas, waterway and open space,
which covers the vast majority of the area. The adopted categories and Manning’s ‘n’
values are noted in Table 2. The roughness delineation and adopted hydraulic
roughness are appropriate for the purpose of the modelling undertaken.
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Table 2: TUFLOW Model Roughness Values

3.4

Category

Manning’s ‘n’

Roads

0.025

Development Areas (e.g. residential houses)

0.083

Waterway

0.033

Open Space

0.05

Existing Structures
The existing conditions model did not have any hydraulic structures included. There
are hydraulic structures within the existing model domain, including the bridge over
Westbrook Creek on Toowoomba Cecil Plains Road, approximately 1.3km upstream
of the alignment Crossing. However, these structures are not required for hydraulic
modelling purposes and the discharge within the waterways at each alignment
crossing is likely unaffected by the omission of these structures in the model.

3.5

Boundary Conditions
The Westbrook and Dry Creeks TUFLOW model extent, external inflow, internal
inflow and downstream boundary locations are shown on Figure 4. Several inflow
locations were input on the boundary of the TUFLOW model extent, with the
remaining inflow input as local TUFLOW ‘SA’ inflow locations, which is an acceptable
and recommended methodology.
The downstream boundary uses an automatically calculated stage-discharge (‘HQ’)
boundary with an assumed waterway slope of 1%. The actual water surface slope
was found to be shallower at approximately 0.3%, however, due to the distance from
the area of interest the steeper slope will not affect the water surface levels near the
alignment.
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Figure 4: TUFLOW Boundary Setup
Where the alignment splits internal sub-catchments within the model domain a
portion of the sub-catchment flow is input upstream of the alignment with the
remainder input at the catchment outlet. The proposed alignment runs along the
upper western portion of the Westbrook Creek catchment. Figure 5 shows the
Source-Area (SA) inflow locations where inflows are applied directly onto the model
cells located within the digitised polygon. The red rectangles highlight the portion of
the subject catchment which has been applied upstream of the alignment. The
proportion of area upstream of the alignment and the amount of sub-catchment inflow
input upstream of the alignment are noted in Table 3. The area proportion is similar to
the proportion of discharge and the minor differences are not an issue.
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Figure 5: TUFLOW Split SA Inflow Locations

Table 3: Sub-catchment Inflow Proportions
Sub-Catchment

Proportion of Area Upstream of
Alignment

Proportion of Inflow Input
Upstream of Alignment

S6.02

52%

66%

S7.01

58%

51%

S8.01

75%

81%

3.6

Developed Conditions Model

3.6.1

Rail Alignment
The rail alignment crest is appropriately modelled using a DEM of the alignment that
is embedded directly into the hydraulic model. The alignment includes cutting along
the alignment to around below existing levels 18 m and filling to 11 m above existing
levels.
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3.6.2

Road Upgrade
There are no proposed road upgrades within the hydraulic model as part of the rail
works.

3.6.3

Proposed Bridges
There are four bridges proposed along the alignment. Three bridges near the
confluence of Westbrook and Dry Creeks and one over Toowoomba Cecil Plains
Road to the west of the main Westbrook Creek channel. The bridges and culvert
structures included in the model are noted in Figure 6.
The bridges were represented within the TUFLOW model as layered flow
constrictions. These layers are used within TUFLOW to automatically estimate the
flow losses through a constriction based on the geometry and blockage caused by
the constriction. Whilst no detailed bridge pier or deck level data has been provided,
the layered flow constrictions appear to have appropriate values to represent piers
and a 2m thick, fully blocked bridge deck.

Three culvert
banks

Two culvert
banks

Figure 6: Proposed Alignment and Hydraulic Structure Locations
(blue dots are culvert banks, red dots are bridges)
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3.6.4

Culverts
Seven banks of culverts are present within the hydraulic model setup. The culverts
are located along the upper western Westbrook Creek catchment and are shown
previously in Figure 6.
All culverts adopted a 25% blockage, which is in line with ARR19 and the guidelines
for the study. A sensitivity with 0% blockage was also undertaken.
The culverts are incorporated into the hydraulic model via 1d elements. A general
review of the setup of the culverts found the approach is reasonable and accords with
general best practice. No ESTRY Control File or 1D results were provided, therefore
the developed 1D results have not been checked, including stability of culverts.

3.6.5

Diversion Drain
A diversion drain is proposed between Ch 190.66 km and Ch 190.81 km. This drain
diverts the local catchment approximately 150 m north to the nearest cross-drainage
structure (C190.81). The diversion was necessary because the alignment does not
cross the flow path perpendicularly.

3.7

Calibration
No calibration was performed for the hydrologic or the hydraulic models. The existing
Dry Creek Flood Study, Glenvale Flood Study, Westbrook Creek Flood Study and
Westbrook (Township) Flood Study models were calibrated to a small amount of data
for the January 2011 (Dry Creek, Westbrook Creek and Westbrook Township) and
March 2014 (Glenvale) events. No comparisons were made between the hydrologic
or hydraulic models and these existing models. Consideration should be given to
comparing the resultant models against these existing models.
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4

Proposed Design Results

4.1

General
The proposed design and associated results are provided within the report. In
general, the results of the modelling indicate that the impacts of the rail alignment are
manageable or acknowledged. The alignment provides a 1% AEP immunity as
required. The model is deemed suitable for impact assessment.

4.2

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a moderately large variance in the simulation timestep for at
least one event (as shown in Figure 7). It is expected that this can be attributed to the
version of the software available when modelling commenced (2017-09-AC-iSPw64). Limited testing undertaken by the Panel using the latest version of TUFLOW
(2020-10-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.

Figure 7: Design Case 1% AEP 4.5hr Temporal Pattern 08 HPC Timestep

4.3

Design Criteria Outcomes and Associated Impacts

4.3.1

Flood Impacts
Changes to flooding behaviour were assessed by comparing the developed case
results against the existing case results. Potential changes to peak flood levels,
duration of inundation, velocities and peak flows within the floodplain were checked.
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There are several flood sensitive receptors located adjacent to the main rail crossing
over the confluence of Westbrook and Dry Creeks, which include agricultural
structures, such as sheds, and residential houses.
Based on the modelling, the proposed design will not cause any increase in flood
level on the flood sensitive receptors. However, there will be minor increases in flood
level on Brimblecombe Road, which crosses Dry Creek near the alignment. A map
showing the area of impacts is presented in Figure 8. The area where the impacts
occur are not at the deepest section along the road, which occurs to the south-west
of the impact area. Therefore, the minor increase in flood level will not reduce the
trafficability of the road and is unlikely to be an issue. There are also minor impacts
noted on the state controlled Toowoomba Cecil Plains Road. As noted in the report,
the impacts are minor and do not affect the trafficability of the road. The impacts on
the road are negligible and are not considered an issue.

Minor impacts up
to 25mm on road

Brimblecombe
Road

Figure 8: 1% AEP Hydraulic Impacts at Westbrook and Dry Creeks
Confluence1
The modelled existing and developed case flood hydrographs were compared at the
alignment to check peak flow and flow duration. The results indicate the developed
case scenario will cause no meaningful change to flood duration or peak discharge.

4.3.2

Sensitivity Tests
No sensitivity testing of bridge blockage has been undertaken but it is assumed that
all design bridges, based on the length of the proposed structures, have adequately
large spans and therefore blockage is unlikely to be an issue.
Culvert blockage was adopted at 25%, which is in line with ARR19 and the guidelines
for the study. Sensitivity tests with 0% and 50% blockage were undertaken.

1

The proposed alignment will not reduce the immunity of the road; however, it will increase the
average annual time of submergence on the road by 1.1 hours.
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4.3.3

Climate Change
No Climate Change scenario has been undertaken or included in the hydrology and
hydraulic models. This is inconsistent with the modelling approach used in other
areas of the proposed rail alignment.

4.3.4

Future Land Uses
Future land uses of the Westbrook and Dry Creeks catchments have not been
assessed by the designers. It could be argued that assessing future climate change
of this catchment without including future land uses is an unrealistic scenario
because the catchment is likely to experience a significant increase in development
over time.
The Westbrook and Dry Creeks hydrologic models developed by TMR for the
Toowoomba North South Transport Corridor – Stage 2C Project include assessment
of future catchment land uses. Consideration should be given to including future land
use estimates within sensitivity models in a similar manner to that project.

4.4

Geomorphology
Consideration of fluvial geomorphic processes within, upstream and downstream of a
waterway crossing prior to design is considered best practice within the industry
(Queensland Department of Transport and Main Roads, 2019). This gives better
control when preparing detailed design and construction specifications, and ultimately
reduces risk and cost. The draft EIS as it stands, largely ignores fluvial geomorphic
processes.
Flood assessment work completed for the Toowoomba Second Range Crossing
identified exposed vertosol bank sediments in Dry Creek. Vertosol soils must be
considered in detail through any design process for the following reasons:
•

These sediments, combined with the concentration of flow in the channel, have
led to significant incision in this area.

•

Exposed vertosol bank sediments, especially but not only when combined with
incision are a significant problem in this area and lead to bank collapse and
channel widening.

•

Concentrated overland flow has led to many large floodplain gullies in the area
such as those on Dry Creek. As with the bank collapse and channel widening,
this is an escalated problem in this area due to the easily erodible nature of the
vertosol bank sediments.

•

Hard structures such as concrete or rock are known issues in these soils.

The TOR for the draft EIS did not require a geomorphic assessment. Therefore, the
omission of this assessment from the draft EIS is accepted. However, based on a
review of the available information, it appears that the current design lacks any
critical consideration of the environmental impact to waterways and fails to provide
any confidence that risks to the environment can be mitigated.
To properly understand the risks and impacts to environmental values associated
with riverine processes, a geomorphic condition assessment should be carried out
across all intersected waterways including Dry Creek. Only then can an informed
decision be made regarding the options for mitigation of that risk.
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5

Community Concerns

5.1

Submissions to the Panel
The panel received a submission from a member of the public regarding their
concerns that the draft EIS does not address many of the issues with flooding in
Westbrook Creek including the cumulative impacts with approved development
applications in the vicinity of the proposed rail alignment. Some short responses to
the major concerns are provided below:
•

Flood Model – “The extent of flood issues at Westbrook Creek have not been
captured by ARTC and ARTC have used unvalidated data in their flood
modelling.”
o

•

•

ARTC developed a flood model covering both Westbrook and Dry Creeks to
assess the impact of proposed railway. Refer to sections 2 and 3 for details of
the model including calibration and validation of the model.

Cumulative Impacts – “In addition to the use of data sets that will show less
impact, ARTC have not taken into account approved developments at this site.”
The Submission has highlighted three developments that are of particular
concern: Wellcamp Airport flood protection levee, a medical cannabis farm and
the proposed motorsport facility.
o

The flood protection levee around the airport has been included within the
hydraulic model.

o

The proposed medical cannabis farm is located sufficiently upstream of the
proposed rail alignment crossing of Westbrook Creek that it is unlikely to
affect flood levels and velocities at the alignment. Further, the development
will require approval from Toowoomba Regional Council which will include a
flood impact assessment.

o

The proposed motorsport facility is located sufficiently upstream of the
proposed rail alignment crossing of Westbrook Creek that it is unlikely to
affect flood levels and velocities at the alignment. Further, the development
will require approval from Toowoomba Regional Council which will include a
flood impact assessment.

Impacted Lots – “In addition, ARTC have limited their impact assessment only to
the blocks dissected by the rail line.”
o
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The submission is referring to a map showing potentially impacted properties.
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6

Conclusions

6.1

Overview
This review was completed with respect to the regional models and reporting
prepared in relation to the Westbrook and Dry Creeks catchment for the Border to
Gowrie section of the Inland Rail project. The proposed rail infrastructure in the
Westbrook and Dry Creeks catchment consists of an approximately 15km alignment,
which includes filling through the floodplain and cutting through the hills in the upper
catchment. The embankment is proposed to have four bridges, with three located
near the confluence of Westbrook and Dry Creeks and the other over Toowoomba
Cecil Plains Road.
Although the following section provides an overview of the findings of the review and
recommendations with regards to the additional work required, the key finding of the
review was that the adopted flow rates are considered reasonable for this study. A
summary of the model review is provided in Appendix 1.

