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1 Introduction

1.1 BACKGROUND

The Australian Rail Track Corporation Ltd (ARTC) is seeking approval to construct and operate
the Queensland Border to Gowrie (B2G) section of the Inland Rail Project. The proposed B2G
section connects the proposed North Star to Queensland Border (NS2B) section (to the south in
New South Wales) to the proposed Gowrie to Helidon (G2H) section (to the north in
Queensland). The B2G section, which consists of about 216.2 kilometres of new single-track
railway with five crossing loops, travels through several major catchments (Macintyre River
including Macintyre Brook, Condamine River, Westbrook Creek, Dry Creek, Gowrie Creek) as
well as Goondiwindi Regional Council (GRC) and Toowoomba Regional Council (TRC) local
government areas (LGAS).

On behalf of ARTC, the Future Freight Joint Venture (FFJV) have undertaken flood modelling of
all the waterways crossing the B2G alignment to support the Reference Design of the proposed
rail line and fulfil requirements of the Environmental Impact Study (EIS) for the B2G Project.
The draft EIS (including the Reference Design of the proposed rail line) has been submitted to
the Queensland Coordinator-General for approval in January 2021.

FFJV have used hydrologic and hydraulic models to predict the flooding behaviour in the
waterways that cross the proposed B2G rail alignment. These models have been configured and
used first to predict flooding behaviour under existing (pre-B2G) floodplain conditions for a wide
range of flood events from the 20% Annual Exceedance Probability (AEP) event up to and
including the Probable Maximum Flood (PMF) event. The Existing Conditions models have then
been modified to incorporate the proposed rail line Reference Design (Developed Conditions)
before running them for the same range of design flood events and comparing the Developed
Conditions results against the Existing Conditions results to determine potential impacts of the
proposed rail line on peak flood levels, discharges, flood flow distributions, velocities and
inundation durations in the respective floodplains. The proposed rail line design has then been
refined iteratively until the adopted design (Reference Design) satisfied the hydraulic design
criteria (HDCs) and flood impact objectives (FIOs) set for the B2G Project.

GRC are concerned about the accuracy, reliability and robustness of the flood modelling
undertaken by the FFJV, particularly within their LGA for the Macintyre River, Macintyre Brook
and their tributary floodplains, as well as the potential impact of the B2G Project on flood
behaviour in Yelarbon and Goondiwindi. GRC requested WRM Water & Environment Pty Ltd
(WRM) to undertake a desktop review of the relevant flood modelling and associated reports
prepared by ARTC and FFJV for the B2G EIS, and advise Council on the adequacy, accuracy and
robustness of the flood modelling undertaken and modelling results produced for the Reference
Design. This report is in response to that request.

1.2 SCOPE OF ENGAGEMENT

This report has been prepared based on information provided in the Draft B2G EIS. The scope of
this engagement has been as follows:

¢ Undertake a desktop review of the hydrologic and hydraulic modelling undertaken by FFJV
for the B2G Reference Design within the GRC LGA. This has included an assessment of the
following:
o the adequacy and suitability of the data and information relied upon for the modelling;
0 the appropriateness of the models and model configurations used;
o the adequacy and accuracy of the model calibration and validation;
0 the accuracy and reliability of the model results; and
o]

the reliability of the flood modelling findings.
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e Prepare a report to GRC presenting the findings of the review.
This report has been prepared based on information and data gathered from:

e areview of Chapter 12 (Surface Water and Hydrology), Appendix Q1 (Hydrology and
Flooding Technical Report - Volume 1) and Appendix Q2 (Hydrology and Flooding Technical
Report - Volume 2) of the draft B2G EIS;

e areview of Chapter 13 (Surface Water and Hydrology) and Appendix H (Hydrology and
Flooding Technical Report) of the NS2B EIS (FFJV 2020a, b);

¢ a desktop review of FFJV’s hydrologic and hydraulic models, modelling files, modelling
results and associated reports for the North Star to Queensland Border (NS2B) section of
the Inland Rail Project (WRM 2020); and

e the Draft B2G section review report prepared by the Independent International Panel of
Experts (IIPE) for Inland Rail flood studies in Queensland (lIPE, 2021).

This review has been limited only to flood modelling undertaken for the B2G Reference Design
within the GRC LGA and specifically across the Macintyre River, Macintyre Brook and their
significant tributary floodplains (i.e., the area of interest).

The Macintyre River, Macintyre Brook and its tributary flood models or the model input and
output files used by the FFJV for the B2G Reference Design presented in the B2G EIS have not
been available for this review. Further, no independent hydrologic or hydraulic modelling has
been undertaken by WRM as part of this review.

The level of this review has been commensurate with the scope of this engagement, with
specific focus on the modelling approach, adopted methodology, model calibration/validation
and the use of the calibrated models for Existing Conditions and Developed Conditions design
flood event assessment. With respect to the potential flood impacts of the B2G Project, the
focus of the review has been the flood impacts near Yelarbon and Goondiwindi townships.
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2 Design requirements, objectives,
standards and guidelines

2.1 OVERVIEW

The Reference Design of the B2G section of the Inland Rail Project requires a detailed
hydrologic and hydraulic assessment to establish flood behaviour in the potentially impacted
area under Existing Conditions followed by the consideration of the proposed rail works and
refinement of the proposed cross drainage structures required to minimise flood impacts to
acceptable (stipulated) levels under post-B2G Project Developed Conditions.

Appendix Q1 of the EIS outlines the design requirements, standards and guidelines adhered to
by ARTC/FFJV for their B2G Reference Design hydrologic and hydraulic assessments. The
following requirements are of particular relevance to this review:

o the hydrologic and hydraulic analyses and designs must be undertaken in accordance with
the current best practice and Australian Rainfall and Runoff (ARR) standards and
guidelines;

o the bridge and waterway hydrology analyses and designs must be undertaken in
accordance with the current Austroads and Queensland Department of Transport and Main
Roads (DTMR) standards and guidelines; and

e the flood impact objectives must be sufficiently well defined to allow potential adverse
flood impacts to be identified and satisfactorily mitigated.

2.2 HYDRAULIC DESIGN CRITERIA

Appendix Q1 of the EIS outlines the hydraulic design criteria (HDC) adopted by ARTC/FFJV for
the B2G Reference Design. The adopted HDCs are reproduced below in Table 2-1.

Table 2-1 - Hydraulic design criteria adopted for Reference Design

Performance = Regquirement
criteria
Flood immunity | Rail line — 1 % AEP flood immunity with 300 mm freeboard to formation level.
Hydraulic Hydrologic and hydraulic analysis and design to be underiaken basad on Australian Rainfall amd
analysis and Runoff (ARR 2018) and Stateflocal government guidelines.
design ARR 2016 interim climate change guidelines are to be applied with an increase in rainfall intensity to
be considered. Mo sea level change consideration required due to location cutside tidal zone.
ARR 2016 blockage assessment guidelines are to be applied.
Scour All bridges and culverts should be designed to reduce the risk of scour with events up to 1 % AEP
protection of event considarsd.
Siructures Mitigation to be achisved through providing appropriate scour profection or energy dissipation or by
changing the drainage structure design.
Structural 1in 2,000 AEF event to be modelled for bridge design purposes.
dasign
Extrems Damage resulting from overtopping to be minimised.
events
Flood flow Locate structures to ensure efficient conveyance and spread of floodwaters.
distribution
Sensitivity Caonsider dimate change and blockage in accordance with ARR 2018, Understand risks posed and
festing Project design sensitivity to climate change and blockage of struciures.
1283-02-E | 29 April 2021 | Page 9 [ EENEGTNININE
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2.3 FLOOD IMPACT OBJECTIVES

Appendix Q1 of the B2G EIS outlines the flood impact objectives (FIOs) adopted by ARTC/FFJV

for the B2G Reference Design. The adopted FIOs are reproduced below in Table 2-2.

