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1

Introduction

1.1

Abbreviations and Definitions
Abbreviation

Meaning/Definition

1D

One-dimensional

2D

Two-dimensional

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

BRVFMP

Border Rivers Valley Floodplain Management Plan

Disturbance footprint

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

DPIE

NSW Department of Planning, Industry and Environment

EIS

Environmental Impact Statement

FDR

Feasibility Design Report

FFA

Flood frequency analysis

FFJV

Future Freight Joint Venture

GRC

Goondiwindi Regional Council

IFD

Intensity – Frequency – Duration

LiDAR

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

NS2B

North Star to NSW/QLD Border section

PIR

Preferred Infrastructure Report

PMF

Probable Maximum Flood

QDLs

Quantitative design limits
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1.1

Abbreviation

Meaning/Definition

RFFE

Regional Flood Frequency Estimation approach1

SEARs

Secretary’s Environmental Assessment Requirements

ToR

Terms of reference

TUFLOW

TUFLOW, hydraulic software by BMT

URBS

Unified River Basin Simulator, hydrologic software by D.G. Carroll

Overview
This report presents the findings of the 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 supported the draft EIS. These were based on design event probabilities in
accordance with Australian Rainfall and Runoff (Ball, et al., 2019) and not the large
design flood of the Border Rivers Valley Floodplain Management Plan (BRVFMP)
(Office of Environment and Heritage, 2020)
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);

1

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

2 | August 13, 2021

North Star to NSW/QLD Border Preferred Infrastructure Report Models Review – Supplementary Report on Review
of Draft Border to Gowrie EIS
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

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.”
In releasing its Draft Report on Review of Border to Gowrie Section (Independent
International Panel of Experts for Flood Studies of Inland Rail in Queensland, March
17, 2021), the Panel noted the originally provided models and reports for Macintyre
River catchment within Queensland out of NS2B were thus out of scope.
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 at the commencement of the EIS phase, 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 have also run the model using the 1976 historical flood as a design event for
comparison to the 1% AEP design event in the PIR. 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.”
ARTC have subsequently supplied the Panel with the PIR submitted to DPIE in
conjunction with the revised hydrologic and hydraulic models that support the PIR for
review. A summary of the findings, that is the issues identified in the review is
provided in Section 5.6. A summary of all model review items can be found in
Appendix 1.
The following FFJV reports were included in this review:
•

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

•

Inland Rail North Star to NSW/QLD Border EIS, Appendix H – Hydrology and
Flooding Technical Report , Revision 01, 11 May. (Future Freight Joint Venture,
May 2020), herein referred to as the EIS Technical Report
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•

North Star to NSW/QLD Border Feasibility Design Report, Section 8 Drainage,
Revision 1, 23 March.(Future Freight Joint Venture, 2020), herein referred to as
the FDR; and

•

Inland Rail: North Star to NSW/QLD Border Preferred Infrastructure Report–
Hydrology and Flooding, Revision 0, 5 May. (Future Freight Joint Venture, May
2021), herein referred to as the PIR.

The TUFLOW hydraulic models and the 12d models containing the calculations that
accompanied the FDR, which were used to assess catchments less than 10 km2 in
size, were not part of this review.

1.2

Catchment Extent
Figure 1 shows the extent of the Macintyre River catchment as well as the catchment
breakup for the individual hydrologic models.
The corresponding hydraulic model extent is also shown and generally covers the
Lower Floodplain catchment.
The hydrologic and hydraulic models cover areas withing the states of Queensland
and New South Wales.

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, May 2020),
Section 13.6.3 of Chapter 13 (Future Freight Joint Venture, 2020)) and Section 2.2 of
the Preferred Infrastructure Report (Future Freight Joint Venture, May 2021) 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 2019 version of
Australian Rainfall and Runoff (ARR) as well as the large design flood of the
BRVFMP (the historical 1976 flood event).
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:
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•

The application of the methodology.

•

The sizing of drainage structures.
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Figure 1: Macintyre River Catchment Extent (Future Freight Joint Venture, May 2021)
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1.3.2

•

The assessment of the impacts.

•

The level of detail provided in the PIR to justify assumptions made in the
modelling.

Community Consultation
It is understood that ARTC, in conjunction with FFJV, have undertaken consultation
with all affected landowners as contained in Appendix D – Consultation Summary
Report of the EIS and Section 8 Engagement of the PIR. It is assumed that this
consultation included a discussion of site-specific impacts for minor, moderate and
major catchments with reference to the flood management objectives.

1.4

Previous Studies
The EIS Technical Report – Volume I listed eight relevant previous studies that were
coincident with the Macintyre River study area:

1.5

•

Melbourne-Brisbane Inland Rail – Hydrologic and Hydraulic Modelling Illabo to
Stockinbingal and North Star to Yelarbon, (01-2700-PD-P00-DE-0010), (SMEC
Australia Pty Ltd, November 2016)

•

Melbourne-Brisbane Inland Rail – 2016 Phase 1 Continuity Alignment Report
North Star to Yelarbon (01-2700-PD-P00-DE-0008),(WSP | Parsons Brinckerhoff,
January 2017)

•

Melbourne-Brisbane Inland Rail – 2017 Phase 2 Preparatory Alignment
Assessment Report North Star to Yelarbon (01-2700-PD-P00-DE-0011) (WSP |
Parsons Brinckerhoff, May 2017)

•

Floodplain Management Plan for the Border Rivers Valley Floodplain, (Office of
Environment and Heritage, 2020), out of DPIE, which was then a 2018 Draft.

•

Toomelah Flood Risk Assessment, (Water Technology Pty Ltd, September 2016)

•

Goondiwindi Environs Flooding Investigation (Cardno Lawson Treloar Pty Ltd,
March 2007)

•

Moree and Environs Floodplain Risk Management Plan (Parsons Brinckerhoff
Australia Pty Ltd, 2008)

•

Boggabilla Floodplain Rick Management Plan (BG&E Pty Ltd, April 2015).