6.2

Major Crossings
An assessment has been undertaken of the hydrological and hydraulic modelling
used to assess the proposed Inland Rail structures located within the Westbrook and
Dry Creeks catchment. The hydrologic model and hydraulic models assessed were
XPRAFTS and TUFLOW respectively. The following points show the most significant
findings of the assessment:

6.2.1

6.2.2

Hydrology
•

The model does not have a historic dataset to enable calibration. In order to
provide some confidence in the assessment the peak design discharges were
checked and found to be similar to the RFFE and previous studies.

•

The design flows that have been developed utilise an ARF that is calculated at
the main bridge crossing.

•

Critical duration analysis has been undertaken for critical locations, including
bridge and culvert crossings.

•

No modelling has been undertaken which includes Climate Change.

Hydraulics
The hydraulic model setup is appropriate with the following comments:

6.3

•

No ECF file has been provided, therefore the developed case model has not
been run and the stability of the 1D structures have not been checked.

•

No modelling has been undertaken which includes Climate Change.

Minor Crossings
Minor crossings in the upper Westbrook Creek catchment have been modelled and
assessed as part of this study.
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6.4

Advice and Recommendations
Based on the review of the Westbrook and Dry Creeks model, the following advice
and recommendations are made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020).

6.4.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
Best practice has been followed by the study for the hydrological and hydraulic
modelling.

6.4.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The extent of the model is considered suitable.

6.4.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
No calibration information is present and thus no calibration has been undertaken.
The peak discharge from the models were checked against the RFFE and previous
studies. This is an accepted limitation of the area and in accordance with guidelines.

6.4.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
In the absence of calibration data, validation to RFFE and previous study estimates
has been undertaken. This is considered an acceptable approach.

6.4.5

Impacts and Impact Mitigation
Whether the model adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area.
The model adequately accounts for the impacts of the reference design at this point
in the EIS process and broadly demonstrates that the impacts are capable of
appropriate local mitigation.
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The consideration of events of higher magnitude than the 1% AEP event suggests
that the impacts are capable of appropriate local mitigation.

6.4.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project.
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The reports and modelling reviewed for the Westbrook and Dry Creeks section of the
proposed rail alignment is fit for purpose.

6.4.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice.

6.5

Summary of Findings
Table 4 presents a commentary in relation to the focus areas for the panel identified
in the Terms of Reference for an Independent International Panel of Experts for
Flood Studies of Inland Rail in Queensland (Final, June 2020).
The review identified an item where additional work is required, either as part of
further design stages or to provide additional documentation to the Panel. The items
identified in the review are summarised in Table 5.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).
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•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 9 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 5 to allow the relative importance of each
issue to be readily identified.

Figure 9: Flow Chart for Resolution of Identified Issues
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Table 4: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant
design stage (e.g. reference/detailed etc.)

Yes

The extent of modelling is appropriate for the reference and design stages.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered
reasonable and appropriate compared with typical
similar linear infrastructure projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions

Appropriateness of model arrangements and input
parameters

Yes

The model arrangement and input parameters are appropriate.
However, Areal reduction factors (ARF) were adopted for the entire Westbrook and Dry Creeks
catchments at a point discharging to the main rail crossing near the confluence of the two creeks. This
may not be appropriate for the smaller tributaries of Westbrook Creek that cross the alignment.

Appropriateness of model calibration process

N/A

No calibration could occur due to the limited dataset

Appropriate application of input data (including
addressing data gaps)

Yes

The application of the input data is considered appropriate

Assumptions around land-use (crops etc.)

Yes

The land-use assumptions are considered appropriate

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g.
climate change

No

No climate change modelling was reported or included in the as-received hydrologic and hydraulic
models.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.
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Focus Issue

Satisfied?

Comment
Application

Appropriate sensitivity analysis to various items e.g.
flow inputs, coefficients

Appropriate sensitivity analysis has been undertaken.
Climate Change sensitivity was not undertaken.

No.

Change indicators are appropriate.
Change in water level, trafficability on roads, flood inundation duration and peak discharge was
compared and quantified.

Appropriateness of change indicators

Yes

Appropriateness of structure and embankment
representation (depending on the stage of the design)

Yes

Structures and embankments have been represented appropriately.

Flood frequency analysis

N/A

Insufficient information to enable FFA to occur
Interpretation

Achievement of Design Criteria

Yes

Meets hydraulic design criteria.

Appropriateness of relevant sensitivity analysis

AIR

Blockage sensitivity has been undertaken; no climate change sensitivity has been undertaken.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their
local property context

Yes

Impacts on neighbouring properties and infrastructure from the change in peak level, time of inundation,
road immunity and peak discharge were checked and quantified.
Some minor increases in flood level on local and state roads in the 1% AEP. These minor increases do
not change the immunity of the road as the road is flooded to a greater depth at other locations along
the road.

Appropriateness of the alignment, with regard the
related flood impacts, within the current EIS Study
Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

AIR

The blockage of the alignment on the waterway has sufficiently been mitigated with drainage structures
(bridges and culverts) to ensure there are no actionable nuisances in terms of flooding to neighbouring
properties or infrastructure. However, no information on the optimisation process is presented in the
available reports.

Consider whether reasonable and practical steps have
been taken to mitigate flood impacts, if any, outside of
the project boundary
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Focus Issue

Satisfied?

Comment

Additional information that would be required to be
addressed in the Detailed Design phase of the program

Yes

The Estry Control file was not provided to allow simulation of the TUFLOW model and the 1D hydraulic
results have not been provided. Therefore, the stability of culverts of the culverts cannot be confirmed.
However, the model setup is suitable and in line with best practice.

Note:

AIR stands for Additional Information Required (as summarised in Table 11) in order to confirm issue satisfied.

Table 5: Summary of Identified Issues
Item No.

Item/Issue

Reference
Section

Relevance to
Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level of
Importance

Medium

While the issue is noted as being
unlikely to cause any additional
hydraulic impacts, Climate
Change was included in the
project scope.

Application

CC1

No climate change
modelling has been
undertaken.

Section
4.2.2

Climate change has not
been assessed in the
hydrologic or hydraulic
models.

The result of Climate Change will
cause minor increases in peak
discharge and associated water
throughout the model domain.
Based on the 1% AEP results, a
slight increase is unlikely to cause
additional hydraulic impacts
which could result in an
actionable nuisance to
surrounding properties or
infrastructure.
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Appendix 1 Model Review Summary Tables
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Table 6: Hydrological Model Review Summary
Item No.

Description

Checked

Additional Information

Yes

XPRAFTS 2018.1.2
Note, only existing case
model was run. No .ecf
was supplied to be able to
run the developed
scenario.

Hydrologic Model Setup
1h

Model Software

2h

All Model files provided and can results be
reproduced

Yes

3h

Catchment extent

Yes

4h

Sub-catchment delineation

Yes

5h

Model catchment areas

Yes

6h

Catchment Parameters (e.g. slope, roughness etc.)

Yes

7h

Adopted Parameters - routing

Yes

8h

Adopted Parameters - losses

Yes

9h

Adopted Parameters - runoff coefficient

NA

Design Representation
1d

Sub-catchment changes to represent design

Yes

2d

Model parameter changes to represent design

Yes

Flood Frequency Analysis
1f

Gauge records available

No

Not available

2f

Gauge record length suitable for FFA

N/A

Not available

3f

Compare design flow estimates to FFA

N/A

Not available

4f

Annual Maximum Series

N/A

Not available

5f

Number of years input to FFA calculation

N/A

Not available

6f

Historical events

N/A

Not available

7f

Censoring and filters

N/A

Not available

8f

Probability distribution

N/A

Not available

9f

Low flow filtering

N/A

Not available

Calibration
1c

Model Calibration/Validation

Yes

RFFE

2c

Calibration data

N/A

Not available
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Item No.

Description

Checked

Additional Information

3c

Calibration events and magnitude

N/A

Not available

4c

Review rating curves

N/A

Not available

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

2a

Use of ARR 2016/2019

Yes

3a

Critical duration

Yes

4a

Mean temporal pattern selection

Yes

5a

IFD rainfall data

Yes

6a

Temporal pattern zone

Yes

7a

Areal varied patterns

Yes

8a

Areal reduction factors

Yes

9a

Design rainfall losses - Calibration events

N/A

10a

Design rainfall losses - ARR data hub

Yes

Alternative Validation Method
1am

Alternative validation method used FFA/RFFE

Yes

2am

Design flow comparison to FFA/RFFE

No

3am

Is the RFFE appropriate for the catchment

Yes
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Table 7: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

TUFLOW 2017-09-AC

2h

All Model files provided and can results be reproduced

No

Missing ecf TUFLOW file.

3h

Model extent

Yes

4h

Model setup

Yes

5h

Model boundaries

Yes
Control

1c

TUFLOW run log

Yes

2c

TUFLOW Version

Yes

TUFLOW Build 2017-09-ACiSP-w64 used.

3c

Solver

Yes

HPC Solution Scheme used.

4c

Timestep

N/A

N/A for HPC

5c

Materials/roughness definition

Yes

6c

TUFLOW Materials File

Yes

7c

Direct Rainfall - Losses

N/A

Calibration

1c

Model Calibration/Validation

NO

No calibration data available
for catchments. Model
appropriately checked against
previous studies and RFFE.
Hydraulic model hydrographs
validated against hydrology
hydrographs.

2c

Calibration data

Yes

N/A

3c

Calibration events and magnitude

Yes

N/A

Events and Scenarios

1e

Events and Scenarios

Yes

1% AEP

Yes

Climate change

No

No climate change
undertaken.

Blockage

Yes

25%, including 0% blockage
sensitivity.

Extreme events

Yes
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Item No.

Description

Checked

Other sensitivity assessments

No

2e

Start and end times

Yes

3e

Initial conditions

Yes

4e

Event text

Yes

5e

Scenarios and variables

Yes

Additional Information

Boundary Conditions
1b

Inflow location

Yes

2b

Inflow values

Yes

3b

Boundaries

Yes

4b

Direct rainfall volume check

NA

5b

1D connection type

Yes

6b

1D connections

Yes

7b

Channel connections

Yes

8b

Active cells

NA
Geometry

1g

Cell orientation

No

2g

2D active cells

Yes

3g

Model extent

Yes

4g

Material check

Yes

5g

Material check (Design scenario)

Yes

6g

Elevation raster check

Yes

7g

Bridge representation

Yes

8g

Breaklines

Yes

9g

Topographic modifications

Yes

1D Network – Existing
1e

1D input check

Yes

2e

Cover check

Yes

3e

1D continuity

Yes

4e

1D locations & sizing

Yes
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Item No.

Description

Checked

5e

1D losses

Yes

6e

1D blockage

Yes

7e

1D connection type

Yes

8e

1d connection grid cell check

Yes

9e

1d network invert levels & outlet check

Yes

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA

Additional Information

Design Representation
1d

1D locations & sizing

Yes

2d

1D input check

Yes

3d

Cover check

Yes

4d

1D continuity

Yes

5d

1D blockage

Yes

6d

1D connection type

Yes

7d

1d connection grid cell check

Yes

8d

1d network invert levels & outlet

Yes

9d

Bridge representation

Yes

10d

Topographic modifications

Yes

11d

Design criteria flood level impacts

Yes

12d

Design criteria duration of flooding impacts

Yes

13d

Design criteria hazard category impacts

Yes

14d

Design criteria velocity and flow direction impacts

Yes

Results

1r

Can results be replicated

Yes

Yes (existing case only). No
.ecf provided to replicate
proposed case results.

3r

Review negative depths

Yes

Not detailed
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Item No.