Table 2-2 - Flood impact objectives adopted for Reference Design

Parameter Objectives
Change in Existing Residential or Existing non- Roadways. | Agrcultural | Agricultural
peak water habitable andlor | commencialind | habitable Rail lines. | (croppingl | (grazing
levels" commersial and | ustrial structures (e.g. areas landforest)
industrial properties/lots. agricultural areas and
buildings/ where flooding sheds, pump- cther non-
premises (e.q. does not impact | houses). agricuttural
dwellings, dwellings/ land.
schools, buildings (e.g.
hospitals, yards, gardens).
shops).
=10 mm. = 50 mim. = 100 mim. =100 mm. | = 100 mm =200 mm
with with localised
localised areas up to
areas upto | 400 mm.
400 mim.
Changes in peak water levels are to be assessed against the above proposed limits. It is noted that
changes in peak water levels can have varying impacts upon different infrastructurefland and flood
impact chjectives were developed to consider the flood sensitive receplors in the vicinity of the
Project. It should be noted that in many locations the presence of existing buildings or infrastructure
limits the change in peak water levels.
Change in " |dentify changes to duration of inundation through determination of Time of Submergence (ToSF
time of , | ® [For moads, determine the Average Annual Time of Submemence (AAToS) (if applicable) and
B Justify accepiability of changes through assessment of risk with a focus on land-use and flood
sansitive receptors.
Flood fiow " Aim fo minimise chamges in natural fliow patterns and minimise changes to flood flow distibution
distribution’ across floodplain areas
®  |dentify any chamges and justify acceptability of changes through assessment of risk with a focus
on land-use and flood sensitive receptors.
Velodties! " Maintain exsting velocities where practical
" ldentify changes to velocities and impacts on extemnal properties
"  Determine appropriate scour mitigation measures considering existing soil conditions
B Justify accepiability of changes through assessment of risk with a focus on land-use and flood
sensitive receptors.
Extreme event | ® Consider risks posed to neighbouring properties for events lamper than the 1% AEF event to
risk ensure no unexpected or unacceptable impacts.
management
Sensitivity " Consider risks posed climate change and blockage in accordance with ARR 2018
tesling ® Underake assessment of impacts associated with Project alignment for both scenarios.
Table note:

1 These flood impact objectives apply for events up to and including the 19 AEP event
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3 Models reviewed

3.1 OVERVIEW

Figure 3-1 shows the waterways crossing the B2G alignment through the geographical area of
interest to this review. Within this area, the proposed B2G alignment crosses the Macintyre
River, Macintyre Brook and some of their tributaries.

Macintyre Brook discharges into the Dumaresq River, which is a tributary of the Macintyre River.
The catchment area of Macintyre Brook is about 3,983 km?. The catchment area of the
Macintyre River to Goondiwindi is about 23,090 km?. Figure 3-2 shows the extents of the
Macintyre River, Dumaresq River and Macintyre Brook catchments upstream of Goondiwindi.

3.2 FLOOD MODELS USED

Four sets of flood (hydrologic and hydraulic) models have been used in the area of interest;
e Macintyre River flood models (described in EIS Chapter 12 and Appendix Q1, Section 19);

e Macintyre Brook - Yelarbon to Inglewood flood models (described in EIS Chapter 12 and
Appendix Q1, Section 16);

e Macintyre Brook at Cremascos Road flood models (described in EIS Chapter 12 and
Appendix Q1, Section 18); and

e Macintyre Brook at Bybera Road flood models (described in EIS Chapter 12 and Appendix
Q1, Section 17).

All hydrologic modelling has been undertaken using the URBS model and all hydraulic modelling
has been undertaken using the TUFLOW model. Figure 3-2 and Figure 3-3 show the extents of
the URBS model catchments and the TUFLOW model extents used in the B2G flood modelling.

e the Macintyre River flood models comprise:

o four URBS models for its four major waterways (Macintyre River, Macintyre Brook,
Dumaresq River and Ottleys Creek) and four URBS models for the four minor waterways
south of the QLD border (Mobbindry Creek, Back Creek, Strayleaves Creek and Forest
Creek) crossing the NS2B and B2G alignments;

0 a TUFLOW model incorporating the upstream inflows predicted by the above URBS
models;

e the Macintyre Brook - Yelarbon to Inglewood flood models comprise:

o three URBS models (two models for Macintyre Brook downstream of Inglewood and
Dumaresq River used for the Inland Rail NS2B EIS and the other for Macintyre Brook
upstream of Inglewood used in a previous Inglewood flood study (Engeny, 2015));

0 a TUFLOW model (combining parts of the NS2B and Engeny (2015) TUFLOW models)
incorporating the upstream inflows predicted by the above URBS models;

e the Macintyre Brook at Cremascos Road flood models comprise:
o0 a URBS model (of an unnamed tributary of Macintyre Brook crossing Cremascos Road);

0 one TUFLOW model (covering the above unnamed tributary floodplain from immediately
upstream to immediately downstream of the B2G alignment);

e a Macintyre Brook from Bybera Road flood models comprise:
o one URBS model (of an unnamed tributary of Macintyre Brook crossing Bybera Road);

0 one TUFLOW model (covering the above unnamed tributary floodplain from immediately
upstream to immediately downstream of the B2G alignment).
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4 Independent International Panel of
Experts report

4.1 OVERVIEW

An Independent International Panel of Experts (IIPE) have undertaken a detailed review of the
draft B2G EIS and associated supporting documents as well as the flood (hydrologic and
hydraulic) modelling undertaken for the B2G Project and prepared a detailed report outlining
their findings (IIPE, 2021).

e |IPE (2021) provides findings on flood modelling undertaken within the GRC LGA only for
Macintyre Brook from Yelarbon to Inglewood, Macintyre Brook at Cremascos Road and
Macintyre Brook at Bybera Road.

e |IPE (2021) does not provide any findings on flood modelling undertaken for the Macintyre
River because the Macintyre River flood modelling presented in the draft B2G EIS is now
apparently outdated. The IIPE had been informed that the FFJV is currently updating the
Macintyre River flood modelling to be compliant with ARR guidelines because the (original)
modelling presented in the draft B2G EIS is not compliant with ARR guidelines.

4.2 PANEL FINDINGS AND RECOMMENDATIONS

IIPE (2021) has identified a number of significant technical shortcomings in the flood modelling
and reporting undertaken for the B2G section of interest to this review. |IPE have identified
shortcomings in all aspects of hydrologic and hydraulic modelling that has been undertaken,
including in model configuration, model calibrations, model validations, design discharge
estimation, and flood frequency analyses. In addition, they have stated that the EIS technical
reporting is not sufficiently comprehensive to meet the IIPE’s Terms of Reference.

Based on the significance of the technical shortcomings they had identified, the IIPE have
expressed concern that the flood models developed for the Reference Design will be adopted
for Detailed Design. IIPE have stated that they would prefer the additional flood modelling
required to address the shortcomings they have identified be undertaken and completed as part
of the draft EIS approval process in order to provide a clear direction and a viable Reference
Design for the next Detailed Design phase of the B2G Project.

The IIPE review has identified and detailed a number of areas where additional work is
required, either as part of further Reference Design or to allow the draft EIS to be revised. To
facilitate the resolution of the issues they have identified, each issue has been assigned a level
of importance, as outlined in Table 4-1. In my opinion, the issues identified in the IIPE report,
especially the issues of medium, high and very high importance, should be addressed at this
Reference Design stage and prior to the approval of the EIS.

Sections 6.2, 7.2 and 8.2 of this report summarise and discuss the IIPE (2021) findings and
recommendations of relevance to this report on the Macintyre Brook - Yelarbon to Inglewood,
Macintyre Brook at Cremascos Road and Macintyre Brook at Bybera Road flood models.

I ' water.com.au 1283-02-E | 29 April 2021 | Page 15 | ENENEGKGTcNGEGE



L B
|
-

Table 4-1 - IIPE’s classifications to identify individual flood modelling shortcomings

Level of Importance  Explanation

Low 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 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 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 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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5 Macintyre River models

5.1 OVERVIEW

The flood modelling reported in the B2G EIS Reference Design for the Macintyre River floodplain
is based on the flood modelling undertaken for the NSW North Star to Queensland Border (NS2B)
section of Inland Rail. WRM undertook a detailed review of these Macintyre River flood models
as a part of their review of the flood modelling undertaken by the FFJV for the NS2B EIS (FFJV
2020a, FFJV 2020b). Details of that review and its findings are presented in a separate report
(WRM 2020), which is reproduced in Appendix A of this report for convenience. Only a summary
of the findings of the WRM (2020) review of relevance to the Inland Rail B2G section is
presented below.

As noted earlier, IIPE (2021) have not reviewed the Macintyre River flood modelling undertaken
for the B2G EIS. IIPE have reported that the Macintyre River flood modelling presented in the
draft B2G EIS is now outdated. The IIPE have been informed that the FFJV are currently
updating their NS2B (and the B2G) Macintyre River flood modelling to be compliant with ARR
guidelines because the hydrologic modelling presented in the draft B2G EIS is not compliant
with ARR guidelines. According to the IIPE report (Section 1), FFJV have stated that ‘The update
was prompted as a result of discussions with Goondiwindi Regional Council and their Submission
to the EIS’. The GRC submission to the flood modelling presented in the NS2B EIS was based on
the findings of WRM (2020).

The following sections are based on the review of the flood modelling as presented in the draft
B2G EIS. WRM reserve the right to revise and update our review and its findings when the
updated FFJV modelling and associated documents are released.

5.2 SUMMARY OF WRM (2020) FINDINGS

5.2.1 Flood model configurations

The URBS model has been used for hydrologic modelling and the TUFLOW model has been used
for hydraulic modelling. The adopted models are appropriate for flood modelling undertaken for
the proposed B2G project.

The hydrologic models used comprise four separate URBS models for each of the four major
waterways close to the NS2B/B2G alignment: Macintyre River, Macintyre Brook, Dumaresq River
and Ottleys Creek. The Macintyre River, Macintyre Brook and Dumaresq River URBS models have
been sourced from the NSW DPIE. A new URBS model has been developed for Ottleys Creek.