Scope of the Review
This review assessed only the regional flooding models of the Macintyre River
section of B2G, specifically, the Macintyre River URBS models and the Macintyre
River TUFLOW model. It is important to note that the Macintyre River models also
cover the NS2B section of the Inland Rail alignment. This review has examined the
models in their entirety. However, the impacts of the proposed development have
only been reviewed in areas where they affect the B2G section of the alignment.
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2

Hydrological Model Review

2.1

Overview
The hydrologic review mainly refers to Appendix A of the PIR report (dated May
2021). The hydrologic modelling files were also provided for the purposes of this
review. The FFJV adopted the available DPIE URBS hydrological models for the
Border Rivers and have made improvements to the models to calibrate them to the
2011 flood event as well as to ensure they are fit for purpose for ARR 2019 design
event modelling.
Additionally, models for Ottleys Creek and the lower Macintyre River (Lower
Floodplain) were built for the purposes of the study to ensure there was suitable
definition of inflows to the TUFLOW hydraulic model. The URBS model is structured
so that the Lower Floodplain model receives inflows from the four upstream models
at the appropriate junctions. The Lower Floodplain model extends some 15km
downstream of Goondiwindi on the Macintyre River, whereas the model for the prior
EIS had its outlet at the stream gauge in town. This allows potential interactions with
local tributaries (Strayleaves, Forest, Back, and Mobbindry Creeks) to match the
hydraulic model extent. Significantly, the watershed of Commoron Creek is removed
from the model taken forward in PIR, with it proved to be hydrologically independent
from any crossings on Inland Rail in the EIS Technical Report. Figure 1 shows the
respective catchments and models alongside the proposed inland rail alignment.
Table 1 outlines the respective catchment areas of the models output from the URBS
log files.

Table 1: URBS Model Catchment Areas
Model

Total catchment area (km2)

Macintyre Brook

3,983

Dumaresq

9,093

Macintyre River

6,892

Ottleys Creek

1,234

Lower Floodplain

24,661 (total incl. upstream catchments)

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

Software
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 2016/2019 editions of Australian Rainfall and Runoff. 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.
The hydrologic modelling approach used an industry standard modelling package
(URBS), which is generally considered to be fit for purpose. A review of the modelling
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work indicated several shortcomings that may impact the accuracy of the results.
These are summarised in the following sections.

2.3

Catchment Delineation

2.3.1

Existing Case
Sub-catchment delineation for the Lower Floodplain and Ottleys Creek models were
provided as part of the review process. As discussed in the provided reports subcatchment delineation for the DPIE models (Macintyre Brook, Dumaresq and
Macintyre River) was not provided.
Figure 2 shows a map of the sub-catchment delineation from the provided spatial
data. It was observed in the review that there is overlap of sub-areas in the Ottleys
Creek and Lower Floodplain models which is incorrectly adding area to the overall
model. The estimated area of the overlap is approximately 47 km2 which in the
context of the larger Macintyre River catchment is not significant. It should be noted
that without the upstream catchment delineation for the remaining three inflow
catchments these junctions are unable to be checked for any inconsistencies by the
reviewer.
Sub-catchment areas range from 26 km2 to 277 km2 within the greater URBS model.
Ideally catchment areas should be relatively uniform in the URBS model. It is unclear
whether the variations in size affect model outcomes.

2.3.2

Developed Case
No changes were made to the sub-catchment delineation between the existing and
the developed condition model, which is acceptable in this instance. However, the
proposed rail alignment does bisect several sub-catchments. It is recommended that
consideration be given to splitting sub-catchments at the alignment to allow the
model to accurately estimate the discharges upstream and downstream of the
alignment where local structures are affected, that is not major floodplain flows.
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Figure 2: Lower Floodplain and Ottleys Creek Sub-catchment Delineation
Conflicts

2.4

Calibration Event Model Inputs

2.4.1

Parameters
URBS relies on a number of key parameters to represent runoff and storage within
each sub-catchment.
Table 2 below shows the adopted parameters across the three calibration events.
The parameters are within the expected ranges for the URBS model. A non-linear
channel routing approach has been adopted noting that when the non-linear routing
parameter (n) is less than one, channel routing increases in celerity with increased
flow. This is most likely due to large flows circumventing the floodplain and therefore
having shorter routing lengths.
The beta parameter, dealing with catchment lag, of 1.2 is on the lower end of the
reasonable range in URBS (1 - 9), furthermore the value suggests a relatively flashy
catchment response. It would be expected to see variation in the Beta parameter
across the various models (alpha is varied through reach factors) to account for the
differing sub catchment storage responses from the upper catchment hills to the
lower flat floodplain.
The Alpha value, the channel lag parameter, of 0.45, is larger than the 0.20 value
adopted in the EIS Technical Report.
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Table 2: Adopted URBS Calibration Parameters (Table A3 from PIR report)

2.4.2

Dam Storages
There are three main dam storages within the greater Macintyre River catchment, the
storage-level-discharge characteristics being supplied with the original DPIE models.
The provided reports contain limited discussion on the assumptions used to model
these storages in each calibration event, that is, what the initial storage level was.
Table 3 outlines the data extracted from the URBS models for the purpose of this
review.

Table 3: Dam Storage Initial Conditions and Results
Event

Dam

Model

1976

Coolmunda

Brook

Glenlyon

1996

2011

Volume
before full
(ML)2

Peak inflow
(m3/s)

Peak outflow
(m3/s)

03

1,857

1,783

Dumaresq

0

933

277

Pindari

Macintyre

0

Coolmunda

Brook

Glenlyon

No dam in place during 1976
event

1,200

797

762

Dumaresq

130,000

414

0

Pindari

Macintyre

180,000

698

1.8

Coolmunda

Brook

0

670

661

Glenlyon

Dumaresq

0

631

280

Pindari

Macintyre

0

1,167

1,133

2

Volume before full is an URBS term which refers to the full supply volume of a dam minus the
volume of water in the dam at the start of a storm.

3

The Border to Gowrie section calibrated hydrologic models to the 1976 floods. The Coolmunda Dam
Volume before full (ML) adopted 0 in the 1976 event, consistent with this PIR

August 13, 2021 | 11

North Star to NSW/QLD Border Preferred Infrastructure Report Models Review – Supplementary Report on Review of
Draft Border to Gowrie EIS
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

The 1996 event appeared to have relatively empty storages matching the statement
in the PIR “Levels in Pindari Dam were low prior to the January 1996 flood" whilst for the
1976 and 2011 events the modelled storages were full i.e. spilling with first inflow.
Only the Glenlyon dam appears to have any significant attenuation of outflows when
it is spilling. Sufficient discussion of dam headwater, inflow and tailwater gauge data
for the three calibration events is included in the PIR to conclude initial dam volumes
were also recorded.

2.4.3

Rating Curves
There was significant consideration of rating curves throughout the catchments by
the FFJV modellers. As discussed in the various reports, there is significant
uncertainty introduced to the calibration process from published rating curves at all
gauges. Rating curves in the lower catchment are further complicated by floodplain
flows and breakouts. In general, there is sufficient discussion and consideration given
to the uncertainties of the rating curves with appropriate due diligence applied. In
particular, the 1976 rating curve at Boggabilla has been discounted and the newer full
floodplain curve applied to the 1976 calibration. The highest gauged stage here was
actually captured in the 1996 historic event including an estimate of breakout flows
upstream.
Figure 3 shows an extract from the URBS model for the Dumaresq River in the 2011
calibration event, which was predominantly a Dumaresq River flood. It is noted that
the volume recorded at the gauge upstream at Bonshaw weir was higher than the
volume recorded at the downstream Glenarbo stream gauge highlighting potential
storage not replicated in the URBS model or rating curve issues at one or both of
those gauges.