Description

Checked

4r

Review timestep outputs for HPC

No

5r

Check raster outputs for irregularities

Yes
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1

Introduction

1.1

Overview
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the flood modelling of
Gowrie Creek by the Future Freight Joint Venture (FFJV) in support of the draft
Environmental Impact Statement (EIS) and Feasibility Design Report (FDR) for the
Border to Gowrie (B2G) section of the Inland Rail Project.
A summary of the issues identified in the review is provided in Section 5.3. A
summary of the model review items can be found in Appendix 1.
The following FFJV reports were included in this review:
•

Inland Rail Border to Gowrie EIS, Chapter 12 Surface Water and Hydrology,
Revision 0, 9 July. (Future Freight Joint Venture, July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q1 – Hydrology and Flooding
Technical Report – Volume I, Revision 01, 14 July. (Future Freight Joint Venture,
July 2020)

•

Inland Rail Border to Gowrie EIS, Appendix Q2 – Hydrology and Flooding
Technical Report – Volume II, Revision 0, 23 July. (Future Freight Joint Venture,
July 2020)

•

Border to Gowrie Feasibility Design Report, Section 8 Drainage, Revision 0, 15
January. (Future Freight Joint Venture, January 2020)

ARTC supplied the URBS hydrologic and TUFLOW hydraulic models that
accompanied the Hydrology and Flooding Technical Report. These models were
included in the review.
The TUFLOW hydraulic models and the 12d models containing the ILSAX
calculations that accompanied the FDR, which were used to assess catchments less
than 10 km2 in size, were not provided by ARTC to the Panel.
Note that the B2G and G2H Gowrie Creek hydrologic and hydraulic models are
identical. The models assessed both packages together. This means that the
hydrologic and hydraulic model development sections of this B2G review will be
identical to the G2H review. The reported impacts do, however, differ between the
B2G and G2H reports, with each report focusing on impacts nearest their packages.
This is an acceptable approach, but care should be taken when viewing results of the
Gowrie Creek models to ensure that the reports of both packages are checked.

1.2

Catchment Extent
Figure 1 shows the catchment of Gowrie Creek.
The corresponding hydraulic model covers the area immediately upstream and
downstream of the proposed alignment.
Both models are entirely within the Toowoomba Regional Council local government
area.
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Figure 1: Gowrie Creek Catchment Extent (Future Freight Joint Venture, July 2020)
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1.3

Methodology

1.3.1

Overall
Overall, the methodology for the modelling of regional flooding (see Section 2 of the
Hydrology and Flooding Technical Report (Future Freight Joint Venture, July 2020)
and Section 12.6.3.3 of Chapter 12 (Future Freight Joint Venture, July 2020)) was
considered acceptable by the Panel. The adopted methodology is summarised
below:
1. Determine and consider existing flood studies.
2. Consult with relevant parties to obtain flood data and to discuss model behaviour
and impacts.
3. Develop and calibrate hydrologic and hydraulic models of the catchment.
4. Determine design inflows for design events (20%, 10%, 5%, 2%, 1%, 1 in 2,000,
1 in 10,000 AEP and Probable Maximum Flood) based on the 2016 version of
Australian Rainfall and Runoff (ARR).
5. Use hydrologic and hydraulic models to calculate flood levels, flows, velocities
and inundation times for the existing catchment conditions.
6. Add the proposed Inland Rail design and determine appropriate mitigation
measures. These measures were primarily drainage structures.
7. Consider the sensitivity of the model to climate change and blockage.
8. Identify residual impacts and undertake engagement with the community and
relevant stakeholders.
Although the overall methodology was considered appropriate, there were several
concerns about:

1.3.2

•

The application of the methodology.

•

The sizing of drainage structures.

•

The assessment of the impacts.

•

The level of detail provided in the Hydrology and Flooding Technical Report
(Future Freight Joint Venture, July 2020) to justify assumptions made in the
modelling.

•

The conclusions drawn in the report (and subsequently repeated in Chapter 12 of
the draft EIS), because they were lacking details of how they were derived.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix C – Stakeholder Engagement
of the EIS. It is assumed that this consultation included a discussion of site-specific
impacts for minor and major catchments with reference to the flood impact objectives.

1.4

Previous Studies
The Hydrology and Flooding Technical Report – Volume I listed six relevant previous
studies that were coincident with the Gowrie Creek study area:
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1.5

•

Technical Report on the Oakey Flood of 10-11 January 2011. (BMT WBM, April
2011)

•

Gowrie Creek Flood Risk and Management Study – Volume 1. (AECOM,
September 2013)

•

Gowrie Creek Flood Risk and Management Peer Review. (Brodie et. al.,
November 2013)

•

Work Package 4 – Historical Study for Kingsthorpe and Gowrie Junction – Final
Report. (WRM Water & Environment, April 2014)

•

Work Package 8 – 2D Flood Study for Cotswold Hills (Gowrie Creek Catchment)
Final Report. (WRM Water & Environment, May 2014)

•

Oakey Flood Study Final Report. (Toowoomba Regional Council, August 2014)

Scope of the Review
This review assessed only the regional flooding models of the Gowrie Creek section
of B2G between Ch 202.70 km and Ch 206.95 km. Specifically, the Gowrie Creek
URBS models and the Gowrie Creek TUFLOW model.
There is one local catchment TUFLOW model between Ch 202.70 km and Ch 206.95
km, which is described in the drainage section of the FDR (Future Freight Joint
Venture, January 2020).
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2

Hydrological Model Review

2.1

Overview
The FFJV combined two existing XPRAFTS hydrological models, and built some new
subcatchments and links in CatchmentSIM, to create a new model to represent the
Gowrie Creek catchment. The two existing models were the Gowrie Creek Flood Risk
and Management Study (2013) model and Cotswold Hills Flood Study (2014) model.
The hydrologic modelling approach used an industry standard modelling package
(XPRAFTS), which is generally considered to be fit for purpose. A review of the
modelling work indicated several shortcomings that may impact the accuracy of the
results. These are summarised in the following sections.

2.2

Alternative Models
The Department of Transport and Main Roads (Darling Downs district) completed
development and calibration of a new hydrologic model for the Gowrie Creek system
in late 2020 that addressed the shortcomings of the adopted FFJV XPRAFTS model.
The model was developed for the Toowoomba North South Transport Corridor
(TNSTC) Stage 2C Project. The FFJV should attempt to source the TNSTC
XPRAFTS hydrologic model (and its associated hydraulic model) and consider
adoption of that model.

2.3

Catchment Delineation

2.3.1

Existing Case
Subcatchment delineation for the upstream section of the Gowrie Creek catchment
and Cotswolds Hills area was adopted from previous studies. Sub-catchment
delineation for the rest of the model was delineated using CatchmentSIM. Figure 1
shows a map of the sub-catchment delineation from the Technical Report. The model
is split into two areas: Area 1 and Area 2. The areas separate the largely developed
region of Toowoomba (Area 1) from the largely agricultural and steep floodplain area
(Area 2).
Sub-catchment areas range from a minimum of 0.0855 ha to 343.425 ha.
Catchments in XPRAFTS should generally be kept as similar in size as possible to
ensure consistent routing through the model. It is unclear whether the variations in
size affect model outcomes.
Several subcatchment nodes and links were placed in incorrect positions. Some were
also moved from the original positions adopted in the Cotswold Hills Flood Study and
the Gowrie Creek Flood Risk and Management Study. Examples include BG4, BG8,
GC17A, GC17B and some of the detention/retention basin nodes in the upper
reaches of the model. Correction of these issues should be considered by the
designers.
Examination of the provided spatial data showing the catchment delineation found
gaps and overlaps between catchment polygons (see Figure 2). There are also many
differences between the sub-catchment areas adopted in the XPRAFTS model and
those in the spatial data.
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Figure 2: Gowrie Creek Sub-Catchment Delineation
Fortunately, these differences do not have a significant effect on the total catchment
area. A polygon drawn around the outside of the provided catchments gives a total
area of 158.5 km2 whilst summing the individual catchment areas provided in the
attributes table gives 158.9 km2. The lack of significant difference appears to be due
to the overlap and gaps between the subcatchments evening out the variance. The
total catchment area in the XPRAFTS model is slightly higher than the provided
spatial layers at 159.1 km2.

2.3.2

Developed Case
No changes were made to the subcatchment delineation between the existing and
the developed condition model, which is acceptable in this instance. The proposed
rail alignment does, however, bisect several subcatchments. It is recommended that
consideration be given to splitting subcatchments at the alignment to allow the model
to accurately estimate the discharges upstream and downstream of the alignment.

2.4

Calibration Event Model Inputs

2.4.1

Pervious and Impervious Splitting
The Gowrie Creek XPRAFTS model adopted the split catchment methodology
whereby each subcatchment contains two catchments:
•

one catchment for representing the pervious area

•

one catchment for representing the impervious area

This allows separate rainfall losses and roughness values to be applied to each
subcatchment.
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The implementation of split catchments was inconsistent between Area 1 and Area 2,
with some subcatchments having Area 1 as impervious and others having Area 1 as
pervious (same for Area 2). It is unclear whether this inconsistency causes any
issues with the design storm event hydrology.

2.4.2

Subcatchment Slope
Adopted catchment slope values were checked and they were found to be similar to
the catchment slope derived from elevation data.

2.4.3

Subcatchment Area
The subcatchment areas were generally acceptable, but some issues were identified:
•

East Creek was found to have 170 ha (14%) more area than what was present in
the Gowrie Creek Flood Risk and Management Study model. It is suspected that
the manual edits to the model by the modellers has resulted in an incorrect
subcatchment layout and total area.

•

Several subcatchment areas were changed from the Gowrie Creek Flood Risk
and Management Study XPRAFTS model without justification or explanation.
Changes included removal of detention/retention basins, alteration of node
linkages and alteration of subcatchment parameters.

•

Subcatchment EC22A was renamed to EC22A_n.

•

Subcatchments GC_D2 and GC_D3 had non-zero areas, when they should have
been zero (dummy nodes).

The effects of these changes are unknown, and they should be justified or corrected.

2.4.4

Detention/Retention Basins
Within East Creek and West Creek in Toowoomba, the adopted XPRAFTS model did
include some detention/retention basins, but their details were not always accurate
and they were not always linked correctly. The following issues were noted:
•

One basin was linked to a tributary rather than the main channel, meaning that it
was providing no mitigation function to the main channel.

•

Several detention/retention basins were not included in the hydrologic model.

•

Most basins had inaccurate level-storage curves, outflow culvert sizes, outflow
crest levels and or spillway crest levels.

•

The design event models did not include newly built detention basins (built post2011).

•

Outlet culverts adopted a pipe roughness that was smoother than is standard
practice in modelling, with an adopted roughness of 0.011 instead of 0.013.
XPRAFTS adopts 0.011 by default.

•

The spillway coefficients were 1.686 instead of 1.7. 1.7 is a typical spillway
coefficient and the XPRAFTS default value.

•

Some detention/retention basins were turned off in the model.

These items should be investigated by the designers. Corrected detention basins are
available in the TNSTC XPRAFTS model, which is discussed in Section 2.2.
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2.4.5

PERN
The adopted PERN roughness values appeared to be reasonable, though not directly
representative of Manning’s ‘n’ values.

2.4.6

Rainfall Losses
The adopted calibration event rainfall losses were defined based on previous studies
and calibration event results. Table 1 and Table 2 show the adopted calibration event
rainfall losses.

Table 1: December 2010 Event Adopted Rainfall Losses

Table 2: January 2011 Event Adopted Rainfall Losses

The continuing loss rate for old urban impervious in Area 1 is greater than that for
pervious subcatchments in Area 2. This loss rate is not justified by the designers or
any previous reports. It is illogical and should be justified or corrected because
previous flood studies do not justify these values.
The adopted continuing losses are higher within Toowoomba City, a highly
developed area, than they are downstream of the Cranley stream gauge, which is
almost entirely agricultural land. This is illogical and should be justified or corrected.
The values are based on previous studies that did not justify these values.
The split between old urban and new urban areas within the XPRAFTS model are
poorly justified in previous reporting and in the EIS. Aerial imagery shows no
difference between the old urban areas and the new urban areas. Justification of the
difference between these areas should be provided, or the difference in loss rates
should be removed. Previous flood studies did not provide much justification for the
difference.
The adopted continuing loss rates are inconsistent between design events, the
January 2011 event and the December 2010 event. These differences should be
justified. Through testing of the model, the Panel found that the loss rates for 2010
and January 2011 event are of little importance because the storms are large, and
the loss rates do not significantly affect peak flows.
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The Old Urban flag was applied to several subcatchments of the XPRAFTS model.
The Old Urban flag affects the storage parameter for the catchment based on the
return period of the modelled storm event. Adoption of this parameter is atypical in
XPRAFTS modelling and it should be justified. It is not justified in previous reports. It
was found that disabling the flag for the relevant catchments did change hydrologic
model outcomes.
Corrected losses are available in the TNSTC XPRAFTS model, which is discussed in
Section 2.2.