A single TUFLOW model incorporating the upstream inflows predicted by each of the above
URBS models has been developed for the modelled area. The adopted TUFLOW model, which is
a cut-down version of the DPIE TUFLOW model used for the Borders River Valley Floodplain
Management Plan (BRVFMP), covers an area of about 2,600 km?2. The DPIE TUFLOW model
covered an area of about 11,000 km?2.

There are a number of technical shortcomings in the adopted URBS and TUFLOW model
configurations. The adopted model configurations are not sufficient to accurately assess the
existing and future flooding behaviour in the modelled area for the full range of design flood
events up to the PMF. The identified shortcomings could have potentially significant impacts on
the accuracy and reliability of the flood modelling that has been undertaken for the B2G
Reference Design.

Based on current ARR guidelines, the 'focal' point of the FFJV hydrologic modelling for the
Reference Design should be Boggabilla or the proposed NS2B/B2G rail line crossing of the
Macintyre River. The adopted modelling approach and model extent have not used the correct
focal point for the NS2B/B2G flood modelling. As consequence, FFJV have undertaken their
design event modelling with inappropriate model inputs for design rainfalls, rainfall temporal
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patterns, rainfall aerial reduction factors and rainfall losses. The magnitude of the inaccuracy
introduced by the adopted approach is unknown but could potentially be significant.

Based on the available DEM and local landholder accounts, there are interactions between
Macintyre Brook and Kippenbung Creek (a tributary of the Dumaresq River) as well as Brigalow
Creek (a tributary of the Weir River) near Yelarbon, as well as the Macintyre River and Brigalow
Creek upstream of Goondiwindi, during large flood events. Some of these interactions are
apparent in FFJV’s own B2G flood modelling results presented for the Macintyre Brook -
Yelarbon to Inglewood reach (see Section 6). These interactions have not been adequately
considered when configuring the Macintyre River hydraulic model for large flood events. This
means that the adopted TUFLOW model configuration would not accurately represent large
flood events.

The local (residual) catchment inflows downstream of Macintyre Brook (at Booba Sands), the
Dumaresq River (at Beebo), the Macintyre River (at Holdfast) and Ottleys Creek (at the
Macintyre River confluence) are not included in the TUFLOW model. This means that the local
inflows from an area of approximately 3,250 km? are not accounted for in the hydraulic model.

There are a number of local creeks that drain towards Whalan Creek including Mobbindry Creek,
Back Creek, Forest Creek and Strayleaves Creek. Inflows from these four minor waterways have
not been used in the TUFLOW model calibration and have been input to the TUFLOW model only
for the design event modelling. Further, the design inflows adopted in the TUFLOW model are
not consistent with the URBS model outputs for the respective creeks.

The adopted TUFLOW model inflow boundaries poorly represent upstream and local inflows and
raise a number of significant issues with respect to the accuracy and reliability of model results,
including:

e Calibration events have only 4 upstream total inflows. There are no local inflows for an
area of approximately 3,250 km? not covered by the hydrologic models plus the minor
tributaries covering 467 km? for which no flows have been included (a total area of about
3,700 km?). This means that the TUFLOW model has been calibrated with lower than actual
inflows to the modelled area.

e Some of the major waterway inflows are input to the TUFLOW model several kilometres in
from the model boundary (e.g., Ottleys Creek, Macintyre River). This would allow some of
the inflows to also propagate upstream rather than only downstream along the channel,
especially in flat floodplains such as in the Macintyre river system.

e Some of the major waterway inflows are input to the TUFLOW model several kilometres
downstream or upstream from the locations where the inflows were derived (e.g.,
Macintyre Brook, Ottleys Creek). In the case of Macintyre Brook, this would prevent
potential breakouts into Kippenbung Creek, Brigalow Creek, etc and flooding in Yelarbon
during large flood events.

The TUFLOW model has been configured using a 30 m grid size. The adoption of a 30 m cell size
is understandable when looking at the totality of the model domain. However, this grid size
appears to be too coarse and inappropriate for representing some of the channels and drainage
features in the vicinity of the proposed rail alignment. A sensitivity run undertaken by FFJV has
shown that a 15 m grid sized hydraulic model predicted peak flood levels are generally lower by
about 50 mm across the modelled area and by about 150 mm along the NS2B/B2G alignment.
This is a significant reduction in peak flood level in the context of the Macintyre River floodplain
near B2G alignment where a 100 mm difference in peak flood level represents a few thousand
cubic meters per second difference in peak Macintyre River discharges through the modelled
area.

A number of cross drainage structures along the existing rail and road alignments do not appear
to be adequately represented in the TUFLOW model under existing conditions (e.g., road cross
drainage and bridge structures) but are being represented by proposed drainage structures
under Developed Conditions (e.g., Mobbindry Creek, Back Creek).
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5.2.2 Model calibration

FFJV's URBS and TUFLOW models have been calibrated against 3 historical flood events, namely
February 1976, January 1996 and January 2011 events. Of these, the DPIE had calibrated their
hydrologic and hydraulic models to the February 1976 and January 1996 events. FFJV have
accepted and used the DPIE's hydrologic models and their calibrations with little or no change
for their NS2B/B2G flood modelling. Based on their review of the DPIE models, FFJV have stated
that the DPIE URBS model calibrations for the 1976 and 1996 events are reasonable and
therefore there was no justification not to adopt DPIE calibration.

There a number of technical shortcomings in the adopted model calibration and the adopted
calibration methodology is not consistent with current industry and best practice. The primary
shortcoming is the use of different model configurations with different routing characteristics
for the different calibration events. As a consequence, in my opinion, the adopted models are
not sufficiently reliable to assess the Existing Conditions and Developed Conditions (i.e., post-
NS2B/B2G) flooding behaviour in the study area. These shortcomings would have an impact on
the accuracy and reliability of the flood modelling that has been undertaken for the B2G/NS2B
Reference Designs.

The current modelling best practice, including the ARR guidelines, requires hydrologic model
calibrations to multiple historical flood events to be achieved with the same model and with a
common (i.e., average or weighted) set of model parameters. In other words, FFJV should have
used the same URBS models with a common set of model parameters for all three calibration
events. This has not been done for the NS2B/B2G flood modelling.

5.2.3 Flood frequency analyses

For the reconciliation of hydrologic model design event discharges with flood frequency analysis
(FFA) results for the catchments upstream of the hydraulic model area, FFJV have used
Generalised Extreme Value (GEV) frequency distributions to fit peak annual discharges at
Macintyre Brook at Booba Sands, Dumaresq River at Farnbro, Macintyre River at Holdfast and
Ottleys Creek at Coolatai stream gauging stations when Log Pearson Il (LPIII) frequency
distributions provide better fits to recorded peak discharges at these stations.

The Boggabilla stream gauge is the key reconciliation point for the combined hydrologic and
hydraulic modelling for the NS2B/B2G alignments. FFJV state that the Boggabilla rating is
reasonably consistent with gauged flows, except for rated flows higher than the highest gauged
flow of about 3,500 m3/s. Therefore, as stated in the NS2B EIS and the B2G EIS, a good
reconciliation between the FFA results and the design discharges at Boggabilla should have been
possible for events more frequent than the 1% AEP. This has not been achieved.

Hydraulic model predicted design discharges at Boggabilla for all events between 20% AEP and
1% AEP are considerably higher than the FFA results. For example, the modelled 20% AEP design
discharge at Boggabilla is about 18% higher than the FFA discharge and the modelled 10% AEP
design discharge is about 28% higher than the FFA discharge. In my opinion, these differences
between FFA and TUFLOW model results are too large.

5.2.4 Design event modelling

FFJV have added the 2011 flood event to the model calibration apparently to confirm and
validate their model calibration and provide more confidence in the modelling results due to
the uncertainties associated with the DPIE 1996 flood event model. Yet, FFJV have run the
design flood events using a different URBS model configuration to that used for the 2011 event
calibration. This indicates that the design discharges used for the Reference Design and the
flood impact assessment are not based on FFJV's latest calibrated models and the Reference
Design has been undertaken with preliminary (not the latest) design discharges. This issue is not
identified in Chapter 12 and Appendix Q1 of the B2G EIS. In my opinion, this is major technical
shortcoming in the design event analyses and is not in accordance with current best practice
and ARR guidelines.
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The URBS model used for the Macintyre River design event analysis (and therefore the
Reference Design) does not include the Pindari Dam, which is likely to influence design
discharges in the Macintyre River, and therefore the downstream design flood levels.

The design event modelling approach undertaken by FFJV has not followed the
recommendations of the ARR guidelines for the selection of design rainfalls, rainfall aerial
reduction factors, rainfall temporal patterns and rainfall losses.