Figure 3: January 2011 Dumaresq URBS File Output
The Goondiwindi gauge calibration performs poorly (at high flows) for all three major
flood events in the URBS Lower Floodplain model. The TUFLOW model showed
significant improvement due to its ability to model the complex floodplain and
breakout flows accurately. It could be considered to use the TUFLOW model to
inform the rating curve (and the upstream breakouts) in the URBS model at this
location. Ensuring the URBS model reflects high flows well at the Goondiwindi gauge
would have benefits for design event critical duration and temporal pattern selection.
It was also noted from the URBS models that the same rating curves have been used
for all three calibration events i.e. 1976, 1996 and 2011. There is discussion on the
uncertainties and difficulties of the rating curves and how they have changed over
time in the reports without mentioning specifics. Again, sufficient consideration has
been given to the changes in floodplains such as levees, to the construction of
storages between events and to the physical movement of the gauges to ensure the
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use of the same rating curve is an appropriate approach. This issue seems most
applicable at the Goondiwindi township with a nearby levee, however there is no
recorded flow at Goondiwindi in 1976 and it is expected that there was little relative
change to the catchment and gauge characteristics between 1996 and 2011.

2.4.4

Rainfall Pluviographs
The PIR reviews the rainfall/ pluviograph data adopted for the calibration, extending
the stations and rainfall distribution adopted for the BRVFMP. In many cases,
particularly older events for which data is more limited, it is necessary to consider
whether the recorded rainfall data is representative and to consider the sensitivity of
flow to changes in rainfall distribution. The revised calibration sourced a few
additional rainfall pluviographs and employed more advanced techniques for
distributing the rainfall across the catchment. The gauge pluviograph data for each
event was reviewed for quality to identify suspect or missing data and also for
consistency with nearby gauges.

2.4.5

Rainfall Losses
The adopted calibration event rainfall losses are shown in Table 2 for the various
events. Of note on interrogation of the model files, is for the Dumaresq, Ottleys and
Brook models the URBS rainfall definition file included an (* 0.1) after the VARIABLE
CONTINUING command. By specifying this asterisk the model initiates the
Recovering Initial Loss Model (RILM) which is generally used for continuous
simulation, not for discrete historic events.
The value after the asterisk is the initial loss recovery factor, and at 0.1 is at the
lowest end of values for that factor. It may be appropriate to model a recovering initial
loss due to the long timescales of the historical events although it should be
confirmed the intent of this approach as it was adopted only for these catchments
and not consistently across the global model. Furthermore, there is no discussion on
this RILM approach in the provided reports and its implications when comparing to
ARR 2019 Initial Loss estimates. Irrespective, a spot check across the three events
across the range of subcatchments across the three models has been undertaken,
which shows that there is a small effect on net rainfall applied and no effect on net
rainfall peaks and net runoff peaks, even in the high continuing loss subcatchments.
And, as the overall hydrograph shape of the modelled storms at the gauges are a fair
resemblance of the recorded data, the RILM is assumed a reasonable rainfall
calibration parameter and does not need transposing to design event storms.

2.4.6

Catchment Perviousness
No impervious areas have been considered in the hydrologic model. Due to the scale
and seeing the majority of catchment comprises only sparsely located rural
townships, this assumption is reasonable. With the municipal Goondiwindi township
at the downstream extent of the large model, the lack of impervious delineation in the
Lower Floodplain model here is unlikely to have implication.

2.4.7

Baseflow
Generally, there is a lack of reporting on the baseflow components of the hydrologic
model in the provided reports. It is acknowledged that for large flood events baseflow
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can have relatively limited impact on peak flows although it can have impacts on
calibration and the ability of the model to replicate the catchment response.
Table 4 outlines the adopted baseflow parameters in the URBS model. These were
extracted through interrogation of the provided models. ARR datahub portal baseflow
parameters have also been extracted at the centroids of the respective models for
comparative purposes. Of note is the wide range of ARR datahub values for the
various catchments, the values in the Macintyre Brook and Lower floodplain are
particularly high and suggest baseflow requires consideration in these catchments.
The baseflow parameters chosen for each of the catchments do not appear to
consider the ARR datahub parameters with the parameter variance not reflective of
the datahub values.

Table 4: Baseflow Parameters
Catchment

URBS Baseflow Parameter

Calculate
d

ARR Data Portal

BC

BR

BM

Baseflow
Index
(BFI)

Volume
Factor (10%
AEP)

Peak Factor
(10% AEP)

Macintyre
River

0.05

0.5

1

0.094

0.19

0.04

MacIntryre
Brook

0.05

0.5

1

0.113

0.37

0.17

Dumaresq
River

0.1

0.5

1

0.184

0.16

0.03

Ottleys
Creek

0.1

0.5

1

0.226

0.17

0.04

Lower
Floodplain

Routed as quick runoff

0.22

0.27

With respect to the chosen URBS model parameters it would be expected that the
BR (daily recession constant) parameter would be closer to a value of 1 rather than
the adopted value of 0.5. If the parameters were adopted from the provided older
DPIE model it should be noted that the daily recession constant was originally model
timestep dependant, in the latest version of the URBS model used by FFJV it is not
(daily recession). Figure 4 and Figure 5 show hydrographs of the baseflow and total
flow extracted at two different locations for two different floods in the global Macintyre
River URBS models. With the BR value at 0.5 the recession of the baseflow is
relatively quick and the difference in peak timing of the surface runoff compared to
the baseflow peak is slightly less than the strong relationship ofARR 2019 Equation
5.4.8 and the ARR Revision Project 7 (Murphy, Graszkiewicz, Hill, & Nathan, 2010).
Baseflow has been modelled differently to standard practice in the URBS model. It
appears that baseflows from upstream input catchments have been purposely routed
as quick runoff in the lower catchment model. URBS approaches baseflow by
accumulating through the network (not routed as for direct runoff). The baseflow of a
downstream node will equal the sum of contributing base flows. There are 2 concerns
by routing baseflow in this way:
•

The routing of baseflow is a different mechanism to quick runoff; and

•

If baseflow is added downstream there is the possibility for addition of artificial
volume into the model.
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Baseflow peak factor = 0.1

Figure 4: Example URBS Baseflow and Total Flow Hydrographs – Macintyre
Brook Model

Baseflow peak factor = 0.08

Figure 5: Example URBS Baseflow and Total Flow Hydrographs - Dumaresq
River Model

2.5

Calibration Event Model Results
The calibration results show that the URBS model replicates both the peak discharge
and flood volume reasonably well and the reports document the limitations and
difficulties calibrating the model thoroughly. However, the inconsistencies outlined
above could lead to biased parameter selections which have compensated for errors
elsewhere. This is mainly in respect to the adopted baseflow parameters which can
affect calibration performance particularly the ability of the model to replicate the
receding limb of the hydrograph.
It is recommended that the adopted baseflow parameters are consistent with ARR
guidelines and are applied in the URBS model as intended (rather than as quick
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runoff) before calibrating the remaining parameters, that is alpha, beta and rainfall
loses. Similarly, the inconsistency of the initial loss modelling approaches using the
RILM applied, throughout the catchments should be addressed. These
considerations are to ensure the model can represent a wide range of storm events
(of varying magnitude) and be fit for purpose for design event modelling.