2.4.7

Rainfall Distribution
The distribution of rainfall for the calibration events was done for each individual
subcatchment, with each subcatchment assigned an historical pluviograph (for
temporal rainfall variation) and an interpolated average rainfall intensity (for spatial
rainfall variation).
It was identified that the January 2011 event’s rainfall distribution was inconsistent,
and the estimation of total rainfalls did not always match gauge data. The adopted
pluviograph for each subcatchment was not always the nearest or the most relevant
pluviograph. The estimation of total rainfall was inconsistent with gauge data, mainly
in the Highfields area, with differences of 30% when compared to those calculated by
the Panel.
Not all pluviographs and daily total gauges within and near the catchment were
utilised to temporally and spatially vary the rainfall. There are several TRC gauges
within the catchment with available data. For the model development of TNSTC (see
Section 2.2), TRC and BoM were unable to locate the applicable data, so excluding
data from those gauges in this XPRAFTS model is acceptable.

2.4.8

Baseflow
A non-routed baseflow was applied at the Jutsum XPRAFTS node. Whilst previous
Gowrie Creek reporting did identify a baseflow, it was not at Jutsum, so this baseflow
may need to be revised.

2.5

Calibration Event Model Results
The XPRAFTS model was calibrated to two historical flood events; December 2010
and January 2011.
The January 2011 XPRAFTS model adopted a start time that was 1 minute later than
the input data’s start time, which could be corrected by the modellers, though it would
not noticeably alter model outcomes.
The adopted January 2011 temporal patterns contained an extra timestep value,
which meant that the rainfall data was applied at slightly different times than the
recorded data. This could be corrected by the modellers, though it would not
significantly alter model outcomes.
The calibration results show that model replicates both the peak discharge and flood
volume reasonably well. This indicates that the model is fit for purpose despite some
of the inconsistencies noted above. It was also noted that the rating curves may be of
low accuracy, so confidence in any calibration result is lower than desirable.
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2.6

Design Storm Event Model Inputs

2.6.1

Overview
Design storm event rainfall for the Gowrie Creek hydrologic model was developed
using the ARR16 guidelines. Events ranging from the 20% AEP event to the PMF
event were modelled. Consideration should be given to modelling the 50% AEP
event because it may be critical for one of the flood impact objectives in the local
catchments.
The following sections document the findings of the design storm event model inputs.
Note that only the items that differ from the calibration event model inputs are
discussed.

2.6.2

Rainfall Data
Ten different synthetic temporal patterns were modelled per design event duration
and AEP, which is consistent with the latest Australian Rainfall and Runoff (ARR).
Design rainfall depths were varied spatially using different Intensity-FrequencyDuration (IFD) relationships for each sub-catchment.
The Technical Report states that the median temporal pattern was used for each
AEP and duration combination. This is compliant with ARR16, but the TMR
Hydrologic and Hydraulic Modelling Technical Guideline states that temporal pattern
selection should use a bias of 2 to the flows exceeding the mean. Consideration
should be given to using the alternate temporal pattern selection method.

2.6.3

Rainfall Losses
The adopted design rainfall losses were defined based on previous studies and
information from the ARR Data Hub. Table 3 shows the adopted rainfall loss rates for
the 1% AEP design flood event, which is similar to the other design flood event loss
rates, the December 2010 loss rates and the January 2011 loss rates. The Area 1
Pervious US continuing loss rate is higher than the historical events.

Table 3: Design Rainfall Losses – 1% AEP

The design rainfall losses were varied to provide a better correlation between the
design discharges and the FFA estimates and to account for of the significant
topographic changes of the catchment. The rainfall losses reduced with AEP, with the
extreme events having the lowest losses.
Rainfall loss rates are discussed in further detail in Section 2.4.6.
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2.7

Design Storm Event Model Results
No comparisons were made between the design discharges and the RFFE or the
Quantile Regression Technique (QRT). Because of the abnormal shape of the
catchment, it is unlikely that the estimates at the outlet would be reliable. The area
upstream of the Cranley stream gauge would be appropriate for assessment, but
because it is significantly developed, the QRT and RFFE are not appropriate for
comparison. Investigation by the Panel found that the RFFE reported far lower flows
than the XPRAFTS model and the QRT reported a good match for only the 1% AEP
event. The difference for the lower flows likely results from the significant
development in the upper reaches of the catchment.

2.8

Flood Frequency Analysis

2.8.1

Stream Gauge Data
Two stream gauges in the Gowrie Creek catchment were used to calibrate the model
and to undertake a Flood Frequency Analysis (FFA):
•

Gowrie Creek at Oakey (422332B – 27 years data)

•

Gowrie Creek at Cranley (422326A – 49 years data)

The gauge records are quite good however there is some uncertainty surrounding the
rating curves, particularly at the Oakey gauge. The rating curve of the Gowrie Creek
at Oakey gauge should be checked and potentially be replaced using a detailed
hydraulic model.
The highest gauged flow at Oakey is only about 100 m3/s. The Hydrology and
Flooding Technical Report – Volume I (Technical Report) identifies this, particularly
for the 2011 flood event. TRC utilised the results of previous hydrologic and hydraulic
models to create a new estimate of the peak discharge at the Oakey gauge for the
2011 flood event. This revised estimate was used in the FFA. This approach is
supported.
An additional two years of data is now available at the Oakey gauge since the work
was completed by the FFJV. This data includes a flood peak greater than 350 m3/s
which is likely to change the FFA estimate due to the shorter period of record at this
gauge. It is recommended that the FFA estimates be revisited with the latest data
prior to use of the models for further design work.

2.8.2

Results
The FFA results were relatively consistent with estimates by previous studies and it
was somewhat consistent with the hydrologic model. The 27-year gauge record at
the Oakey gauge is shorter than desirable, which may be the cause of
inconsistencies.
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3

Existing Case Hydraulic Model Review

3.1

Overview
The Gowrie Creek hydraulic model was set up with a 5 m grid, an adaptive time step
and run using TUFLOW 2017-09-AC-iSP-w64 with an HPC solver.
The TUFLOW version that was adopted is not the latest version at the time of this
review. The latest version, 2020-10-AA, contains significant improvements to the
HPC solver. The 2020 solver validates far better to industry benchmark models and
contains several useful features. Because of the better validation of the solver, the
2020 version should be used for all TUFLOW models in the Detailed Design stage.

3.2

Alternative Models
The Department of Transport and Main Roads (Darling Downs district) completed
development and calibration of a new hydraulic model for the Gowrie Creek system
in late 2020 that addressed many of the shortcomings of the adopted ARTC
TUFLOW model. The model was developed for the Toowoomba North South
Transport Corridor (TNSTC) Stage 2C Project. ARTC should attempt to source the
TNSTC TUFLOW hydraulic model (and its associated hydrologic model) and
consider adoption of, or incorporation of the data from that model.

3.3

Topography
The Gowrie Creek TUFLOW model reads in trimmed 1 m digital elevation models
(DEMs) for existing terrain conditions. This was based on Australian Rail Track
Corporation (ARTC) 2015 LiDAR. LiDAR was obtained from Geoscience Australia
outside the extent of the ARTC 2015 survey. Figure 3 shows an overview of the
available LiDAR data.
The model also enforces some roads and part of the existing railway using
breaklines.
Some issues were identified with the topography:
•

Not all of the existing railway was enforced, which due to the large grid size that
was adopted, could result in inaccurate overtopping flows.

•

The Toowoomba Second Range Crossing (319A) was not included in the
hydraulic model.

•

ARTC survey of the existing West Moreton Railway was not included.

•

Upgrades forming the Charlton North Urban Stormwater Management Plan,
InterlinkSQ (topographic, roughness and culvert changes) and the Nass Road
Detention Basin have not been included in the model.

Consideration should be given to addressing these issues or running sensitivity tests
to determine if they affect design outcomes.
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Figure 3: Gowrie Creek Survey Data Overview
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3.4

Roughness
The roughness delineation within the Gowrie Creek hydraulic model extent is
relatively simplistic, but it was found to be appropriate for the assessment. The
hydraulic roughness is separated into roads, development areas, waterway and open
space, which covers the vast majority of the area.
The roughness delineation and adopted hydraulic roughness values are appropriate
for the purpose of the modelling undertaken. However, there are some
inconsistencies between road and dense vegetation roughness allocations. It is
unclear why this occurs. Inconsistency may be due to the incorporation of future road
corridors by modellers for the proposed development area.

3.5

Structures
Existing culverts have been included throughout the model. Some instances of
insufficient culvert length were noted. Figure 4 shows an example of a 50 m long
culvert being modelled at only 10 m long due to an incorrect length attribute applied
to it. This culvert is located upstream of the rail alignment on a minor tributary and is
unlikely to influence flood levels at the rail alignment.

Figure 4: Example of Incorrect Culvert Length
Existing bridges did not have their parameters calculated and they instead adopted
typical parameters. The correct parameters should be calculated.
Existing safety barriers (guard rail) was not included in the hydraulic model, which
should be corrected.
Culvert losses were non-standard, which should be justified.

3.6

Boundary Conditions
The Gowrie Creek TUFLOW model extent, external inflow, internal inflow and
downstream boundary locations are shown in Figure 5. One inflow location was
placed on the boundary of the TUFLOW model extent (Gowrie Creek inflow), with the
remaining inflows input as local TUFLOW ‘SA’ inflow locations, which is an
acceptable and recommended methodology.
The downstream boundary uses an automatically calculated stage-discharge (‘HQ’)
boundary with an assumed waterway slope of 1.36%. This is steeper than the
general topography at the boundary and causes the flood slope to increase at the

14 | March 17, 2021

Appendix M: Gowrie Creek Regional Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

boundary. However, the boundary is set sufficiently downstream of the proposed rail
alignment that it should not impact results at the rail alignment.

Figure 5: TUFLOW Boundary Setup

3.7

Calibration Results
The reported calibration results showed a good match to estimated gauge flows and
surveyed debris points, despite the identified hydrologic and hydraulic model issues.
The Gowrie Creek catchment lacks reliable rainfall and stream gauge data from the
December 2010 and January 2011 events to achieve a better calibration result.
Since the January 2011 event, several more stream gauges have been installed.
There is also greater availability of rainfall data. If another large storm event occurs
within the catchment between the time of this review and the Detailed Design stage
of the project, there may be a benefit from calibrating to the additional event. The
additional event could remove uncertainties in the current calibration, which had two
stream gauge failures, unavailable rainfall data and a poor rating curve for Gowrie
Creek at Oakey (422332B).

3.8

Design Storm Event Results
The design storm event results showed a degree of inconsistency between the
estimated flows and the flood frequency analysis flow rates. This disagreement stems
from unreliable gauge data at Gowrie Creek at Oakey (422332B) and possibly the
illogical rainfall loss approach (see Section 2.4.6). The loss rates for design storm
events should be checked by the designers to ensure that the best match to the FFA
is achieved, with the Cranley gauge match being favoured over the Oakey gauge
match.
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4

Design Case Hydraulic Model Review

4.1

Overview
The Design Case hydraulic model was relatively similar to the Existing Case
hydraulic model. Some changes were made to represent the proposed Inland Rail
design. The following sections describe these changes.

4.2

Topography
The developed case model topography was modified by including the proposed
embankment design, inclusion of bridge abutments and proposed drainage works.
The rail alignment crest is appropriately modelled using a DEM of the alignment that
is embedded directly into the hydraulic model. It is best practice to adopt 12d Model
TIN files instead of DEM files because the TIN files are of infinitely higher resolution.
Consideration should be given to adopting TIN files.
Not all of the proposed design was enforced using breaklines. Consideration should
be given to enforcing the remaining breaklines.