FFJV have undertaken design event modelling using an approach that is not consistent with the
ARR guidelines. As a consequence, the design event analyses have been undertaken using
inappropriate design rainfalls, rainfall aerial reduction factors, rainfall temporal patterns and
rainfall losses. This is most likely the reason why FFJV had to reduce (i.e., factor down) all their
design inflows into the hydraulic model by 30% (see Section 8.2.4 of Appendix H, NS2B EIS). This
is likely to have also resulted in significant reductions in modelled flood volumes (in addition to
the reduction in flood volume caused by the omission of local catchment inflows) possibly
explaining why the design event results are not consistent with calibration event results.

The adopted approach also may have resulted in the selection of inappropriate critical storm
durations for the catchment draining to NS2B/B2G rail alignment. The critical storm durations
for the Macintyre River at Boggabilla and Goondiwindi are likely to be longer than the critical
durations at the upstream inflow gauging stations. Based on model files and results provided for
review, no hydraulic modelling has been undertaken for durations greater than 48 hours for the
1% AEP event and greater than 72 hours for the more frequent events. This is could potentially
have a significant impact on the design event results for the full range of flood events modelled
for the BS2B/B2G flood modelling.

5.2.5 Summary

There are significant technical shortcomings in the flood modelling undertaken for the NS2B and
B2G section Reference Designs. These shortcomings are in all aspects of the modelling
undertaken including hydrologic and hydraulic modelling approaches, model configurations,
model calibrations, flood frequency analyses and design event analyses.

The cumulative impact of all the individual shortcomings that were identified could potentially
be significant but is currently unknown. However, it is possible to say that, as a result of the
identified shortcomings, there is considerable uncertainty on the accuracy, reliability and
robustness of the flood modelling and modelling results that have been presented in the B2G EIS
for both Existing Conditions and Developed Conditions. Therefore, there is considerable
uncertainty regarding the predicted flood impacts as well.

In my opinion, several aspects of the flood modelling undertaken for the B2G alignment do not
reflect current best practice and are not compliant with current ARR standards and guidelines.
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6 Macintyre Brook - Yelarbon to
Inglewood models

6.1 OVERVIEW

Macintyre Brook is a tributary of the Dumaresq River, which in turn is a tributary of the
Macintyre River. The hydrologic modelling undertaken for the Macintyre Brook covers the
catchment of Macintyre Brook up to its confluence with the Dumaresq River (a catchment area
of approximately 4,000 km?). The hydraulic modelling undertaken for the Macintyre Brook -
Yelarbon to Inglewood reach covers the Macintyre Brook floodplain between an area
immediately downstream of Yelarbon and an area immediately upstream of Inglewood (i.e.,
between B2G chainages 14.75 km and 75.00 km). The hydraulic model extent is entirely within
the GRC LGA. Figure 3-2 and Figure 3-3 show the extents of the Macintyre Brook hydrologic
(URBS) and hydraulic (TUFLOW) models.

The Macintyre Brook - Yelarbon to Inglewood hydraulic (TUFLOW) model overlaps with the
Macintyre River, Macintyre Brook at Cremascos Road and Macintyre Brook at Bybera Road
TUFLOW models. Figure 3-2 and Figure 3-3 show the locations and extents of these overlaps.

e the Macintyre River and Macintyre Brook - Yelarbon to Inglewood TUFLOW models overlap
between B2G Chainages 14.75 km and 33.00 km.

e the Macintyre Brook at Cremascos Road and Macintyre Brook - Yelarbon to Inglewood
TUFLOW models overlap between B2G Chainages 52.15 km and 53.15 km.

e the Macintyre Brook at Bybera Road and Macintyre Brook - Yelarbon to Inglewood TUFLOW
models overlap between B2G Chainages 54.50 km and 56.40 km.

Access to the flood models used for the B2G Macintyre Brook - Yelarbon to Inglewood B2G
section Reference Design were not available for this review. Further, the EIS does not provide
sufficient information to undertake a detailed review of the adopted methodology, including
data and assumptions used for hydrologic and hydraulic modelling. My review has been assisted
by the additional information gleaned from IIPE (2021).

This report is based on the review of the flood modelling presented in the draft EIS. It is likely
that the Macintyre Brook flood modelling also may have to be updated if the Macintyre River
modelling is updated. WRM reserve the right to revise and update our review and its findings
once the updated FFJV modelling and associated documents are released.

Flood modelling has been undertaken for 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP, | in 2,000
AEP and 1 in 10,000 AEP design flood events and the Probable Maximum Flood (PMF) event.
Based on model results for these flood events, the following flood mapping has been presented:

e Existing Conditions peak flood levels and depths (for all design events modelled);
e Developed Conditions peak flood level affluxes (for all design events modelled);
e Existing Condition peak flood velocities (for 1% AEP only);

In addition, mapping has been provided for changes in velocity and duration of inundation, as
well as climate change and culvert blockage sensitivity analyses for the 1% AEP design event
only.

[IPE (2021) has undertaken a detailed review of the Macintyre Brook - Yelarbon to Inglewood
flood modelling and identified and described a number of shortcomings in the models and
modelling undertaken, as well as reporting in the EIS (see Section 6.2). Only issues and concerns
that have not been raised in IIPE (2021) and/or those that require further discussion or emphasis
by WRM are discussed in Section 6.3.
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6.2 |IPE (2021) REVIEW FINDINGS

6.2.1 General

[IPE (2021) has had access to the flood models used for the B2G Macintyre Brook - Yelarbon to
Inglewood B2G section Reference Design, in addition to documentation provided in the draft
EIS. They have also had discussions with the FFJV modelling team as part of their review. Based
on their review, IIPE (2021) has found a number of technical shortcomings in the hydrologic and
hydraulic modelling undertaken for the B2G section between Yelarbon and Inglewood. These
shortcomings cover all aspects of modelling, including model configurations, catchment
delineations, model calibrations, flood frequency analyses and design discharge estimation. A
detailed discussion on these shortcomings can be found in Appendix B of IIPE (2021).

Although IIPE (2021) considered that the overall methodology used for the Macintyre Brook flood
modelling was generally appropriate, they have expressed concerns about the application of this
methodology. They have also expressed concerns about:

¢ the sizing of drainage structures;
¢ the assessment of flood impacts;

o the level of detail provided in the Hydrology and Flooding Technical Report (EIS
Appendices Q1 and Q2) to justify assumptions made in flood modelling; and

o the lack of detail provided in the Hydrology and Flooding Technical Report to justify its
conclusions.

IIPE (2021) has also found that the flood modelling and the EIS should investigate and report on
flood events more frequent than the smallest (20% AEP) modelled event to accurately
demonstrate that the proposed B2G section Reference Design will not adversely impact on flow
patterns and flow distributions during minor and more frequent flood events.

6.2.2 Summary of findings

IIPE (2021) found that, although the Macintyre Brook - Yelarbon to Inglewood flood models have
been generally developed and applied in accordance with relevant guidelines and manuals,
there were a number of significant issues in relation to the development and application of
these models that could affect the accuracy of model results and the predicted flood impact of
the B2G section. IIPE (2021) has summarised in Appendix B (Table 13) the issues they have
identified where additional work is required to address and resolve the problems and concerns
IIPE have with the Macintyre Brook - Yelarbon to Inglewood flood modelling and reporting.

[IPE (2021) has indicated that the B2G Reference Design would meet current industry standards
and best practice and be potentially fit for purpose for the EIS process and to inform the
Reference Design and the mitigation of impacts, only after the provision of additional
documentation they have requested and the satisfactory resolution of the issues they have
identified in Appendix B, Table 13.

As stated earlier, 1IPE (2021) was not satisfied with a number of aspects of the flood modelling
and has noted that the modelling completed to date in relation to the Reference Design will
need to be modified as part of further design. Some of the comments made in Appendix B
(Table 12) of the report with regards to FFJV’s flood modelling include:

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

e 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.

e Several aspects of the structure and embankment implementation in the TUFLOW model
are poor and likely to result in inaccurate results.
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e The reported FFA results are not consistent with previous analyses or the TUFLOW model
results. An FFA undertaken by the IIPE could not replicate those results, but it did match
previous analyses. The TUFLOW model does not match either historical or the FFJV’s FFA
results well, indicating that an issue may exist in the hydrologic/hydraulic model.

¢ The FIOs have been achieved in some instances, though there are several impacts that are
greater than the adopted objective limits. Several properties, including dwellings, do not
have their impacts reported.

¢ While flood 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 in the EIS.

IIPE (2021) has Identified 37 issues with regards to modelling and reporting shortcomings and
have requested additional work prior to EIS approval. They have classified these issues into four
levels of importance as defined in Table 4-1. Based on these classifications, of these 37
identified issues:

e 7 were classified as ‘Low’ importance;

e 13 were classified as ‘Medium’ importance;

e 13 were classified as ‘High’ importance; and
e 4 were classified as ‘Very High’ importance.

The ‘Very High’ importance classification has been attached to some of the matters dealing
with shortcomings in model calibration, FFA and unreported flood impacts. The ‘High’
importance classification has been attached to matters such as non-standard hydrologic
modelling, adopted URBS model parameters, hydraulic model configuration, hydraulic model
parameters and representation of hydraulic structures.