2.6

Design Storm Event Model Inputs

2.6.1

Overview
This section reviews mainly Appendix H of the PIR report. Design storm event rainfall
for the Macintyre River hydrologic models were developed using the ARR 2019
guidelines. Specifically, the ARR 2019 Ten (10) temporal patterns were applied with
the median flood event selected for the critical duration. Areal Reduction Factors
(ARF) were also applied to account for the spatial variability of rainfall in the design
event process.
The approach taken is in line with ARR 2019 design approach although there are
significant challenges to design event modelling for a catchment of this scale which is
discussed in Appendix H Section H4. The main challenges stem from the spatial and
temporal variability of rainfall events and replicating this variability in a design
context. For this reason, the simulation of the 1976 flood event adds value to the
assessment as it potentially replicates a more “realistic” rare flood event for design
purposes.

2.6.2

Dam Storages
Table 4 outlines the volume before full values for the respective dam storages
applied to the design event modelling. For the design events it has been assumed
that the dams are not full. For 2 out of the 3 calibration events the dams were full at
the start of the flood event.
The volume before full values in design event modelling were based on a median
value when considering the dam time series, as a proxy for probability-neutral
storage. Furthermore, the volume before full values were reconciled with the Flood
Frequency Analysis estimates for the respective design events. It was observed that
if the dams were assumed as full (which is often done for design event modelling) the
URBS design event results would not reconcile with the FFA estimates. From review
of the documentation, the approach taken for the consideration of dam storages in a
design event context is reasonable.
Further discussion in the reports would be prudent on the impact these dam initial
water levels have on flows at key infrastructure locations, that is, how affected is
Inland Rail by reservoir levels prior to flooding.
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Table 5: Dam Storage Volume Before Full Applied for all Design Events
Dam

Volume before full
(ML)

Published full supply
volume (ML)4

Coolmunda

22,0005

68,000

Glenlyon

148,000

253,000

Pindari

110,000

312,000

2.6.3

Rainfall Data
Ten different synthetic temporal patterns were modelled per design event duration
and AEP, which is consistent with the latest ARR. Design rainfall depths were varied
spatially using different Intensity-Frequency-Duration (IFD) relationships for each
sub-catchment. From review of the documentation and model data, the approach
taken is reasonable and the input data for design rainfall appears correct from
random spot checks, with appropriate areal reduction factors applied.

2.6.4

Rainfall Losses
The design rainfall losses applied are shown in the Table below. Design losses were
based on reconciliation with the FFA. As noted by BMT as part of their peer review
(Appendix G of the PIR, (BMT Commercial Australia Pty Ltd, May 2021)) it could add
value to compare the historical calibration losses for the respective catchments to the
adopted losses (and ARR Data Hub losses) to show some consistency in the values.
BMT undertook this comparison where design values were not significantly different
to the design neutral losses adding confidence to the values adopted. The lack of
variability between the hydrologic models’ reconciled rainfall losses to achieve the
individual gauge and combined gauge FFA peaks also adds confidence. The ARR
Data Hub loss values at Ottleys Creek could be said to be the only outlier, with this
catchment not containing a stream gauge, the published values have greater
uncertainty.
The NSW specific tab of the ARR Data Hub provides probability neutral burst initial
loss values by AEP and duration to replace the standard initial loss and pre-burst
values of the ARR Data Hub. It recommends these be used as a last choice when
losses calibrated to FFA or the average of calibration losses large eventsis not
available.
The PIR notes:
“This method is difficult to implement for the current study because a portion of the
Macintyre River catchment is located outside NSW where probability-neutral burst
losses are not available. A consistent methodology is required to enable entirety of
the catchment to be modelled.”
This NSW specific tab also requires a multiplication factor of 0.4 on standard ARR
data hub continuing losses, where employed, meaning the reconciled and average
calibration losses are further from the Data Hub values than FFJV and BMT imply.
However these factored losses should only be used a last resort when losses

4

Sunwater website (Sunwater Limited, 2021), WaterNSW website (WaterNSW Infrstructure Pty Ltd,
2021)

5

The Border to Gowrie section assumed Coolmunda Dam storage was at full capacity for the design
storm events.
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calibrated to FFA or the average of calibration losses from large events is not
available.

Table 6: ARR Regionalised and Adopted at-site FFA Reconciled Losses (Table H1
from PIR)

2.7

Design Storm Event Model Results

2.7.1

Critical Duration
From investigation of the modelling files (mainly the hydraulic model inflows) it
appears the critical duration for the Macintyre River at the inland rail alignment in a
1% AEP design storm was the 24 hour event. This critical duration should be
confirmed by the designer and sufficient discussion in the report added.
It is noted that this duration seems relatively short for the scale of the catchment. Box
plots showing the spread of peak flows across the respective event durations would
add value to the design event modelling to understand the processes and the
impacts of the various design inputs (i.e. pre-bursts, ARFs and intensities) have on
the critical duration.
Whilst relatively short, it is noted that most of the rainfall that produced the February
1976 and January 2011 floods fell in a 24 hour period.
The Technical Report details the range of duration/temporal pattern combinations
(from 18 hours to 72 hours) for other AEPs and other alignment locations.

2.7.2

Reconciliation to FFA
This review section mainly focuses on Appendix H, Section H2 and H3. From review
the following points were noted:

•

The FFA for the PIR is significantly improved from the draft EIS FFA. The draft
EIS FFA was simply using screenshots from the automated Bureau of
Meteorology water data portal webpage and showing the historical calibrated
events.

•

This assessment is more robust with considerations of:
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•

A larger number of gauges adopted (11 in comparison to the 3 of the
BRVFMP to Boggabilla).

•

Dam storages and impact on historical flows (non-homogenous record
influence).

•

Comparison with design event results (design flows were reconciled to
match FFA).
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•

Log Pearson III distribution adopted (Generalised Extreme Value distribution was
also considered although fit not as good)

•

It has not been reported whether log moments or Bayesian inference is used as
the fitting approach.