4.3

Roughness
The developed case model roughness was modified to change the roughness at the
proposed rail alignment. No issues were identified.

4.4

Structures
Figure 6 shows the location of the proposed railway embankment as well as the
proposed hydraulic structures in the B2G section of the model. Note that there are
additional structures located in the Gowrie Creek model extent that are dealt with the
in the Gowrie to Helidon (G2H) EIS.
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Figure 6: Proposed Alignment and B2G Gowrie Creek Hydraulic Structure Locations
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4.4.1

Culverts
Ten banks of culverts are present within the hydraulic model along the B2G section
of the alignment. The culverts are located along the southern side of Gowrie Creek
within the 1% AEP flood extent.
The culverts are incorporated into the hydraulic model via 1D elements. A general
review of the setup of the culverts find the approach is reasonable and accords with
general best practice. However, some proposed culvert lengths seem to be
insufficient in the TUFLOW model. An example of this is shown in Figure 7. The
connection lines extend far enough to ensure that the culvert is freely draining.

Figure 7: Example of Insufficient Culvert Length
Culvert KIN-27_Extnd appears to be an extension of an existing culvert but the
original culvert does not appear to have been included in the model. Therefore, this
culvert is unable to drain. As a result, water pools behind the rail alignment. This
culvert is located in the G2H section of the alignment.

KIN-27_Extnd

Figure 8: Example of Non-functioning Culvert (KIN-27_Extnd)
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Another example of a culvert modelling issue is an instability at Culvert KIN27_Extnd. Again, this appears to be an extension of an existing culvert. The original
culvert appears to be included in the existing condition model but not in the
developed conditions model. The exclusion of the original culvert may be limiting the
ability of this culvert to drain freely if there was intent for them to be connected.

Figure 9: Example of Culvert Instability
Local catchment culverts, which are assessed and discussed in the Drainage section
of the FDR, were not included within the Gowrie Creek hydraulic model. For the B2G
section of the Gowrie Creek model, this meant that culvert C206.43 (1/1800x900 mm
RCBC) was not included in the model. This should be corrected by the designers.
Culvert SX lines have been added coarsely, with some placed within the existing rail
embankment, rather than downstream of the embankment, which may need to be
corrected.
Culvert losses were non-standard, which should be justified.
Several proposed culverts have a blockage applied to them. The Hydrologic and
Hydraulic Modelling Technical Guideline (Queensland Department of Transport and
Main Roads, 2019) states that flood immunity should be calculated using ARR19
blockage at new cross-drainage structures, but flood afflux (impact) should be
assessed without blockage (except for greenfield sites, where it may be appropriate
to also assess impacts under a blocked scenario). The modelling is not compliant
with these guidelines. Two scenarios should be simulated: one for immunity and
afflux in greenfield sites (with ARR19 blockage applied at cross-drainage bridges and
culverts) and one for afflux (greenfield and brownfield) and velocity (without ARR19
blockage applied at cross-drainage bridges and culverts).
C206.95 is within an Amber “waterway barrier works” waterway and it has a blockage
applied, though it is unclear whether its bed was submerged by 300mm and a
corresponding blockage applied. This should be clarified by the designers.

4.4.2

Bridges
There are two rail-over-road bridges proposed along the B2G section of the
alignment.
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•

310-BR34 – Warrego Highway

•

310-BR35 – Chamberlain Road

The primary purpose of these bridges is to cross roadways. However, they also
convey flows along minor drainage paths.

4.5

Design Case Results Review
The proposed design and associated results are provided within the report. In
general, the results of the modelling indicate that the impacts of the rail alignment are
manageable or acknowledged.
Due to the hydraulic model being identical for the B2G and the G2H packages (see
Section 1.1), the developed conditions model and the results reported herein assume
that the B2G and G2H sections are built at the same time. The EIS does not discuss
how the impacts change if one package is built before the other. There is a risk that
impacts could be worse if both packages are not built at the same time, which should
be investigated by the designers.

4.5.1

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
found that there was a moderately large variance in the simulation timestep for at
least one event (as shown in Figure 10). It is expected that this can be attributed to
the version of the software available when modelling commenced (2017-09-AC-iSPw64). Limited testing undertaken by the Panel using the latest version of TUFLOW
(2020-10-AA-iSP-w64) suggested that its adoption would improve the modelling with
respect to timestep. Subsequently, the Panel recommends that the latest version of
TUFLOW be adopted for future project stages.
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Figure 10: Design Case 1% AEP 3hr Temporal Pattern 05 HPC Timestep

4.5.2

Flood Immunity
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario, which exceeds the flood impact objectives.

4.5.3

Change in Peak Water Level
Flood impacts are reported in Chapter 12 of the Draft EIS and the Technical Report.
The provided flood impact results were interrogated and compared to the reported
impacts in Table 7.31 of the Technical Report. Some differences of 10-140 mm were
noted including those shown in Table 4.

Table 4: 1% AEP Estimated Peak Water Level Impacts
Structure ID

Reported Impacts (mm)

Impact from Results (mm)

Difference (mm)

205.09

320

332

12

205.14

230

267

37

205.30

330

330

0

205.37

460

507

47

205.87

480

621

141

206.95

230

310

80
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There is also a discrepancy between the results presented in Table 12.61 of the Draft
EIS Chapter 12 and Table 7.42 of the Technical Report. It appears that a table
footnote is included in the peak water level value in Table 12.61, rather than being
superscripted, creating a larger value (see Table 5). This looks to be a reporting error
and should be corrected.

Table 5: Change in Peak Water Level Reporting Error

4.5.4

Change in Duration of Inundation
The EIS reported that several local roads were estimated to have longer average
annual time of submergence (0.56-0.66 hrs) following implementation of the
proposed design. No clarification was provided around whether these impacts were
acceptable to stakeholders.
There was no reporting on change in duration of inundation on private lots. Based on
the reporting, this implies that no private lots see changes in duration of inundation in
excess of 25%. Whilst the 1% AEP change in duration was mapped, the 1% AEP
event is not necessarily critical for change in duration of inundation. Further mapping
may need to be provided to justify this outcome.

4.5.5

Change in Peak Velocity
The EIS reported that peak velocities changed by up to 0.85m/s in some locations,
over areas of up to 1.13 ha. Figure A5-J of the Technical Report showed that the
change in velocity was generally limited to the channels and did not significantly
affect the nearby agricultural land.
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4.5.6

Extreme Events
Extreme event impacts have been assessed and reported upon. The results showed
that some significant changes in peak water level occur in extreme events at local
roads. No conclusions have been drawn regarding the acceptability of these
changes.

4.5.7

Sensitivity Modelling
Future Climate Change
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario. Given the large amount of freeboard present on the alignment at this
location relative to the 1% AEP flood level, it is not anticipated that climate change
would impact the immunity of the alignment.

Future Land Uses
Future land uses of the Gowrie Creek catchment have not been assessed by the
designers. It could be argued that assessing future climate change of this catchment
without including future land uses is an unrealistic scenario because the catchment is
likely to experience a significant increase in development over time.
The Gowrie Creek models developed by TMR (see Section 2.2) include assessment
of future catchment land uses. Consideration should be given to including future land
use estimates within sensitivity models.

Structure Blockage
No sensitivity testing of bridge blockage has been undertaken but it is assumed that
all design bridges, based on the length of the proposed structures, have adequately
large spans and therefore blockage is unlikely to be an issue. No blockage and 50%
blockage of culverts sensitivity runs were completed and indicate similar performance
to the design blockage scenario.
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5

Conclusions

5.1

Overview
A review was completed with respect to the regional models and reporting prepared
in relation to the Gowrie Creek catchment for the Border to Gowrie section of the
Inland Rail project. The proposed rail infrastructure in the B2G section of the Gowrie
Creek catchment consists of two rail-over-road bridge crossings and ten culvert
crossings.
A summary of the model review is provided in Appendix 1.

5.2

Advice and Recommendations
Based on the review of the Gowrie Creek model, the following advice and
recommendations were made in accordance with the Terms of Reference for an
Independent International Panel of Experts for Flood Studies of Inland Rail in
Queensland (Final, June 2020).

5.2.1

Relevant Guidelines
Whether the development of the models and their application
accords with the relevant requirements of national and state
guidelines/manuals (guidelines) for flood estimation and design of
structures in flood prone environments.
Whilst the Gowrie Creek model was generally developed and applied in accordance
with relevant guidelines and manuals, the review identified a number of issues in
relation to the development and application of the models that could affect the
interpretation of the Inland Rail flood impacts. The issues, and the proposed methods
for their resolution, are summarised in Section 5.3.

5.2.2

Floodplain Extent
Whether the extent of the floodplain covered by the flood model is
appropriate, and if not recommendations as to what additional extent
would be appropriate.
The extent of the model was considered suitable.

5.2.3

Calibration
Whether the method, and extent of calibration of the model accords
with guidelines and industry standards for calibration.
The calibration results show that the model replicates both recorded stream gauge
data and flood debris data for two calibration events. Some issues were identified
with the modelling that require clarification, such as the accuracy of the rating curves.
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5.2.4

Validation
Whether the method for validation of the model accords with
guidelines and industry standards and whether the assumptions
used underpin the validation process, and the data points used in the
validation are appropriate.
No validation was performed by the designers for the Gowrie Creek model. Checks of
the peak flows against the QRT and the RFFE by the Panel showed mixed results
and due to the unusual catchment characteristics, no clear conclusions could be
made.

5.2.5

Impacts and Impact Mitigation
Whether the mode adequately accounts for the impacts of the
reference design and whether those impacts are capable of
appropriate local mitigation that either removes the impacts or
reduces the impact to landholders in the area.
The model was deemed suitable for impact assessment; however, modelling and
results of some culverts should be checked to ensure that impacts are being reported
accurately in the draft EIS.

5.2.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments for comments from external stakeholders
in relation to the flood model that arises from the public exhibition of
the draft Environmental Impact Statement (EIS) for the relevant
Inland Rail Project.
The report has been prepared prior to public exhibition and so therefore is not able to
include commentary regarding whether the model is fit for purpose based on
comments from external stakeholders.
The review has indicated that the model is potentially fit for purpose for the EIS
process and to inform the reference design and the mitigation of impacts, subject to
response and clarification for the identified issues.

5.2.7

Best Practice
Whether the reference design for the proposed structure meets
industry standards for railway structures in a floodplain and if so,
whether the reference design is in accordance with best practice.
The review has indicated that the reference design meets industry standards and
best practice, subject to response and clarification for the identified issues.

5.3

Summary of Findings
Table 6 presents a commentary in relation to the focus areas for the panel identified
in the Terms of Reference for an Independent International Panel of Experts for
Flood Studies of Inland Rail in Queensland (Final, June 2020).
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The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 7.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the EIS process. The
work can be completed as part of further design (prior to the use of models for
detailed design) and the requirement to complete the work can be included as a
condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 11 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 7 to allow the relative importance of each
issue to be readily identified.
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Figure 11: Flow Chart for Resolution of Identified Issues
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Table 6: Review of Focus Issues
Focus Issue

Satisfied?

Comment
Extent

Applicability and appropriateness for the relevant design stage (e.g.
reference/detailed etc.)

Yes

The extent of modelling is appropriate for the reference and design stages.

Appropriateness of tool/s selected for flood modelling

Yes

The hydrologic and hydraulic models are appropriate.

Confirmation that key design criteria are considered reasonable and
appropriate compared with typical similar linear infrastructure
projects

Yes

The key design criteria are considered to be reasonable and appropriate.

Assumptions

1

Appropriateness of model arrangements and input parameters

No

Additional documentation and sensitivity modelling is required to confirm that model
arrangements and input parameters are appropriate.

Appropriateness of model calibration process

AIR1

Model calibration is largely considered reasonable and appropriate, but some issues
were identified that require clarification.

Appropriate application of input data (including addressing data
gaps)

AIR

The input data application requires clarification due to several identified issues.

Assumptions around land-use (crops etc.)