6.3 WRM REVIEW FINDINGS

6.3.1 General

Based on information provided in Appendices Q1 and Q2 of the draft EIS and IIPE (2021), the
URBS model has been used for hydrologic modelling and the TUFLOW model has been used for
hydraulic modelling. The adopted models are appropriate for flood modelling undertaken for
the proposed B2G Project. However, there are significant shortcomings in the application of
these models for the Existing Conditions and Developed Conditions (B2G Reference Design) flood
modelling.

It appears that three separate URBS hydrologic models have been used to provide inflows to the
Macintyre Brook - Yelarbon to Inglewood TUFLOW model:

e the URBS model used for the Inglewood Flood Study (Engeny, 2015);

¢ the ‘Macintyre River URBS model’ used for the NS2B EIS (which is a combination of four
separate URBS models described in Section 5 for the Macintyre River, Macintyre Brook,
Dumaresq River and Ottley’s Creek); and

e the Dumaresq River URBS model which is a sub-model of the above Macintyre River URBS
model.

The EIS Appendix Q1 and Chapter 12 do not mention or justify the use of all the above models
and do not explain how or why these models have been used in the Macintyre Brook flood
modelling. It is likely that any future updates to the Macintyre River URBS models may also
require updates to the Macintyre Brook URBS models.

6.3.2 Hydrologic modelling

The use of three different URBS models to provide inflows to a single TUFLOW model is not a
standard modelling approach as stated in IIPE (2021). It is particularly inappropriate for the B2G
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Reference Design because these three URBS models are not consistent with each other with
respect to their adopted modelling modes (‘Basic’ vs ‘Split’), routing and loss parameters,
model calibrations and design rainfall inputs, and, as a consequence, have produced
inconsistent results.

It appears that the design discharge estimation for the Macintyre Brook has been undertaken
using Inglewood as the ‘focal point’. The choice of focal point is relevant with respect to the
selection of the critical duration and temporal pattern of the design rainfall event. Design
discharges estimated using Inglewood as the focal point (catchment area approximately 3,400
km?) may not produce accurate design discharges near Yelarbon (catchment area approximately
4,000 km?), which has been identified as a key location with respect to potential flood impacts
due to the B2G rail line and requiring major flood mitigation works. At the very least, a
sensitivity analysis should be undertaken to assess the impact of the adopted focal point on
design discharges near Yelarbon prior to making the decision to adopt Inglewood as the focal
point for the B2G section Reference Design.

6.3.3 Hydraulic modelling

A single (15 m grid) TUFLOW model has been used for the Macintyre Brook - Yelarbon to
Inglewood B2G section Reference Design. The underlying topographic data for this model has
been sourced from 2015 LiDAR data as 1 metre grid DEM files provided by ARTC. Other data sets
from Geoscience Australia (2009 and 2015 LiDAR) have been used to supplement the ARTC data,
as necessary. The extent of this model is shown in Figure 3-3.

IIPE (2021) (in Appendix B) has identified and reported a number of significant issues with
respect to the underlying topographic representation, inflow boundary conditions, model input
parameters, culvert and bridge representations, etc.

With respect to hydraulic structures, under Existing Conditions, it appears that the TUFLOW
model contains three bridges (Bybera Road Bridge, Cunningham Highway Bridge at Inglewood
and Millmerran-Inglewood Road Bridge), three culverts (Potters Road, Cunningham Highway at
Yelarbon and QR Rail culverts at Yelarbon), a causeway at Lovells Crossing Road, the QR Existing
Rail line (embankment) and the Yelarbon Levee. According to the B2G Reference Design, it
appears that up to 34 additional cross-drainage culverts (21 RCPs and 13 RCBCs) would be
incorporated along the B2G rail line between Yelarbon and Inglewood.

DTMR (2019) guidelines require any bridges that are relevant for the hydraulic assessment must
be modelled in the hydraulic model as 2d structures if the bridge spans three or more grid cells
and must have their head loss estimates validated using an alternate independent method. It
does not appear that FFJV have undertaken any such independent validation to review their
hydraulic model results at bridge crossings.

Based on WRM (2020) and IIPE (2021) report findings, not all existing culverts within the
Macintyre River - Yelarbon to Inglewood B2G section have been included in the Existing
Conditions model. Figure 6-1 shows some of the locations where existing culverts do not appear
to be included in the Existing Conditions TUFLOW model. In my opinion, this is likely to result in
an overestimation of flood levels immediately upstream of the B2G alignment under Existing
Conditions, and therefore, likely to underestimate the flood impacts of the proposed B2G
Reference Design.

A normal depth boundary condition has been applied at the downstream boundary of this model.
In my opinion, this is flawed because the adoption of such a boundary condition independent of
any interaction with the Macintyre River flows would produce erroneous results near the
downstream end of the model including near Yelarbon (see Section 6.2.6).
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Figure 6-1 - Location of hydraulic structures that do not appear to be included in the Existing Conditions TUFLOW model
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6.3.4 Model calibration

Chapter 12 and Appendix Q1 (Section 16) of the EIS refer to a joint calibration of hydrologic and
hydraulic models. This appears to be misleading because there is no evidence of any joint
calibration of these models being undertaken. Based on available information, the hydrologic
(URBS) and hydraulic (TUFLOW) models have been calibrated separately. Further, the
calibration of both URBS and TUFLOW models have been limited to the parts of these models
upstream of the Inglewood stream gauge.

The Macintyre Brook flood models have been calibrated only to the 1976 flood event and only
against data at Inglewood. This means both hydrologic and hydraulic models for the Macintyre
Brook have not been calibrated and validated at any locations downstream of Inglewood. This is
despite having suitable calibration data at several upstream and downstream stream gauging
stations (as identified in IIPE (2021) for the 1976 event and at least two other more recent flood
events in 1996 and 2011. At a minimum, within the extent of the TUFLOW model and
downstream of Inglewood, data available for Macintyre Brook at Ben Dor Weir (GS 416406A) can
be used for the 1976 event and Macintyre Brook at Booba Sands (GS 416415A) can be used for
1996 and 2011 events. It is noted that the ‘Macintyre River URBS model’ (see Section 5) has
been calibrated along Macintyre Brook at other locations to all three of these historical flood
events for the NS2B section Reference Design.

The current modelling best practice, including the ARR guidelines, requires hydrologic model
calibrations to multiple historical flood events to be achieved and at multiple locations if
suitable recorded historical data is available. Therefore, to demonstrate the accuracy,
reliability and robustness of the Macintyre Brook flood models it is essential that these models
be calibrated and validated against multiple historical flood events and at multiple locations.

Based on the calibration results presented in the EIS, the hydraulic model appears to reproduce
the recorded 1976 flood discharges and water levels reasonably well at the Macintyre Brook
stream gauge at Inglewood. However, the hydraulic model results do not appear to accurately
match the 19 surveyed peak flood levels (debris mark levels) across the Inglewood Township
area.

Table 6.1 shows the surveyed and TUFLOW model predicted peak flood levels across the
Inglewood Township area. Figure 6-2 shows the location of these surveyed points as well as the
difference between the surveyed and Engeny (2015) flood study predicted peak flood levels. A
comparison of the 2015 flood study and the FFJV TUFLOW model results show that the FFJV
calibration at Inglewood is inferior to the 2015 calibration. Further, the FFJV model appears to
overpredict the 1976 peak flood levels on the northern part of the town and underpredict the
peak flood levels on the southern part of the town. Based on these calibration results, it
appears that the hydraulic model does not accurately model the flow breakout at Inglewood.
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Table 6-1 - Comparison of TUFLOW model predicted and surveyed 1976 flood peak flood
levels in Inglewood (sourced from Table 16.14, EIS Appendix Q1)

Flood marker  Source Recorded level  TUFLOW modelled level = Difference (m)
D {m AHD) {m AHD)

1 Inglewood Flood Study, | 283,67 283.00 +0.32
2 June 2013 283.60 284.12 +0.52
3 28372 284.18 +0.46
P 283,61 284.00 +0.30
5 284 04 284.34 +0.30
8 284.15 284.33 +0.18
7 283 87 283.08 +0.11
8 283.60 28373 +0.04
g 28372 283.67 +0.15
10 283.04 284.10 +0.16
1 284 45 284.43 002
12 284.13 283.68 047
13 284 83 284.41 042
14 283.87 28367 +0.00
15 283 18 283.18 +0.00
18 285.14 284.45 089
17 28502 283.03 -1.09
18 28208 282,68 010
10 284 17 28421 +0.04
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6.3.5 Flood frequency analyses

A FFA has been undertaken at the Inglewood stream gauge (GS 416402) fitting a LP IlI
distribution to 49 years (1969 to 2018) of rated peak annual discharges. It is not known whether
the FFA has been undertaken with Calendar or Water Year peak discharges.