•

There are limitations on the loglog scale at the flow magnitudes on some of the
plots. A gumbel variate plot with normal scale y axis could add value.

•

More discussion on low flow outliers could add value. The report only mentions
the multiple Grubbs Beck test was adopted without any details on number of
values omitted.

•

The designers adopted an approach where losses decrease for more frequent
flood events to account for spatial variability of rainfall. An alternative approach
could be to factor the ARFs instead which would be more in line with ARR 2019
guidelines which suggests at-site data supersedes regionalised data. The
reduction of losses was undertaken as the design flows were initially lower than
the FFA results without any factoring. If results were not initially matching for
frequent events It could suggest a model parameterisation issue for frequent
events as the calibration events were relatively large (or an issue with low flow
outliers as mentioned above). There is evidence that alpha (stream routing)
decreases for larger flood events although this would most likely decrease flows
further.

•

There is good thorough discussion on the limitations of the design approach due
to the scale of the Macintyre River catchment in Section H4 of the PIR.

August 13, 2021 | 19

North Star to NSW/QLD Border Preferred Infrastructure Report Models Review – Supplementary Report on Review of
Draft Border to Gowrie EIS
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

3

Existing Case Hydraulic Model Review

3.1

Overview
The hydraulic review mainly refers to Appendix B of the PIR report (dated May 2021).
The hydraulic modelling files were also provided for the purposes of this review.
The Macintyre River hydraulic model was set up with a 30 m grid, an adaptive time
step and run using TUFLOW 2020-10-AA-iSP-w64 with an HPC solver. The revised
modelling for the PIR has also utilised sub-grid sampling (SGS at 5m intervals across
cell sides) to improve the representation of conveyance despite the large grid size.
The PIR also states that Quadtree will be used in detailed design to further refine the
TUFLOW model results. However, Quadtree has not been applied for the PIR
modelling.
Two levee scenarios have been used to represent development in the floodplain:
1) Border Rivers Valley Floodplain Management Plan (BRVFMP) Levees –
levees specified in the BRVFMP
2) Verified 2019 Levees – levee heights and extents obtained from 2019 LiDAR.

3.2

Topography
The Macintyre River TUFLOW model reads in several DEM sources to form the
model topography. Most of the model area is covered by ARTC 2015 LiDAR and
LiDAR was obtained from Geoscience Australia outside the extent of the ARTC 2015
survey (these LiDAR datasets were read in as a 10m digital elevation model). New
LiDAR was captured in November 2019 was utilised to update the TUFLOW model to
include current levee heights and floodplain features for the second levee scenario.
Figure 6 shows an overview of the available LiDAR data.
The model also enforces some roads and part of the existing railway using
breaklines.
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Figure 6: Source of Model Ground Level Data (Excerpt of Figure A2 from FFJV
NS2B EIS Chapter 13)

3.3

Roughness
The roughness delineation within the Macintyre River hydraulic model extent is
relatively simplistic, but it was found to be appropriate for the assessment. The
hydraulic roughness is separated into creek, floodplain (default), and vegetated
floodplain:
1) Floodplain 1 (default)

0.08

2) Floodplain 2 (vegetated)

0.12

3) River Channel

0.03

The values adopted were based on calibration to historical events. It is noted that the
floodplain manning’s n of 0.08 is relatively high as the floodplain is mainly cleared
and covers a wide variety of land uses including water, roads, grassy paddocks,
crops, residential and urban areas. This high value could warrant further discussion
in the report to justify the value. In the review poor delineations of vegetation was
noted although it is unlikely to impact results significantly.
River Channel roughness is generally defined well throughout the model. Definition of
Floodplain 2 is quite sporadic and does not include a lot of areas that look well
vegetated and the same as those areas included in Floodplain 1 (see Figure 7).
Although the adopted values appear to be reasonable, the spatial definition of these
values is sporadic throughout the model extent.
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Figure 7: Example of Roughness Definition in TUFLOW Model
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.
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.

3.4

Structures
The Existing Case model only includes three bridges (modelled as layered flow
constrictions) and two 1D culverts. The included structures are located in the
southern half of the model extent.
The PIR states that existing structures that were identified but that were lacking
construction details were applied using shape modifications to the topography to
ensure there was sufficient conveyance in the channel. However, some ponding has
been identified in isolated locations where survey data has picked up the road crest
above a culvert and no topographic modification has been made.
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An example of this is shown in Figure 8 where a missing culvert on Kildonan Road
(about 3.4 km upstream of the proposed rail alignment on an anabranch between the
Dumaresq and Macintyre rivers) is preventing floodwater from backflowing upstream
of the road until it reaches sufficient level to overtop the road crest.

To NS2B
Footprint
Missing
Culvert

Figure 8: Existing Culvert Structure on Kildonan Road Upstream of the
Proposed Rail Alignment
It appears that existing bridges located within the model extent are not represented in
the topography. Therefore, there is no constriction on flow at the location of these
missing structures.
The Technical Report states this as:
“Consistent with the DPIE regional model approach, key existing drainage structures
are represented in the hydraulic sub-model as openings in the DEM of the rail or
road. In existing conditions, these structures are generally minor, and the bridges
have a low flood immunity. In large flood events these structures are overtopped and
not considered critical to the existing flood regime.”It is unclear whether the omission
of existing structures from the model would significantly affect the reported impacts of
the proposed rail alignment.

3.4.1

Blockage
Given the lack of structures in the existing case model, it is not untoward that no
blockage was applied to existing structures. Not applying blockage to the existing
case in flood impact assessment is standard practice.

3.5

Boundary Conditions
The Macintyre River TUFLOW model extent, external inflow, internal inflow and
downstream boundary locations are shown in Figure 9. Upstream river boundaries
have been modelled using source-area polygons.
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Figure 9: TUFLOW Boundary Setup
The placement of the source-area boundaries is slightly downstream of the boundary
and in some cases not centred over the river channel/does not cover the width of the
flood extent (see Figure 10). Not placing the source-area polygon in the correct
location can lead to circulation of flows around the boundary. Furthermore, in large
flood events, flows could be distributed incorrectly across the floodplain. Ideally
upstream boundaries would be placed in concise and defined valleys at the code
boundary rather than widespread floodplains to minimise the model flow distribution
uncertainties.

24 | August 13, 2021

North Star to NSW/QLD Border Preferred Infrastructure Report Models Review – Supplementary Report on Review
of Draft Border to Gowrie EIS
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Figure 10: Inflow Boundary
The downstream boundary uses an automatically calculated stage-discharge (‘HQ’)
boundary with an assumed waterway slope of 0.1%. This is a very flat grade although
is applicable for this flat terrain. The boundary has been broken up sufficiently to
allow differing water levels across the entire boundary. Furthermore, the boundary is
set sufficiently downstream of the proposed rail alignment that it should not impact
results at the rail alignment.