Yes

The land-use assumptions are considered appropriate

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

Appropriateness of future events application, e.g. climate change

AIR1

The future events application is appropriate, subject to ISCA requirements in future
stages.

Appropriateness of assumed soil conditions

Yes

Assumed soil conditions are reasonable for the current level of investigation.

AIR stands for Additional Information Required (as summarised in Table 6) in order to confirm that the focus issue is satisfied.
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Focus Issue

Satisfied?

Comment

Application
Appropriate sensitivity analysis to various items e.g. flow inputs,
coefficients

AIR1

Several further sensitivity analyses are recommended.

Appropriateness of change indicators

AIR1

Change indicators are generally appropriate, although a more quantitative approach to
changes in velocity and duration of inundation would be of benefit for the interpretation of
results

Appropriateness of structure and embankment representation
(depending on the stage of the design)

AIR1

Structures and embankments have been appropriately represented however there are
some issues with representation of structures in the model.

Flood frequency analysis

AIR1

FFA is considered appropriate, but due to rating curve uncertainties and missing recent
data, it is recommended that the Gowrie Creek at Oakey FFA be revisited to include the
latest data.
Interpretation

Achievement of Design Objectives

AIR1

Reported flood impacts should be checked to ensure reported values match the
modelling results.

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessment completed with respect to blockage and climate change are
appropriate.

Confirm Inland Rail-related flood impacts, if any, are
comprehensively quantified and interpreted to their local property
context

AIR1

Impacts are mapped and flood sensitive receptors are tabulated indicating conformance
but there is limited discussion provided in the Technical Report. Furthermore,
inconsistencies between modelled and reported flood impacts need to be addressed.

Appropriateness of the alignment, with regard the related flood
impacts, within the current EIS Study Corridor

Yes

The alignment is considered to be appropriate for the current EIS study corridor.

Consider whether reasonable and practical steps have been taken to
mitigate flood impacts, if any, outside of the project boundary

AIR1

Impacts are mapped and flood sensitive receptors are tabulated indicating conformance
but there is limited discussion provided in the Technical Report. Furthermore,
inconsistencies between modelled and reported flood impacts need to be addressed.
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Focus Issue

Satisfied?

Comment

Additional information that would be required to be addressed in the
Detailed Design phase of the program

Yes

It is recommended that the Gowrie Creek at Oakey FFA be revisited during any future
modelling work to include the latest data.

Table 7: Summary of Identified Issues
Item No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level
of Importance

Medium

Checks should be performed
to determine whether parts
or all of the TNSTC models
can be adopted.

High

Sensitivity modelling should
be performed to identify
whether the errors affect
model results meaningfully.

Assumptions

GC1

An alternative
hydrologic and
hydraulic model for
Gowrie Creek was
recently developed by
TMR for Stage 2C of
the Toowoomba North
South Transport
Corridor (TNSTC)
project. The models
correct most of the
identified issues from
the FFJV models used
for the current studies.

GC2

Several subcatchment
nodes and links were
placed incorrectly and
changed from the
previous studies.
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2.2, 3.2

Several errors or omissions
were made in the
development of the
hydrologic and hydraulic
models for the current study
that were later corrected in
the TMR-derived models.

The design flows may
change, resulting in
different impacts.

2.3.1

Incorrect placement of
nodes or linkages could
result in incorrect hydrologic
model outputs.

The design flows may
change, resulting in
different impacts.
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Item No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level
of Importance

GC3

Catchment areas differ
between the XPRAFTS
model and spatial data.
There are also gaps
and overlaps in
catchment boundaries.

2.3.1

Possible use of incorrect
catchment areas in model.

Design flows may be
incorrect throughout the
model

Medium

Designers should
confirm/clarify that the
catchment sizes are correct.

2.3.2

The catchment areas
contributing to some of the
culverts are slightly larger or
smaller than they should be,
depending on inflow
placement.

The impacts may be larger
or smaller than they should
be.

Medium

Justification should be
provided for why the
subcatchments were not split
at the alignment.

2.4.3

Correct catchment areas are
necessary for the hydrologic
model to correctly estimate
flows.

Inflow hydrographs to the
hydraulic model could be
incorrect, resulting in
incorrect impact
estimations.

High

Sensitivity testing should be
performed to identify
whether the identified issues
meaningfully affect model
outcomes.

2.4.4

Detention basins mitigate
flood peaks, so they are an
important feature of the
hydrologic model.

Incorrect modelling could
alter peak flows at the
alignment, resulting in
incorrect impacts.

High

Sensitivity testing should be
performed to determine the
effects of modelling the
basins properly.

2.4.6

Rainfall losses are a key
parameter of the hydrologic
models.

Incorrect losses could
result in incorrect flow
rates at the alignment.

High

Sensitivity testing should be
performed to determine the
effects of using justifiable
rainfall losses.

GC4

The subcatchments
were not split at the
alignment.

GC5

Subcatchment areas
were found to be
inconsistent or
incorrect in some
areas.

GC6

Detention/retention
basins and their details
were not always
accurate and they were
not always linked
correctly in the
hydrologic model.

GC7

The rainfall losses for
both historical and
design storm events
are not sufficiently
justified.
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Item No.

Item/Issue

GC8

The January 2011
event's rainfall
distribution was
inconsistent in
selection of
pluviographs to define
temporal variation. The
applied total rainfall
was also somewhat
inconsistent with
recorded rainfall,
mainly in the Highfields
area of the model.

GC9

The rating curves at
the DNRM stream
gauges have not been
verified with a hydraulic
model.

GC10

An additional two years
of data is now available
at the Oakey gauge
This data includes a
flood peak greater than
350 m3/s which is likely
to change the FFA
estimate
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Reference
Section

Relevance to Assessment

Impact on Design

2.4.7

Incorrect application could
mean that the calibration
was not completed properly.

The flow rates from the
hydrologic model may not
be accurate.

2.8.1

Rating curves are commonly
inaccurate for high flow rate
events due to a lack of
gauging, which is why
verification of the rating
curve using a small and
detailed 2D hydraulic model
is desirable for all adopted
stream gauges.

Whilst the hydraulic model
appears to be well
calibrated, there is clear
uncertainty around the
rating curve at the Oakey
gauge. Improving this
match with a new rating
curve could enable a better
calibration to occur.

2.8.1

It is recommended that the
FFA estimates be revisited
with the latest data prior to
use of the models for further
design work.

Design flows may be
incorrect throughout the
model.

Level of
Importance

Reason for Adopted Level
of Importance

High

Sensitivity testing should be
performed to determine the
effects of using consistently
selected pluviographs and
total rainfalls that are more
consistent with recorded
rainfall data.

High

The current calibration for
surveyed debris levels is
good, but the rating curves
clearly show inaccuracies for
high flow events, so
sensitivity testing should be
performed to check the
influence of using revised
rating curves.

Medium

Checks of the rating curve
should occur to determine
whether a significant
difference in FFA results
occurs.
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Item No.

Item/Issue

GC11

Some hydraulic
controls, such as
existing roads and
railways, were not
enforced within the
Existing Case hydraulic
model.

GC12

Some existing
developments of the
floodplain have not
been properly
incorporated, such as
existing ARTC survey
of the railway,
Toowoomba Second
Range Crossing and
Nass Road Detention
Basin. Some other
developments are
proposed that may be
built before Inland Rail
that have also not been
modelled/tested for
sensitivity: InterlinkSQ
and Charlton North
Urban Stormwater
Management Plan
works.

GC13

Several existing
culverts were modelled
with incorrect lengths
and were incorrectly
placed (outlets placed
in existing rail
embankment).

Reference
Section

Relevance to Assessment

Impact on Design

3.3

Enforcement of the key
topographic features
ensures that the model
correctly assesses flows
over/around roads, railways
and other features.

The impact assessment
results could be different
as a result of this item.

3.3

The current model does not
represent current day
conditions fully and there
has been little to no
consideration of proposed
developments in this rapidly
developing floodplain.

The impacts may be larger
or smaller than they should
be.

3.5, 4.4.1

Culvert lengths affect flows
through the culvert under
some flow conditions.

The impacts may be larger
or smaller than they should
be.

Level of
Importance

Reason for Adopted Level
of Importance

High

A sensitivity assessment
should be performed to
identify whether enforcing
the remaining hydraulic
controls affects the design.

High

A sensitivity assessment
should be performed to
identify whether enforcing
the existing (and maybe the
proposed) developments
affects model outcomes.

High

A sensitivity assessment
should be performed to
identify whether correcting
the culvert lengths affects
model outcomes.
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Item No.

Item/Issue

GC14

The downstream
outflow boundary slope
is steeper than the
channel slope.

GC15

The design storm
event flows differed
somewhat from the
FFA results.

GC16

The bridge form loss
and blockage
parameters were
"typical" values, but
clearly not calculated in
accordance with
Austroads. The layer 2
and layer 3 values are
not consistent with the
TMR Technical
Guideline on
Hydrologic and
Hydraulic Modelling
and no explanation
was provided for how
the bridge parameters
were derived.

GC17

Safety barriers were
not added to the
hydraulic model
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Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level
of Importance

3.6

The outflow boundary slope
affects nearby upstream
water levels.

The impacts are likely to
be minor due to the
distance between the
alignment and the
boundary, but the levels
near the alignment could
be artificially low.

Low

It is unlikely to affect flows at
the alignment because it is
far downstream.

3.7

Matching the FFA flows
ensures that the design
events are a realistic
representation of design
flows.

The design event flows
could be higher or lower
than they should be.

Medium

Checks should be performed
to determine if the
differences between the FFA
results and the hydrologic
model can be reconciled.

3.5

The loss parameters affect
the flood levels and
velocities at bridges.

The use of different
parameters may alter the
hydraulics at bridges,
affecting peak water levels
and velocities near the
alignment.

Medium

Sensitivity testing should be
performed to understand
how the bridges perform
when using calculated
values instead of typical
values.

3.5

Safety barriers have an
influence on water levels in
their vicinity and sensitive to
debris blockage.

Whilst safety barrier is
scarce in this area, there is
a possibility of it affecting
flood levels near the
alignment.

Low

Sensitivity testing should be
performed to quantify the
effect of modelling safety
barriers.
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Item No.

Item/Issue

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level
of Importance

Low

Advice from TUFLOW
recommends that the
TUFLOW version be
updated to address any bug
fixes addressed in
successive versions. This
should be updated in future
stages of the project.

Medium

Normally High, but the single
missing Design Case culvert
is unlikely to alter hydraulic
outcomes.

Application

3.1

The latest TUFLOW HPC
engine contains many
significant improvements
and it has been
benchmarked better than the
2017 version of HPC.

The change in the
hydraulic model solver
could result in slightly
different peak water levels,
velocities and discharges.

4.4.1

Culverts alter flow
behaviours and are a critical
component of hydraulic
modelling.

The flood levels at the
proposed alignment could
change if the missing
structures are added to the
hydraulic model.

Flood levels at culverts
could be artificially high or
low.

High

Sensitivity modelling is
required to determine
whether the incorrect
placement of SX lines affects
the sizing of the culverts.

Flood levels near some
culverts could be incorrect.

Medium

Clarification is required to
determine whether the nonstandard parameters are
justified.

GC18

The adopted TUFLOW
HPC engine was not
the latest version

GC19

Not all culverts were
included in the Design
Case hydraulic model.

GC20

Culvert 1D/2D
connection (SX) lines
are coarsely located,
particularly where the
proposed alignment is
parallel to the existing
railway.

4.4.1

Coarsely placed SX lines
may prevent a proper
calculation of culvert flows
and using SX lines far longer
than the culvert opening can
artificially increase the flow
through the culvert.

GC21

Several culvert loss
parameters are nonstandard.

3.5, 4.4.1

Loss parameters for culverts
affect their conveyance
capabilities.
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Item No.

Item/Issue

GC22

The implementation of
structure blockage
within the hydraulic
model was atypical and
not in accordance with
the TMR Hydrologic
and Hydraulic
Modelling Technical
Guideline. Insufficient
documentation and
justification were
provided.