The Inglewood stream gauge (catchment area 3,430 km?) has recorded data dating back to at
least 1953 (65 years). Another gauging station on Macintyre Brook at Whetstone, with only a
slightly larger catchment area (3,650 km?) and a few km downstream of Inglewood, has
recorded data from 1923 to 1953 potentially providing a further 30 years of rated data to
extend the Inglewood record.

The FFA has been undertaken only for the period since 1969 (49 years) i.e., for the post
Coolmunda Dam construction period. The largest recorded Macintyre Brook flood event at
Inglewood since the construction of the Coolmunda Dam occurred in 1976. The largest recorded
Macintyre Brook flood at Inglewood in 1956, which occurred prior to the construction of the
Coolmunda Dam, has not been included in the FFA. The rated 1956 peak discharge of
approximately 5,300 m3/s at Inglewood was more than twice the magnitude of the rated 1976
peak discharge of approximately 2,550 m®/s.

There is no evidence in the EIS to indicate whether the rating curve at Inglewood gauge has
been adequately reviewed prior to undertaking the FFA. The maximum gauged discharge at this
location is approximately 672 m3/s and is significantly smaller than the 1976 and 1956 peak
discharges.

ARR provides guidelines and methodologies for the conduct of FFAs including guidance on the
use of pre-dam historical discharge and anecdotal data. No justification has been provided in
the EIS on why the full available data set was not used for the FFA at Inglewood and why ARR
guidelines were not followed.

The reasons for undertaking an FFA for Macintyre Brook at only one stream gauge when a
number of other stream gauges with suitable data are also available (e.g., Macintyre Brook at
Booba Sands - GS 416415) are also unknown. It is good practice to undertake FFAs at other
stations for which suitable data is available both for sanity checks against other gauges within
the model extent and better reconciliation with URBS model predicted discharges at multiple
locations.

Th EIS Appendix Q1 (Table 16.17) presents a comparison of the Macintyre Brook at Inglewood
TUFLOW model predicted peak design discharges and those obtained from the FFA, as well as
equivalent estimates from the previous Inglewood flood study (Engeny, 2015). The TUFLOW
model predicted design discharges do not agree well with the discharges derived from the FFA.
For example, the 1% AEP design discharge predicted at Inglewood by TUFLOW is about 25%
higher than the FFA estimate (3,450 m3/s vs 2,750 m3/s), and the 10% AEP design discharge
predicted by TUFLOW is about 190% higher than the FFA estimate (1,688 m3/s vs 646 m3/s). In
my opinion, these differences between FFA and TUFLOW model results are too large.

The TUFLOW model results used for the B2G Reference Design have produced significantly
different results to the FFA results, and the FFA results produced in a previous Inglewood flood
study (Engeny, 2015). IIPE (2021) has undertaken their own FFA at Inglewood to try and
reproduce the FFJV results but had failed and IIPE believe the FFJV’s FFA may be incorrect.

For reasons discussed above, the FFAs undertaken by the FFJV to reconcile the URBS model
design discharge estimates along Macintyre Brook are technically flawed. Therefore, the flood
modelling undertaken for the B2G Yelarbon to Inglewood section Reference Design does not
reflect current best practice and is not compliant with current ARR guidelines. These
shortcomings would have an impact on the accuracy and reliability of the flood modelling that
has been undertaken for the B2G section Reference Design.

6.3.6 Inconsistent results between the Macintyre River and Macintyre Brook models

The downstream end of the Macintyre Brook - Yelarbon to Inglewood TUFLOW model overlaps
with the Macintyre River TUFLOW model. Good modelling practice requires the topographic
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data, hydraulic structure data, boundary conditions, etc to be consistent between these two
(regional and local) models. This does not appear to be the case because the results between
these two models, especially near Yelarbon, are quite inconsistent. This indicates that the
modelling undertaken for the Reference Design is inaccurate, unreliable and not sufficiently
robust.

Based on the Macintyre Brook - Yelarbon to Inglewood TUFLOW model results:

e Under Existing Conditions, flows are mostly contained within the Macintyre Brook channel
up to about 20% AEP flood event. The flows are predicted to breakout into the Yelarbon
Township area and into Brigalow Creek (a tributary of the Weir River) and Kippenbung
Creek (a tributary of the Dumaresq River) at flood events between 20% AEP and 10% AEP.
For a 1% AEP flood event, the Yelarbon township is predicted to be inundated to a depth of
about 2 m. The existing Yelarbon Levee is predicted to be overtopped by floods equal to or
greater than a 10% AEP event and by up to 0.3 m for a 1% AEP event. The Cunningham
Highway at Yelarbon is also predicted to be overtopped by floods equal to or greater than
a 10% AEP event. At Yelarbon, the flood velocities during a 1% AEP flood event are
predicted to be up to 1.3 m/s.

e Under Developed Conditions, Yelarbon is predicted to be impacted requiring significant
flood mitigation measures. The traditional flood mitigation approach used by ARTC has
been to increase cross drainage capacity across the proposed rail embankment. However,
according the EIS, this approach is not practical through Yelarbon because the existing
Graincorp Silos and rail siding are proposed to remain operational at the existing ground
levels. Therefore, it has been proposed to use a combination of raising the Yelarbon Levee
and cross drainage through the proposed rail embankment. This would also result in
additional works to the Cunningham Highway to tie in with the proposed levee raise.

The above flooding behaviour and impacts predicted by the Macintyre Brook model is not
consistent with the Macintyre River model. Based on the Macintyre River TUFLOW model results
Macintyre Brook does not breakout into Brigalow Creek or Kippenbung Creek even for a 1% AEP
flood event under both Existing Conditions and Developed Conditions. In addition, the Yelarbon
township area and the Yelarbon Levee are not impacted by flooding according to Macintyre
River TUFLOW model results.

Available DEM and local landholder accounts indicate that there are interactions between
Macintyre Brook and Kippenbung Creek as well as Brigalow Creek near Yelarbon, as well as
Macintyre River and Brigalow Creek upstream of Goondiwindi, during large flood events. Some
of these interactions are apparent in the results presented in the EIS for the Macintyre Brook -
Yelarbon to Inglewood reach. However, these interactions are not accounted for in the
Macintyre River modelling near Yelarbon. This, together with other differences between the two
TUFLOW models, have produced inconsistent results between the Macintyre River and Macintyre
Brook TUFLOW models near Yelarbon.

Figure 6-3 shows a comparison of Macintyre River flood model and Macintyre Brook - Yelarbon to
Inglewood predicted peak flood extents, levels and depths in the TUFLOW model overlap area
for the 1% AEP event (sourced from EIS Appendix Q2 Figures J2-E and M3-E). According to the
Macintyre River model the 1% AEP peak flood levels in the overlapping area near Yelarbon are
about 1 m lower than those predicted by the Macintyre Brook - Yelarbon to Inglewood model.
The flow velocities, inundation durations, flow distributions, etc are also likely to be different
between the two models. This suggests that at least some of the hydraulic structures (culverts,
bridges, levees, etc.) in the B2G Reference Design may have been designed for incorrect design
discharges and without adequately taking into account the interactions between Macintyre
River, Dumaresq River and Macintyre Brook (e.g., backwater influences in smaller waterways
from larger downstream waterways).

The above inconsistencies between the overlapping flood modelling results, which cast doubt on
the accuracy of the predicted flood behaviour and flood impacts near Yelarbon, are likely due
to a number of reasons including inconsistent model configuration and construction, and
inconsistent model calibration and validation.
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Figure 6-3 - Comparison of Macintyre River and Macintyre Brook - Yelarbon to Inglewood flood
model predicted peak flood extents, levels and depths near Yelarbon for the 1% AEP event.
(from EIS Appendix Q2 Figures J2-E and M3-E2)
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6.3.7 Summary

Based on independent reviews undertaken by the IIPE and WRM, there are a number of
significant technical shortcomings in the adopted URBS and TUFLOW models for the B2G
Macintyre Brook - Yelarbon to Inglewood section Reference Design. These shortcomings are in
all aspects of the flood modelling undertaken including hydrologic and hydraulic modelling
approaches, model configurations, model calibrations, flood frequency analyses and design
event analyses.

Therefore, in my opinion, the models used by FFJV are technically flawed and are not consistent
with current industry and best practice. The adopted model configurations are not sufficiently
accurate to assess the existing and proposed flooding behaviour along Macintyre Brook for the
full range of design flood events up to the PMF. These shortcomings would have potentially
significant impacts on the accuracy and robustness of the flood modelling that has been
undertaken for the B2G Reference Design.
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7 Macintyre Brook at Cremascos Road
models

7.1 OVERVIEW

An unnamed tributary of Macintyre Brook crosses the B2G alignment near Cremascos Road. The
hydrologic modelling undertaken for this unnamed tributary covers its entire catchment up to
its confluence with Macintyre Brook (a catchment area of approximately 57 km?). The hydraulic
modelling undertaken for this unnamed tributary covers the floodplain of this tributary between
immediately upstream and downstream of the B2G alignment (i.e., near B2G chainage 53.0 km).
The hydraulic model extent is entirely within the GRC LGA. Figure 3-2 and Figure 3-3 show the
extents of the Macintyre Brook at Cremascos Road hydrologic (URBS) and hydraulic (TUFLOW)
models.