3.6

Calibration Results
The reported calibration results showed a reasonable match to estimated gauge
flows and surveyed debris points, despite the identified hydrologic and hydraulic
model issues. It should be considered whether deficiencies in the hydrologic model
have been “corrected” in the hydraulic model with the previously mentioned higher
than expected Manning’s n for the floodplain (0.08). Further discussion on this in the
report would add value.
Also noted in the reporting is an apparent difference in the adopted record of flows at
the Boggabilla stream gauge when comparing the TUFLOW and URBS model
calibrations. Figure 11 shows the URBS calibration plot and the TUFLOW calibration
plot for the 2011 event at the Boggabilla gauge. For the URBS calibration, model
results are compared to a lower rated peak of approximately 3,200 m3/s partial flow
although for the TUFLOW model it is compared to the higher recorded peak at
approximately 3,800 m3/s, being the total cross-section flow, not just that attributable
to the river. This is in accordance with the PIR stating:
“The calibration results at the Boggabilla gauge .. have been assessed using
updated ratings developed as part of the current FFJV investigation.”
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The TUFLOW result should be plotted against the total flows recorded at Boggabilla
in 2011.
Further to this, a general comment on the TUFLOW calibration plots is that the time
scale of the hydrograph is significantly longer than the period of interest i.e. the flood
event. Changing the x axis times to be more concise around the flood event would
allow better review of calibration performance (similar to the hydrologic model
calibration plots).

Figure 11: 2011 Boggabilla Gauge URBS Calibration (Top) and TUFLOW
Calibration (Bottom)

3.7

Existing Case Results
There is limited reporting on the existing scenario event results. The reporting would
benefit from reporting of flood levels and flows at key locations from the 1% AEP
flood event. This combined with deck levels of bridges would allow easy assessment
of flood immunity for the railway and ensure appropriate freeboard is provided.
Furthermore, a comparison of the hydraulic model and hydrologic model hydrographs
at various locations is recommended to ensure joint calibration of the models.
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4

Design Case Hydraulic Model Review

4.1

Overview
The Design Case hydraulic model was similar to the Existing Case hydraulic model
with some changes 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, bridge abutments and drainage works.
The rail alignment crest is appropriately modelled using a DEM of the alignment that
is embedded directly into the hydraulic model. The crest of the rail line is enforced
through a RIDGE z shapeline which is best practice to model an embankment.

4.3

Roughness
The developed case model roughness was not modified to change the roughness at
the proposed rail alignment. This is most likely an insignificant issue as the rail line
does not overtop.

4.4

Structures
There are four culverts and three bridges proposed within the Macintyre River model
area north of the NSW/QLD Border. Note that this includes the bridge over the
Macintyre River itself.
Figure 12 shows the drainage structures adopted for the embankment within the
extent of the Macintyre River catchment. With reference to the figure, the drainage
proposed with respect to regional flooding includes two bridges and three culverts
(shown in green in Figure 12) on the main alignment. The proposed regional
drainage structures are listed in Table 7.

Table 7: Adopted Drainage Structures- Regional (Reproduced from Table
5.1 from FFJV PIR)
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C35.91

C36.04
C35.88

C35.21
C35.08

C35.03

C34.7

Figure 12: Adopted Drainage Structures (Figure 4e from PIR
annotated to show labels of minor catchment drainage structures)
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4.4.1

Culverts
Culvert structures were modelled as 1D structures using the TUFLOW ESTRY
engine within the 2D domain.
A 25% blockage factor has been applied to the majority of the culverts although there
are six culverts where no blockage is applied. These culverts have cells less than
2 m and therefore it is expected that blockage would be applied to these structures,
although all six are dry as noted below. The EIS reporting notes the 25% blockage
factor is based on ARR 2019 guidelines. More details such as assumptions on the
tenth percentile length of the debris, debris potential and debris transportability
should be discussed, although with the conclusions of the EIS blockage sensitivity
showing no change to the flood management objectives and the design flood
immunities.
Result files provided by the FFJV were incomplete. Therefore, review of the model
results is based on a simulation completed using the provided input modelling files.
The following items were noted when reviewing the model results for 1d culvert
structures:
•

Culverts 6120 and 6080 were noted to have been digitised in the wrong
direction with negative flows through these structures (see Figure 13). This
has ramifications for the inlet and outlet losses that have been applied in the
TUFLOW model.

•

Culvert 23206 has oscillating flows in the model. This could suggest a
boundary issue leading to instabilities. It should be confirmed by the
designers whether this culvert is operating as intended (see Figure 14).

•

On review of the output files 46 structures were noted to have zero flow. The
designer should confirm the intent of these structures in the model.
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Flow direction

Figure 13: Design Culvert Structures with Negative Flows

Figure 14: Design Culvert with Oscillating Flow Suggesting Instability
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4.4.2

Bridges
Bridge structures were modelled using 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
(pile/pilecap/pier/headstock losses), the bridge deck (100% blocked) and bridge
railings/barriers (typically over a depth of 1 to 1.2m). A fourth layer is assumed
unimpeded to account for flow over the bridge.
The representation of the energy/head losses associated with bridges can be
complex depending on a number of factors including the width of the bridge opening
relative to the total approach width, the orientation to the main flow direction, pier and
abutment types/shapes, and pressure flow effects when the peak flood levels reach
the level of the bridge deck.
Various coefficients are used to account for the different bridge characteristics that
are typically based on values published within the “Hydraulics of Bridge Waterways”
by Bradley for the US Federal Highway Administration (1970) or subsequent local
publications based on the same such as Austroads “Guide to Bridge Technology Part
8: Hydraulic Design of Waterway Structures”, June 2019.
While nominal coefficient values can be applied based on these references, they are
best estimates only and should be validated with historical flood event records where
available.
Most of the parameters adopted by the FFJV for the bridge losses are considered to
be within the acceptable ranges recommended by the above publications. However,
no detail has been provided within the report to validate 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.
On interrogation of the modelling files it was noted that no blockage has been applied
to the substructure of bridges to account for piers or any potential debris blockage.
Further justification is considered to be necessary outlining assumed bridge spans
compared to flood widths. Furthermore, it is noted that some bridges have not
included a Form Loss Coefficient for the Bridge Deck layer which is 100% blocked. It
is anticipated that a relatively high form loss would apply for this layer. Further
justification is considered to be necessary, the adoption of no form loss for the
superstructure is only valid if that superstructure remains flood free in all design
events modelled, including the PMF.

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.
As the hydraulic models for the B2G and the NS2B packages are identical (see
Section 1.1), the developed conditions model and the results reported herein assume
that the B2G and NS2B sections are built at the same time. The reporting 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.
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4.5.1

Timestep
Review of the TUFLOW HPC timestep and adaptive timestep control number results
was unable to be undertaken as a complete simulation log file and set of results was
not provided by the FFJV. Based on the simulation completed using the provided
modelling files, the model appears stable and the adaptive timestep was reasonable.