Reference
Section

4.4.1

Relevance to Assessment

Impact on Design

Blockage of hydraulic
structures is important to
understand the sensitivity of
the design, in addition to the
effects it could have on the
immunity of the alignment.

The rail alignment may
have a lower immunity
than was reported because
the Technical Guideline
suggests applying
structure blockage when
assessing immunity and it
appears that approach was
not adopted.

Level of
Importance

Reason for Adopted Level
of Importance

High

Sensitivity modelling should
be performed to determine
the effects of adopting the
TMR structure blockage
approach.

Very High

Clarification is required
around the impacts.

High

Clarification is required
around whether those
impacts are acceptable to
stakeholders, Council and
TMR in particular.

Interpretation

GC23

Some of the reported
impacts were not
consistent with the
provided hydraulic
model results, with
larger impacts
identified in the
provided results.

GC24

Increases in duration of
inundation were
reported on local
roads, with no
conclusions drawn as
to their acceptability to
Council and TMR.
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4.5.3

4.5.4

The EIS should report
results accurately.

The reported impacts are
larger than was reported.

Impacts must be acceptable.

The design may not
sufficiently mitigate
impacts to roads.
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Item No.

Item/Issue

GC25

Only the 1% AEP
change in duration of
inundation and change
in velocity was
reported, which is
insufficient to draw
conclusions on change
in duration of
inundation and velocity
to stakeholders.

GC26

Future development of
the catchment was not
considered when
assessing future
climate change, which
is an unrealistic
scenario.

Reference
Section

Relevance to Assessment

Impact on Design

4.5.4, 4.5.5

Impacts must be acceptable.

The design may not
sufficiently mitigate
changes in duration of
inundation or changes in
velocity, particularly for
frequent events.

4.5.7

The catchment is developing
relatively rapidly, which can
affect design flows.

The sensitivity of the
design to future
urbanisation is not known.

Level of
Importance

Reason for Adopted Level
of Importance

Medium

Clarification is required
around whether the other
AEP events cause larger
changes in duration of
inundation or velocity.

Medium

Clarification is required in
regard to the future land use
of the catchment and why it
was not considered for
sensitivity assessment.
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Appendix 1 Model Review Summary Tables
Table 8: Hydrological Model Review Summary
Item No.

Description

Checked?

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 2.1

2h

All Model files provided and can results
be reproduced

Yes

Section 2

3h

Catchment extent

Yes

Section 2.3

4h

Sub-catchment delineation

Yes

Section 2.3

5h

Model catchment areas

Yes

Section 2.3

6h

Catchment Parameters (e.g. slope,
roughness etc.)

Yes

Section 2.4

7h

Adopted Parameters - routing

Yes

Section 2.4

8h

Adopted Parameters - losses

Yes

Section 2.4.6

9h

Adopted Parameters - runoff
coefficient

Yes

Section 2.4

Design Representation
1d

Sub-catchment changes to represent
design

Yes

Section 2.6

2d

Model parameter changes to represent
design

Yes

No changes made and not required
for this model.

Flood Frequency Analysis
1f

Gauge records available

Yes

Section 2.8.1

2f

Gauge record length suitable for FFA

Yes

Section 2.8.1

3f

Compare design flow estimates to FFA

Yes

Section 2.8.2

4f

Annual Maximum Series

Yes

Section 2.8.1

5f

Number of years input to FFA
calculation

Yes

Section 2.8.1

6f

Historical events

Yes

Section 2.8.1

7f

Censoring and filters

Yes

Section 2.8.1

8f

Probability distribution

Yes

Section 2.8.1

9f

Low flow filtering

Yes

Section 2.8.1
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Item No.

Description

Checked?

Additional Information

Calibration
1c

Model Calibration/Validation

Yes

Section 2.5

2c

Calibration data

Yes

Section 2.5

3c

Calibration events and magnitude

Yes

Section 2.5

4c

Review rating curves

Yes

Section 2.8

ARR 2016/2019
1a

Design flow estimates sufficient

Yes

Section 2.7

2a

Use of ARR 2016/2019

Yes

Section 2.7

3a

Critical duration

Yes

Section 2.7

4a

Mean temporal pattern selection

Yes

Section 2.7

5a

IFD rainfall data

Yes

Section 2.7

6a

Temporal pattern zone

Yes

Section 2.7

7a

Areal varied patterns

Yes

Section 2.7

8a

Areal reduction factors

Yes

Section 2.7

9a

Design rainfall losses - Calibration
events

Yes

Section 2.4.6

10a

Design rainfall losses - ARR data hub

Yes

Section 2.6.3

Alternative Validation Method
1am

Alternative validation method used
FFA/RFFE

Yes

Section 2.7

2am

Design flow comparison to FFA/RFFE

Yes

Section 2.7

3am

Is the RFFE appropriate for the
catchment

Yes

Section 2.7
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Table 9: Hydraulic Model Review Summary
Item No.

Description

Checked

Additional Information

Hydraulic Model Setup
1h

Model Software

Yes

Section 3.1

2h

All Model files provided and can
results be reproduced

Yes

Section 3

3h

Model extent

Yes

Section 3.1

4h

Model setup

Yes

Section 3

5h

Model boundaries

Yes

Section 3.6

Control
1c

TUFLOW run log

No

Not provided

2c

TUFLOW Version

Yes

Section 3.1

3c

Solver

Yes

Section 3.1

4c

Timestep

N/A

Adaptive

5c

Materials/roughness definition

Yes

Section 3.4

6c

TUFLOW Materials File

Yes

Section 3.4

7c

Direct Rainfall - Losses

NA

Lumped inflows adopted

Calibration
1c

Model Calibration/Validation

Yes

Section 3.7

2c

Calibration data

Yes

Section 3.7

3c

Calibration events and
magnitude

Yes

Section 3.7

Events and Scenarios
Events and Scenarios

Yes

Section 3.8

1% AEP

Yes

Section 3.8

Climate change

Yes

Section 4.5.7

Blockage

Yes

Section 4.5.7

Extreme events

Yes

Section 4.5.6

Other sensitivity assessments

Yes

Section 4.5.7

2e

Start and end times

Yes

No issues identified

3e

Initial conditions

Yes

None used and not required

1e

40 | March 17, 2021

Appendix M: Gowrie Creek Regional Models Review – Draft Report on Review of Border to Gowrie Section
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Item No.

Description

Checked

Additional Information

4e

Event text

Yes

No issues identified

5e

Scenarios and variables

Yes

No issues identified

Boundary Conditions
1b

Inflow location

Yes

Section 3.6

2b

Inflow values

Yes

Section 3.6

3b

Boundaries

Yes

Section 3.6

4b

Direct rainfall volume check

NA

Lumped inflows adopted

5b

1D connection type

Yes

Section 3.5

6b

1D connections

Yes

Section 3.5

7b

Channel connections

NA

No 1D channels adopted

8b

Active cells

Yes

Section 3.1

Geometry
1g

Cell orientation

Yes

Section 3.1

2g

2D active cells

Yes

Section 3.1

3g

Model extent

Yes

Section 3.1

4g

Material check

Yes

Section 3.4

5g

Material check (Design scenario)

Yes

Section 3.4

6g

Elevation raster check

Yes

Section 3.3

7g

Bridge representation

Yes

Section 3.5

8g

Breaklines

Yes

Section 3.3

9g

Topographic modifications

Yes

Section 3.3

1D Network – Existing
1e

1D input check

Yes

Section 3.5

2e

Cover check

No

3e

1D continuity

Yes

Section 3.5

4e

1D locations & sizing

Yes

Section 3.5

5e

1D losses

Yes

Section 3.5

6e

1D blockage

Yes

Section 3.5

7e

1D connection type

Yes

Section 3.5
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Item No.

Description

Checked

Additional Information

8e

1d connection grid cell check

Yes

Section 3.5

9e

1d network invert levels & outlet
check

Yes

Section 3.5

10e

Channel selection

NA

11e

No. cross-sections

NA

12e

Channel representation

NA

13e

Channel input values

NA

14e

1D IWL

NA
Design Representation

1d

1D locations & sizing

Yes

Section 4.4.1

2d

1D input check

Yes

Section 4.4.1

3d

Cover check

Yes

Section 4.4.1

4d

1D continuity

Yes

Section 4.4.1

5d

1D blockage

Yes

Section 4.4.1

6d

1D connection type

Yes

Section 4.4.1

7d

1d connection grid cell check

Yes

Section 4.4.1

8d

1d network invert levels & outlet

Yes

Section 4.4.1

9d

Bridge representation

Yes

Section 4.4.2

10d

Topographic modifications

Yes

Section 4.2

11d

Design criteria flood level
impacts

Yes

Section 4.5.3

12d

Design criteria duration of
flooding impacts

Yes

Section 4.5.4

13d

Design criteria hazard category
impacts

No

Not assessed by FFJV in detail

14d

Design criteria velocity and flow
direction impacts

Yes

Section 4.5.5

Results
1r

Can results be replicated

Yes

No issues identified

3r

Review negative depths

Yes

None identified

4r

Review timestep outputs for
HPC

Yes

Section 4.5.1
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Item No.

Description

Checked

Additional Information

5r

Check raster outputs for
irregularities

Yes

Section 4.5

6r

Check .csv outputs for culverts

Yes

Section 4.5
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1

Introduction
This report presents the findings of the review by the Independent International Panel
of Experts for Flood Studies of Inland Rail in Queensland of the geomorphology
assessments completed by the Future Freight Joint Venture (FFJV) in support of the
draft Environmental Impact Statement (EIS) and Feasibility Design Report (FDR) for
the Border to Gowrie (B2G) section of the Inland Rail Project.
The Coordinator-General’s (OCG) Final Terms of Reference (TOR) is limited in its
requirements to assess geomorphological impact. However, Item 11.54 of Water
resources asks for “Identification and mapping of soils that would require particular
management due to wetness, erosivity, depth, acidity, salinity, contamination or other
relevant features in the project description”.
A review of Chapter 12 Surface Water and Hydrology and Appendix Q Hydrology and
Flooding of the draft EIS documents prepared for the B2G section of the Inland Rail
has been undertaken to determine the level of consideration given to address this
requirement i.e. “the level of interference with watercourses and floodplain areas”.
Such an assessment involves the consideration of fluvial geomorphic processes and
considers the environmental impacts to floodplain, channel, sediment transport and
waterway health.
An overview of the level of detail on such processes included in the draft EIS, an
assessment of the knowledge gaps, consideration of the potential unknown impacts
associated with those knowledge gaps, and a high-level assessment of the work
required to fill those gaps is provided in the following sections.
It should be noted that fluvial geomorphic processes and their interaction with the
infrastructure proposed may be discussed in other chapters and appendices of the
draft EIS not visible to the Panel. For example:
•

Chapter 8 Land Resources

•

Appendix I Landscape and Visual Assessment Technical Report

•

Appendix M – Surface Water Quality Technical Report

Chapter 8 Land Resources (which covers topography, geology, soils and soil
conservation works) says a qualitative risk assessment within the land resources
study area was undertaken for geomorphology but does not detail this.
Appendix M – Surface Water Quality Technical Report touches briefly on channel
morphology in Section 6.4.2 by the need for three waterway diversions. This section
also mentions a high-level program for undertaking in-stream works based on the
level of risk related to each waterway.
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2

Geomorphology

2.1

Overview
Consideration of fluvial geomorphic processes within, upstream and downstream of a
waterway crossing prior to design is considered best practice within the industry
(Queensland Department of Transport and Main Roads, 2019). This gives better
control when preparing detailed design and construction specifications, and ultimately
reduces risk and cost.
A geomorphic assessment of the channel and floodplain characteristics, particularly
when combined with hydraulic modelling results of the existing and developed case,
allows for an appreciation of the natural dynamism of fluvial environments and can
prevent catastrophic damage to roads, waterways crossings and infrastructure. This
should be conducted prior to a detailed design phase to give a greater understanding
of the limitations and potential risks associated with a particular crossing.
The draft EIS as it stands, largely ignores fluvial geomorphic processes. The
presented assertions, risk assessment items and proposed mitigation measures
(which are almost all highly generalised and/or deferred to detailed design) appear to
be based on the assumption that the channels located at the waterway crossings will
remain where they are and at the same dimensions for the duration of the crossing
design life.
It is only where the channel is located at laterally and vertically bedrock-controlled
valley settings is this assumption 100% correct. Many of the mitigation measures
listed in the draft EIS that relate to impacts on riverine health lack sufficient detail to
provide confidence in a reduction in risk associated with geomorphic processes.