The Macintyre Brook at Cremascos Road hydraulic model overlaps with the Macintyre Brook -
Yelarbon to Inglewood hydraulic model between B2G Chainages 52.15 km and 53.15 km. Figure
3-2 and Figure 3-3 show the locations and extents of these overlaps.

Access to the flood models used for the B2G Macintyre Brook at Cremascos Road B2G section
Reference Design was not available for this review. Further, the EIS does not provide sufficient
information to undertake a detailed review of the adopted methodology, including data and
assumptions used for hydrologic and hydraulic modelling. My review has been assisted by the
additional information gleaned from IIPE (2021).

Flood modelling has been undertaken for 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP, | in 2,000
AEP and 1 in 10,000 AEP design flood events and the Probable Maximum Flood (PMF) event.
Based on model results for these flood events, the following flood mapping has been presented:

e Existing Conditions peak flood levels and depths (for all design events modelled);
o Developed Conditions peak flood level affluxes (for all design events modelled);
e Existing Condition peak flood velocities (for 1% AEP only);

In addition, mapping has been provided for changes in velocity and time of inundation, as well
as climate change and culvert blockage sensitivity analyses for the 1% AEP design event only.

IIPE (2021) has undertaken a detailed review of the Macintyre Brook at Cremascos Road flood
modelling and has identified and described a number of shortcomings in the models and
modelling undertaken, as well as reporting for the EIS (see Section 7.2). Only issues and
concerns that have not been raised in IIPE (2021) and/or those that require further discussion or
emphasis by WRM are discussed in Section 7.3.

7.2 1IPE (2021) REVIEW

7.2.1 General

IIPE (2021) has had access to the flood models used for the Macintyre Brook at Cremascos Road
B2G section Reference Design, in addition to documentation provided in the draft EIS. IIPE have
also had discussions with the FFJV modelling team as part of their review.

IIPE (2021) has found that the Macintyre Brook at Cremascos Road flood modelling has generally
been undertaken in accordance with current industry and best practice. However, IIPE (2021)
has expressed concerns about the application of the adopted methodology, and specifically
about:

e the sizing of drainage structures;

¢ the assessment of flood impacts;
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¢ the level of detail provided in the Hydrology and Flooding Technical Report (EIS Appendix
Q1 and Q2) to justify assumptions made in flood modelling; and

e the lack of detail provided in the Hydrology and Flooding Technical Report to justify its
conclusions.

IIOE (2021) has found some technical shortcomings in the modelling undertaken. These technical
shortcomings generally cover aspects of model configuration, catchment delineation, model
validation, design discharge estimation and sensitivity analyses. IIPE (2021) has also found that
insufficient detail is provided in relation to the hydrologic model parameters adopted for the
investigation. A detailed discussion on these shortcomings can be found in Appendix C of IIPE
(2021).

IIPE (2021) has found that the flood modelling and the EIS should investigate and report on flood
events more frequent than the smallest (20% AEP) modelled event to accurately demonstrate
that the proposed B2G section Reference Design will not adversely impact on flow patterns and
flow distributions during minor and more frequent flood events.

7.2.2 Summary of findings

IIPE (2021) found that, although the Macintyre Brook at Cremascos Road flood models have been
generally developed and applied in accordance with relevant guidelines and manuals, there
were a number of issues in relation to the development and application of these models that
could affect the accuracy of model results and the predicted flood impact of the B2G section.
IIPE (2021) has summarised in Appendix C (Table 9) the issues IIPE have identified where
additional work is required to address the concerns they have with the Macintyre Brook at
Cremascos Road flood modelling and reporting.

IIPE (2021) has indicated that the B2G Reference Design near Cremascos Road would meet
current industry standards and best practice, and potentially be fit for purpose for the EIS
process and to inform the Reference Design and the mitigation of impacts, only after the
provision of additional documentation they have requested and the satisfactory resolution of
the issues they have identified in Appendix C, Table 9.

IIPE (2021) has requested additional information and sought clarifications on several aspects of
the flood modelling. Some of the comments made in Appendix C (Table 9) of the report with
regards to FFJV’s flood modelling include:

e Further information and/or correction is required on several model parameters.
e Additional sensitivity assessment is required in relation to several model inputs.

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

e A more quantitative approach to changes in velocity and duration of inundation would be
of benefit for the interpretation of results.

[IPE (2021) has Identified 15 issues with regards to modelling shortcomings that they have
requested additional work to be undertaken prior to EIS approval. They have classified these
issues into four levels of importance as defined in Table 4-1. Based on these classifications, of
these 37 identified issues:

e 4 were classified as ‘Low’ importance;
e 7 were classified as ‘Medium’ importance; and
e 4 were classified as ‘High’ importance.

The ‘High’ importance classification has been attached to some of the matters dealing with
shortcomings in model parameters and TUFLOW model configuration (e.g., downstream
boundary location, representation of hydraulic controls). The ‘Medium’ importance
classification has been attached to matters such as non-justification of adopted model
parameters and reporting of flood impacts.
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7.3 WRM REVIEW FINDINGS

7.3.1 General

Based on information provided in Appendix Q1 and Q2 of the draft EIS and IIPE (2021), the URBS
model has been used for hydrologic modelling and the TUFLOW model has been used for
hydraulic modelling. The adopted models are appropriate for flood modelling undertaken for
the proposed B2G project. However, there are significant shortcomings in the application of
these models for the Existing Conditions and Developed Conditions (B2G Reference Design) flood
modelling.

7.3.2 Hydrologic modelling

The URBS model has been developed to provide inflows to the TUFLOW model. The URBS model
has been run in the ‘Basic’ modelling mode with default model routing parameters (alpha=1.2,
beta=0.0 and m=0.8) and loss parameters (IL=15 mm and CL= 1mm/hr), which are apparently
consistent with the Inglewood Flood Study (Engeny, 2015). The same loss rates have been
adopted for all modelled design flood events.

7.3.3 Hydraulic modelling

A (5 m grid) TUFLOW model has been used for the Macintyre Brook at Cremascos Road B2G
section Reference Design. The underlying topographic data for this model has been sourced
from 2015 LiDAR data as 1 metre grid DEM files provided by ARTC. Other data sets from
Geoscience Australia (2009 and 2015 LiDAR) have been used to supplement the ARTC data, as
necessary. The extent of this model is shown in Figure 3-3.

IIPE (2021) (in Appendix C) has identified and reported on several issues with respect to the
underlying topographic representation, boundary conditions, model input parameters, culvert
and bridge representations, etc.

With respect to hydraulic structures, under Existing Conditions, there are no bridges or culverts
in the modelled area. According to the B2G Reference Design, it appears that one new bridge
across this unnamed waterway near Cremascos Road has been incorporated along the B2G rail
line between Chainages 52.15 km and 53.15 km. However, this bridge has been modelled as an
opening in the rail embankment rather than a TUFLOW layered constriction with appropriate
form losses and blockage factors as required under best practice. No justification is provided in
the EIS on why the bridge was modelled just as an opening along the rail embankment.

DTMR (2019) guidelines require any bridges that are relevant for the hydraulic assessment must
be modelled in the hydraulic model as 2d structures if the bridge spans three or more grid cells
and must have their head loss estimates validated using an alternate independent method. It
does not appear that FFJV have undertaken any such independent validation to review their
hydraulic model results at the bridge crossing.

An HQ boundary condition with normal slope has been applied at the downstream boundary of
this model, which has been placed only 250 m downstream of the B2G rail alignment. In my
opinion, this is flawed because the adoption of such a boundary condition independent of any
interaction with the Macintyre Brook flows would produce erroneous results near the
downstream end of the model including near Cremascos Road and at the B2G rail alignment (see
Section 7.2.6). Further, the downstream boundary does not appear to be far enough
downstream from the rail alignment and, in my opinion, should be extended up to the
confluence of the tributary with Macintyre Brook.

7.3.4 Model calibration and validation

The Macintyre Brook at Cremascos Road hydrologic and hydraulic models have not been
calibrated because of the unavailability of historical flood data for this catchment. In the
absence of calibration data, FFJV have undertaken Regional Flood Frequency Estimations (RFFE)
and DTMR’s Quantile Regression Technique (QRT) discharge estimations to validate (reconcile)
their hydrologic model results. This approach is appropriate and current best practice.
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The model validation undertaken against the RFFE and QRT results is quite poor. The EIS
(Section 18.2.3) states that the URBS model validation may be improved by adjusting the losses
for each AEP. However, this has not been done.