4.5.2

Flood Immunity
The rail alignment formation levels are higher than the 1% AEP plus climate change
scenario, which exceeds the flood management objectives.

4.5.3

Flood Impacts
As the PIR was completed for the NS2B section of the Inland Rail Alignment it does
not report in detail on flood impacts that occur in the northern section of the model
where the B2G section is located. An example of this is Flood Sensitive Receptor 1
(FSR1) where an increase in flood level above the flood management objective.
Section 6.1.1 of the PIR states:
•

FSR 1 is a shed located very close to the proposal alignment in Queensland
and will be assessed through the Queensland EIS process.

It is important that the final B2G EIS consider the impacts estimated by the revised
modelling completed for the PIR.

4.5.4

Sensitivity Modelling
Climate Change
No information regarding climate change could be found in the PIR.

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.
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5

Conclusions

5.1

Overview
A review was completed with respect to the regional models and reporting prepared
in the PIR for the Macintyre River catchment for the B2G section of the Inland Rail
project. There are thirteen culverts and three bridges proposed within the Macintyre
River model area north of the NSW/QLD Border. Note that this includes the bridge
over the Macintyre River itself.
A summary of the model review is provided in Appendix 1.

5.2

Conformance with DPIE Request for PIR
The Panel believes the response report comprehensively addresses the request from
DPIE with respect to the Draft EIS submission.

5.3

Conformance with GRC Draft EIS Submission
Goondiwindi Regional Council (GRC) have tabled Peer Review of Flood Modelling
undertaken for the Macintyre River Floodplain (WRM Water & Environment Pty Ltd,
November 2020) in response to the hydrology and flooding sections and Technical
Report of the Draft EIS in their submission.
The PIR addresses the main concerns of the peer review which relate to compliance
to Australian Rainfall and Runoff (Ball, et al., 2019) in relation to hydrologic and
hydraulic modelling guidelines for major infrastructure; the use of joint calibration;
finer grid resolution in hydraulics; and revisiting appropriate focal points.

5.4

Consequences for Macintyre Brook Sections of the
B2G Draft EIS Submission
For B2G, the Macintyre Brook model for the section of the alignment from Yelarbon
to Inglewood has relied upon the hydrology models from the NS2B Draft EIS. Hence,
it is advisable to revisit the hydraulic models for that section with the new, updated
design event flows from this PIR. FFJV have indicated that they are doing so now.
Assumptions on Coolmunda Dam storage at the commencement of flooding are
inherent in those design flow changes.

5.5

Advice and Recommendations
Based on the review of the Macintyre River 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).

5.5.1

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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Whilst the Macintyre River models were 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 5.6.

5.5.2

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.

5.5.3

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 marks for the calibration events. Some issues were identified
with the calibration that require clarification, such as the accuracy and applicability of
the rating curves.

5.5.4

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 Macintyre River models.
Calibration to three different historical events is considered sufficient.

5.5.5

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 was deemed suitable for impact assessment; however, modelling and
results of some culverts should be checked to ensure that impacts are being
modelled accurately in the PIR.

5.5.6

Fit for Purpose
Whether the model is fit for purpose, taking into account the above
and any public comments or 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 solely to address commentary 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.

5.5.7

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 for the B2G section meets
industry standards and best practice, subject to response and clarification for the
identified issues.

5.6

Summary of Findings
Table 8 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 9.
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 (that is, it is deemed to be
of low importance) and prior to the use of models for detailed design or via
sensitivity testing (that is, 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 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 9 to allow the relative importance of each
issue to be readily identified.

Figure 15: Flow Chart for Resolution of Identified Issues
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Table 8: 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

6

Appropriateness of model arrangements and input parameters

Yes

Model arrangements and input parameters are appropriate.

Appropriateness of model calibration process

AIR6

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)

Yes

Input data application has expanded, this PIR.

Assumptions around land-use (crops etc.)

AIR6

The adopted Manning’s roughness values were considered high for the floodplain. There
were also minor issues identified with the spatial definition of roughness values.

Appropriateness of blockage/debris assumptions

Yes

The blockage and debris assumptions are appropriate.

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

AIR6

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 9) 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

AIR6

Several further sensitivity analyses are recommended.

Appropriateness of change indicators

AIR6

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)

AIR6

Structures and embankments have been appropriately represented however there are
some issues with representation of structures in the model.

Flood frequency analysis

AIR6

FFA is considered appropriate, but further discussion around low flow outliers is
requested.
Interpretation

Achievement of Design Objectives

AIR6

While the impacts are quantified, the acceptability of the impacts is not discussed.
Reported flood impacts should be discussed in the final NS2B EIS.

Appropriateness of relevant sensitivity analysis

Yes

The sensitivity assessment completed with respect to blockage is appropriate.

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

AIR6

Impacts are mapped and flood sensitive receptors are tabulated indicating conformance
but there is limited discussion provided in the PIR.

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

AIR6

Impacts are mapped and flood sensitive receptors are tabulated indicating conformance
but there is limited discussion provided in the PIR.

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 9: 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

The area duplicated is
insignificant compared to the
overall catchment area.
Checks should be
undertaken elsewhere in the
model to ensure it is not a
consistent issue at
catchment divides with the
other three models

Medium

Designers should
confirm/clarify that the
model is replicating physical
processes upstream of the
gauges

Medium

Justification of the chosen
parameters or sensitivity
testing should be performed
to determine the impact
baseflow has at the
alignment.

Low

Further
investigation/discussion
required to confirm the
impact these dams have on
flows at key infrastructure
locations.

Assumptions

MR1

Appears to be
duplication of subcatchment area in
Lower and Ottley
URBS hydrologic
models.

MR2

Lack of variation and
the relatively low value
of the URBS submodel beta parameter
is unexpected over the
wide range of
topographies and
landscapes.

MR3

There were several
concerns raised over
the baseflow
modelling approach
and results.

MR4

No discussion on the
assumption of initial
dam storage level
adopted in the URBS
model for design
events.

2.3.1

Possible use of incorrect
catchment areas and hence
rainfall-runoff calculation in
model.

Design flows may be
incorrect throughout all
five models. GIS files have
not been provided for the
Panel to check this.

2.4.1

Parameter selection affects
design event flow rates and
time to peak.

Incorrect model
parameters could result in
incorrect flow rates at the
alignment

2.4.7

Baseflow can affect
calibration parameter
selections.

Incorrect model
parameters could result in
incorrect flow rates at the
alignment

2.6.2

Initial dam levels can have a
significant impact on
attenuation (or lack of) of
peak flows if hydraulically
close to a project.