2.2

Waterway Crossings
Lateral migration of channels in SEQ is generally slow; however, the variety of river
types and conditions across SEQ is vast. Rivers vary significantly based on, for
example, climate, vegetation, catchment size, geology, valley slope and
anthropogenic pressures. Almost all waterways along the alignment are likely to be
undergoing bed deepening at varying rates, a process that leads to steepening of the
banks, subsequent bank collapse and channel widening. Importantly, almost all the
waterways which are intersected by the Inland Rail alignment are dynamic and
actively changing either episodically (related to high flow events) and/or gradually
(changing under base flow conditions). The draft EIS does not characterise or
consider such changes in the assessment of waterway crossings.
Hard structures in waterways, such as culverts and weirs are problematic in most
fluvial settings (particularly in vertosol soil environments) due to the dynamism of
these waterways. These structures will stay in one place whereas the channel may,
move laterally, deepen, or widen. Due to the variability in river types and condition
along the alignment there is no universal solution to any given issue at a crossing.
Rivers are dynamic, and they respond to various pressures through complex
processes.
Simple adoption of box or pipe culvert designs on a waterway based solely on flow
conveyance (without a waterway assessment) is not best practice and potentially
leads to various issues including impacts to waterway health in addition to potential
failure of the culvert structure, through undermining or outflanking.
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There has been no assessment of upstream and downstream channel conditions and
processes to gain an understanding of the likely rate or trajectory of channel change
at proposed crossing locations. There has also been no consideration of the likely
river health and stability impacts imposed by bridge and culvert crossings, which are
likely to extend further (upstream and downstream) than the draft EIS disturbance
footprint.

2.3

Minor Waterways
Many waterways have been classified as minor waterways as they have catchment
areas of less than 10 km2. However, some of these require relatively large drainage
structures with:
•

Pipe culverts of up to 23 pipes that are up to 2.4 m in diameter (71 pipe culverts
classified as minor waterway crossings).

•

Box culverts of up to 35 sections (87 box culverts classified as minor waterway
crossings).

•

Bridges with spans of up to 141 m (5 bridges classified as minor waterway
crossings).

Such structures are likely to result in impacts to river health and have a high
likelihood of failure if not designed with an understanding of the nature of upstream
and downstream fluvial processes (and known failure mechanisms associated with
waterway crossings). Particularly, as instream structures such as culverts will
generally have a higher impact on hydraulic processes, waterway health and channel
stability when compared to bridges. Various other factors also need to be considered,
including catchment slope, local rainfall characteristics, channel size and sediment
transport processes.
Hard structures that have had no site-specific consideration to gauge their suitability
are likely to impose limits on sediment transport and/or increase scour. This will lead
to high ongoing monitoring and maintenance costs.

2.4

Crossing Example
An example is provided below to highlight the nature of some of the issues and risks
associated with the lack of detailed assessment contained within this draft EIS.
However, the scale of these issues is not isolated to this single location. A total of
163 waterway crossings are omitted from the draft EIS due to their classification as
minor or moderate waterway catchments. This represents 147.5 km2 of catchment
area along the 207 km length of the B2G rail alignment and the potential for net
environmental impacts across a large area of southern Queensland.
Along tributaries of Back Creek (a tributary of the Condamine River) 18 waterway
crossings are omitted from the draft EIS. This represents a combined catchment area
of 17.88 km2. Sediment transport may be reduced through construction of the culvert
crossings, leading to a decreased sediment budget in Back Creek.
Reduced sediment budget leads to bed degradation and subsequent channel
widening. This may impact upon environmental values and result in increased
maintenance costs (and operational disruption) associated with the replacement
and/or maintenance of these structures, particularly when considering the relatively
steep slope of some of these catchments and the associated flow velocities.
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2.5

Black Vertosol Soils
Black vertosol soils are prevalent within the study area (sometimes referred to as
black earths or cracking clays; Vanderstaay A. G., 2000a and Vanderstaay A. G.,
2000b). In general, these soils can extend to between 1 and 4 meters deep and have
very little resistance to erosion through flowing water or immersion. These soils are
readily observed in the bank profile along many waterways in this area. These highly
erodible vertosol sediments generally make up the surface layer of some valley fills.
Vertosol soils must be considered in detail through any design process for the
following reasons:
•

These sediments, combined with the concentration of flow in the channel, have
led to significant incision in this area.

•

Exposed vertosol bank sediments, especially but not only when combined with
incision are a significant problem in this area and lead to bank collapse and
channel widening.

•

Concentrated overland flow has led to many large floodplain gullies in the area
such as those on Dry Creek. As with the bank collapse and channel widening,
this is an escalated problem in this area due to the easily erodible nature of the
vertosol bank sediments.

•

Hard structures such as concrete or rock are known issues in these soils.

Although this is a known problem, very little is known about remediation in these soils
and many trials have failed. There are no stream management guidelines that
currently address waterway management in vertosol soil landscapes. However,
numerous studies into erosion and waterway stability in vertosol environments were
undertaken in the 1980’s, most notably Sallaway (1985) and Truong (1983) both
commissioned by the then Queensland Department of Primary Industries.
Truong (1983) investigated “waterway” instability in several regions across
Queensland including North Queensland, Capricornia, Burnett, Near North Coast,
Near South West, Moreton and the Darling Downs. All regions were found to
experience severe gullying into the floodplain and, in most cases, this was attributed
to a lack of vegetation, difficulties in vegetation establishment, and/or poor
maintenance.
Sallaway (1985) focused on the central highlands. He found that perched and
constructed waterways do very poorly and attributed this to the disturbance of the
soil. Sallaway (1985) recognised that many of the waterways are in a state of
dynamic equilibrium and states the following regarding the stabilisation of waterways
in these landscapes:
“without a detail understanding of the geomorphology of these
catchments, and a detailed survey of the geometry of each individual
catchment a guaranteed stable design could not be given”.
Sallaway (1985) cites Schumm (1977) and discusses catchment/waterway system
stability in terms of threshold exceedance and complex response. These thresholds
are dependent on slope, sediment supply and flow conditions and the sensitivity of
the floodplain during large-scale rainfall events (Schumm, 1973; Lewin and Macklin,
2003).
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2.6

Potential Impacts
A lack of understanding of the likely rate or trajectory of channel change at crossing
locations will come at a high cost, both to environmental values and the operator
(through maintenance and operational disruption). The potential ramifications of
omitting “minor” catchments from the draft EIS and not considering these processes
prior to detailed design for all waterway crossings include, but are not limited to:
•

•

Environmental Impacts:
o

Floodplain or channel scour leading to widespread channel change or
avulsion, resulting in destruction of riparian vegetation, decreased aquatic
habitat and increased sediment load.

o

Initiation or exacerbation of bed deepening process resulting in environmental
impacts such as bank collapse, channel widening, destruction of riparian
vegetation, decreased aquatic habitat and increased sediment load.

o

Disconnection of fish passage (both upstream and downstream), not only
associated with the physical barrier of pipe culverts but, in some instances,
the resulting sediment influx which may result in reduced aquatic habitat.

Risks to infrastructure requiring high maintenance costs.
o

Bridge spans not sufficient to account for channel movement, leading to
bridge abutments being vulnerable to erosion due to channel migration or
avulsion. May also lead to very high maintenance costs.

o

Inappropriately designed waterway crossings (pipe culverts) leading to scour,
undercutting, and out outflanking leading to environmental impacts such as
destruction of riparian vegetation, decreased aquatic habitat and increased
sediment load. May also lead to very high maintenance costs.
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Conclusions
The TOR for the draft EIS did not require a geomorphic assessment. Therefore, the
omission of this assessment from the draft EIS is accepted. However, based on a
review of the available information, it appears that the current design lacks any
critical consideration of the environmental impact to waterways and fails to provide
any confidence that risks to the environment can be mitigated. To properly
understand the risks and impacts to environmental values associated with riverine
processes, a geomorphic condition assessment should be carried out across all
intersected waterways. Only then can an informed decision be made regarding the
options for mitigation of that risk.
This can be undertaken, in the first instance, at a reasonably high level. For example,
the implications for channel change resulting from the proposed design can be based
on a desktop assessment by an appropriately qualified and experienced fluvial
geomorphologist. This process can be used to flag high risks associated with various
waterways. However, prior to detailed design these high-risk sites should be
assessed in detail to provide guidance on design considerations to mitigate
environmental impacts and to reduce the likelihood of failure (and therefore
maintenance costs).
Instream structures such as culverts will generally have a much higher impact on
hydraulic processes, waterway health and channel stability when compared to other
design options like bridges. Proper consideration of geomorphic processes at these
structures may indicate the necessity to change the proposed design to achieve an
acceptable design outcome. Therefore, the omission of a geomorphic condition
assessment from the design process represents an underrepresentation of the
potential for environmental impacts and high ongoing monitoring and maintenance
costs.
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Recommendations
The review identified a number of areas where additional work is required, either as
part of further design stages or to provide additional documentation to the Panel. The
items identified in the review are summarised in Table 1.
To facilitate the resolution of the identified issues, each issue has been assigned a
level of importance, as described below.
•

Low Importance
Additional work is required that will not significantly affect the draft EIS process.
The work can be completed as part of further design (prior to the use of models
for detailed design) and the requirement to complete the work can be included as
a condition of approval.

•

Medium Importance
Clarification or confirmation is sought in relation to an aspect of the supplied
reports and models. Depending on the response to the issue by FFJV, the issue
can be addressed via conditions of approval if required (i.e. it is deemed to be of
low importance) and prior to the use of models for detailed design or via
sensitivity testing (i.e. it is deemed to be of high importance as a result of the
response).

•

High Importance
Sensitivity testing is recommended to determine the significance of the issue to
the interpretation of Inland-Rail related flood impacts and for documentation and
modelling regarding the results of the sensitivity testing to be supplied to the
Panel to confirm whether the issue can be dealt with (if necessary) by conditions
of approval (i.e. the item is deemed to be of low importance on the basis of the
sensitivity assessment) and prior to the use of models for detailed design or
whether the issue affects the interpretation of results.

•

Very High Importance
An issue of significance that warrants the revision of the documentation provided
to the panel to include either the documentation of additional justification
regarding a conclusion drawn or amended flood modelling. Such issues will need
to be addressed prior to the models being used for detailed design.

Figure 1 presents a flow chart indicating the process by which it is proposed to
resolve each issue relative to its assigned level of importance. The colour-coding
used in the figure was applied to Table 1 to allow the relative importance of each
issue to be readily identified.
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Figure 1: Flow Chart for Resolution of Identified Issues
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Table 1: Summary of Identified Issues
Item
No.

G1

G2

Item/Issue

No assessment of
upstream or downstream
channel condition and
processes to gain an
understanding of the likely
rate or trajectory of channel
change

Impacts of minor waterway
crossings not assessed

Reference Section

Relevance to
Assessment

Impact on Design

2.1, 2.2, 2.5

Required to be able to
identify risk and quantify
impact of proposed rail
alignment and structures
on waterways

Not accounting for
changes in waterway
location and
condition over the life
of the project.

2.3

Cumulative impact of
minor waterway
crossings not considered
as a result of the
omission

Not accounting for
changes in waterway
location and
condition over the life
of the project.

Level of Importance

Reason for Adopted Level of
Importance

Low

A geomorphic condition
assessment completed by an
appropriately qualified and
experienced fluvial
geomorphologist is not
definitively documented.
Leaving this assessment until
detailed design may result in
sub-optimal design solutions,
the need for redesign, as well
as the potential for
environmental impacts and
high ongoing monitoring and
maintenance costs.

Low

Instream structures such as
culverts will generally have a
much higher impact on
hydraulic processes, waterway
health and channel stability
when compared to bridges.
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