More or less conservative
assumptions could result
in altered flow rates at the
alignment.
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Item No.

Item/Issue

MR5

The critical duration
for the Macintyre River
at the Inland Rail
alignment was the 24hour event in both
levee scenarios in a
1% AEP flood. This
critical duration should
be confirmed by the
designer and sufficient
discussion in the
report added. It is
noted that this
duration seems
relatively short for the
scale of the
catchment.

MR6

More discussion on
low flow outliers at
each gauge could add
value to the FFA. The
report only mentions
the multiple Grubbs
Beck test was adopted
without any details on
number of values
omitted.

MR7

A 25% blockage factor
has been applied to
majority of culverts
although there are six
culverts where no
blockage applied.
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Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level
of Importance

2.7.1

Critical duration can have
impact on flood volumes
which can impact flood
levels.

Incorrect storm duration
could result in incorrect
flow rates at the
alignment.

Medium

Justification of the chosen
critical duration should be
discussed in the report.

2.7.2

Low flow outliers can affect
FFA results and thus impact
design flows/levels at
structures.

Incorrect FFA could result
in incorrect flow rates at
the alignment.

Medium

Further discussion required
in the report to ensure
results are reasonable.

4.4

Blockage factors affect flood
levels in the hydraulic
model.

The flood levels for design
events may be
underestimated.

Medium

More details such as
assumptions on debris
length, potential, and
transportability should be
discussed.
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Item No.

Item/Issue

MR8

Upstream river
boundaries have used
source-area polygons.
Placement of the
source-area
boundaries is slightly
downstream of the
boundary and in some
cases not centred over
the river channel/does
not cover the flood
extent.

Reference
Section

Relevance to Assessment

Impact on Design

Level of
Importance

Reason for Adopted Level
of Importance

3.5

Boundary modelling errors
can have unintended
consequences downstream.

Design flow rates could be
affected at area of interest
if upstream boundaries are
incorrect.

Low

Upstream boundary is most
likely far enough upstream
of the rail alignment to have
little impact on area of
interest.

Roughness values affect
flood levels in the hydraulic
model.

The flood levels for design
events may be
overestimated.

Low

Model is calibrated
reasonably. More discussion
in report would add value.

A preliminary review has
identified some missing
hydraulic structures within
the model extent.

The absence of these
structures in the model
may be causing artificial
blockage in some areas.
However, it is unlikely that
this will have significant
impact on results (once
included) of events, such
as the 1% AEP, and may
only influence frequent
events.

Low

It is recommended that an
assessment of missing
existing structures is
undertaken in future project
stages to ensure water is
not being artificially blocked
within the model (which may
impact the results of
frequent events).

Application

MR9

MR10

Floodplain roughness
appears somewhat
higher than would be
expected. Floodplain
is mainly cleared so
would expect <0.05.
Further discussion in
report is warranted to
justify values chosen.

Missing hydraulic
structures in existing
model.

3.3

3.4
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Item No.

Item/Issue

MR11

No blockage has been
applied to the
substructure of
bridges to account for
piers or any potential
debris blockage.
No form loss applied
to superstructure to
account for bridge
deck loss.
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Reference
Section

Relevance to Assessment

Impact on Design

4.4.2

Bridge loss inaccuracies
could result in reported
changes in water level (and
other flood management
objectives) being too low or
too high.

The design may not
properly mitigate flood
impacts at all locations.

Level of
Importance

Reason for Adopted Level
of Importance

Medium

Clarification should be
provided regarding the use
of bridge losses and why nil
losses were chosen.
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Appendix 1 Model Review Summary Tables
Table 10: Hydrological Model Review Summary
Item No.

Description

Checked?

Additional Information

Hydrologic Model Setup
1h

Model Software

Yes

Section 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 2.3

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 2.4.4

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 2.7.2

2f

Gauge record length suitable for FFA

Yes

Section 2.7.2

3f

Compare design flow estimates to FFA

Yes

Section 2.7.2

4f

Annual Maximum Series

Yes

Section 2.7.2

5f

Number of years input to FFA
calculation

Yes

Section 2.7.2

6f

Historical events

Yes

Section 2.7.2

7f

Censoring and filters

Yes

Section 2.7.2

8f

Probability distribution

Yes

Section 2.7.2

9f

Low flow filtering

Yes

Section 2.7.2

44 | August 13, 2021

North Star to NSW/QLD Border Preferred Infrastructure Report Models Review – Supplementary Report on Review
of Draft Border to Gowrie EIS
Independent International Panel of Experts for Flood Studies of Inland Rail in Queensland

Item No.

Description

Checked?

Additional Information

Calibration
1c

Model Calibration/Validation

Yes

Section 2.4

2c

Calibration data

Yes

Section 2.4

3c

Calibration events and magnitude

Yes

Section 2.4

4c

Review rating curves

Yes

Section 2.4.3

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 2.4.4

10a

Design rainfall losses - ARR data hub

Yes

Section 2.6.4

Alternative Validation Method
1am

Alternative validation method used
FFA/RFFE

N/A

2am

Design flow comparison to FFA/RFFE

N/A

3am

Is the RFFE appropriate for the
catchment

N/A
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Table 11: 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 3.5

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 3.3

6c

TUFLOW Materials File

Yes

Section 3.3

7c

Direct Rainfall - Losses

NA

Lumped inflows adopted

Calibration
1c

Model Calibration/Validation

Yes

Section 3.6

2c

Calibration data

Yes

Section 3.6

3c

Calibration events and
magnitude

Yes

Section 3.6

Events and Scenarios
Events and Scenarios

Yes

Section 3.7

1% AEP

Yes

Section 3.7

Climate change

Yes

Section 4.5.4

Blockage

Yes

Section 4.5.4

Extreme events

Yes

Other sensitivity assessments

Yes

Section 4.5.4

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

N/A

Lumped inflows adopted

5b

1D connection type

Yes

Section 3.4

6b

1D connections

Yes

Section 3.4

7b

Channel connections

N/A

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 3.3

5g

Material check (Design scenario)

Yes

Section 3.3

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

Yes

Section 3.4

2e

Cover check

No

3e

1D continuity

Yes

Section 3.4

4e

1D locations & sizing

Yes

Section 3.4

5e

1D losses

Yes

Section 3.4

6e

1D blockage

Yes

Section 3.4

7e

1D connection type

Yes

Section 3.4
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Item No.

Description

Checked

Additional Information

8e

1d connection grid cell check

Yes

Section 3.4

9e

1d network invert levels & outlet
check

Yes

Section 3.4

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 4.4.1

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 4.5.3

13d

Design criteria hazard category
impacts

No

Section 4.5.3

14d

Design criteria velocity and flow
direction impacts

Yes

Section 4.5.3

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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