A good validation has been achieved for the 1% AEP flood event and it appears that the model
validation has focused only on the 1% AEP flood event. A comparison of the adopted URBS
discharges with RFFE and QRT results shows that the URBS discharges for the more frequent
events are significantly higher than the RFFE and QRT estimates. For example, for the 20% AEP
event, the URBS model estimates are about 130% higher than the RFFE and QRT estimates, and
for the 10% AEP event, the URBS model estimates are about 80% higher than the RFFE and QRT
estimates. Overall, it appears that the URBS model is overestimating design discharges for the
more frequent flood events and underestimating design discharges for the extreme flood
events. B2G Reference Design requires accurate and best practice modelling for the full range
of flood event, not just the 1% AEP event.

The Macintyre Brook at Cremascos Road URBS model area is contained within the Macintyre
Brook - Yelarbon to Inglewood URBS model. Therefore, the results of these two models at
Cremascos Road should be consistent with each other. No evidence is provided in the EIS to
demonstrate that consistency in results between the two models has been checked and
achieved.

In summary, there is a lack of supporting information and justification provided for the adopted
design discharges where the flood model results do not agree well with the RFFE and QRT
results. In addition, there a number of technical shortcomings in the reconciliation undertaken
between RFFE and QRT results and URBS model design discharge estimates.

7.3.5 Inconsistent results between the Macintyre Brook - Yelarbon to Inglewood and
Macintyre Brook at Cremascos Road models

The downstream end of the Macintyre Brook at Cremascos Road TUFLOW model overlaps with
the Macintyre River - Yelarbon to Inglewood TUFLOW model. Good modelling practice requires
the topographic data, hydraulic structure data, boundary conditions, etc to be consistent
between these two (regional and local) models. It appears that the interaction between
Macintyre Brook and its unnamed tributary is not appropriately accounted for in the Cremascos
Road TUFLOW model.

When the flooding at Cremascos Road is potentially affected by the unnamed tributary flow as
well as Macintyre Brook flows, analysing the unnamed (local) tributary flood behaviour
independent of the interaction (i.e., tailwater level, backwater impacts) with the (regional)
Macintyre Brook flooding behaviour is likely to lead to underestimation of the peak flood levels,
potential flood impacts, etc. Because of this shortcoming in the Macintyre Brook at Cremascos
Road modelling, the results between the local and regional models, especially near Cremascos
Road, are quite inconsistent. This indicates that the modelling used for the Reference Design
near Cremascos Road is likely to be inaccurate, unreliable and not sufficiently robust.

Figure 7-2 shows a comparison of Macintyre Brook at Cremascos Road TUFLOW model and
Macintyre Brook - Yelarbon to Inglewood TUFLOW model predicted peak flood extents, levels
and depths in the TUFLOW model overlap area for the 1% AEP event (sourced from EIS Appendix
Q2 Figures J2-E and L2-E). According to the Macintyre Brook - Yelarbon to Inglewood TUFLOW
model results, the 1% AEP peak flood levels in the overlapping area near Cremascos Road are
about 3 m higher than those predicted by the Macintyre Brook at Cremascos Road TUFLOW
model. The flow velocities, inundation durations, flow distributions, etc are also likely to be
different between the two models. This suggests that at the hydraulic structures (bridge) in the
Reference Design across the unnamed tributary of Macintyre Brook near Cremascos Road may
have been designed for incorrect design discharges and without adequately taking into account
the interactions between Macintyre Brook and its unnamed tributary at Cremascos Road (e.g.,
backwater influences in the unnamed tributary from the larger downstream Macintyre Brook).

The above inconsistencies between the overlapping flood modelling results, which cast doubt on
the accuracy of the predicted flood behaviour, are likely due to a number of reasons including

I ' water.com.au 1283-02-E | 29 April 2021 | Page 36 | ENENEGTzNGEGE



inconsistent model configuration and construction, and inconsistent model calibration and
validation.
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Table 183 Estimate of flows at the outlet of Cremascos Road model
AEP (%) RFFE - lower bound = RFFE — RFFE — upper bound DTMR guantile URBS
50% confidence estimate of  90% confidence level regression maodel flows
level (ms) flow (mds) {m#s) technique (m%s)"  (m¥s)
20 18 45 108 47 1048
10 20 T4 182 TY 130
5 | 113 324 122 171
2 iz 181 i 188 218
1 G5 248 B4 249 242
1in 2,000 - - = - 408
1in 10,000 - - - - 1.118
PMF - - - - 4,793
Table note:

1 The QRT method estimates the 38.3%, 13.1%, B.5% and 4.8% AEF instead of 50%. 20% and 107%: and 5% respectively

Figure 7-1 - Comparison of FFJV’s URBS model predicted Design Discharges at Cremascos Road
with equivalent RFFE and QRT Estimates
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Figure 7-2 - Comparison of Macintyre Brook at Cremascos Road and Macintyre Brook - Yelarbon
to Inglewood flood model predicted peak flood extents, levels and depths near Cremascos Road

for the 1% AEP event. (from EIS Appendix Q2 Figures J2-E and L2-E)
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7.3.6 Summary

Based on independent reviews undertaken by the IIPE and WRM, there are a number of
significant technical shortcomings in the URBS and TUFLOW models used for the B2G Macintyre
Brook at Cremascos Road section Reference Design. These shortcomings are in several aspects of
the flood modelling undertaken including hydrologic and hydraulic modelling approach, model
configurations, model validations and design event analyses.

Therefore, in my opinion, the flood models used by FFJV are technically flawed and are not
consistent with current industry and best practice. The adopted model configurations are not
sufficiently accurate to assess the existing and proposed flooding behaviour along Macintyre
Brook and its unnamed tributary near Cremascos Road for the full range of design flood events
up to the PMF. These shortcomings may have potentially significant impacts on the accuracy and
robustness of the flood modelling that has been undertaken for the B2G Reference Design near
Cremascos Road.
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8 Macintyre Brook at Bybera Road
models

8.1 OVERVIEW

An unnamed tributary of Macintyre Brook crosses the B2G alignment near Bybera Road. The
hydrologic modelling undertaken for this unnamed tributary covers its entire catchment up to
its confluence with Macintyre Brook (a catchment area of approximately 62 km?). The hydraulic
modelling undertaken for this unnamed tributary covers the floodplain of this tributary between
immediately upstream and downstream of the B2G alignment (i.e., near B2G chainage 55.0 km).
The hydraulic model extent is entirely within the GRC LGA. Figure 3-2 and Figure 3-3 show the
extents of the Macintyre Brook at Bybera Road hydrologic (URBS) and hydraulic (TUFLOW)
models.

The Macintyre Brook at Bybera Road hydraulic model overlaps with the Macintyre Brook -
Yelarbon to Inglewood hydraulic model between B2G Chainages 54.50 km and 56.40 km. Figure
3-2 and Figure 3-3 show the locations and extents of these overlaps.

Access to the flood models used for the B2G Macintyre Brook at Bybera Road B2G section
Reference Design was not available for this review. Further, the EIS does not provide sufficient
information to undertake a detailed review of the adopted methodology, including data and
assumptions used for hydrologic and hydraulic modelling. My review has been assisted by the
additional information gleaned from IIPE (2021).

Flood modelling has been undertaken for 20% AEP, 10% AEP, 5% AEP, 2% AEP, 1% AEP, | in 2,000
AEP and 1 in 10,000 AEP design flood events and the Probable Maximum Flood (PMF) event.
Based on model results for these flood events, the following flood mapping has been presented:

e Existing Conditions peak flood levels and depths (for all design events modelled);
e Developed Conditions peak flood level affluxes (for all design events modelled);
e Existing Condition peak flood velocities (1for % AEP only);

In addition, mapping has been provided for changes in velocity and time of inundation, as well
as climate change and culvert blockage sensitivity analyses for the 1% AEP design event only.

IIPE (2021) has undertaken a detailed review of the Macintyre Brook at Bybera Road flood
modelling and has identified and described a number of shortcomings in the models and
modelling undertaken, as well as reporting for the EIS (see Section 8.2). Only issues and
concerns that have not been raised in IIPE (2021) and/or those that require further discussion or
emphasis by WRM are discussed in Section 8.3.

8.2 1IPE (2021) REVIEW

8.2.1 General

IIPE (2021) has had access to the flood models used for the B2G Macintyre Brook at Cremascos
Road B2G section Reference Design, in addition to documentation provided in the draft EIS. IIPE
have also had discussions with the FFJV modelling team as part of their review.

IIPE (2021) has found that the Macintyre Brook at Bybera Road flood modelling has generally
been undertaken in accordance with current industry and best practice. However, IIPE (2021)
has expressed concerns about the application of the adopted methodology, and specifically
about:

¢ the sizing of drainage structures;

¢ the assessment of flood impacts;
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¢ the level of detail provided in the Hydrology and Flooding Technical Report (EIS Appendix
Q1 and Q2) to justify assumptions made in flood modelling; and

e the lack of detail provided in the Hydrology and Flooding Technical Report to justify its
conclusions.

IIOE (2021) has identified several technical shortcomings in the modelling undertaken. These
technical shortcomings generally cover aspects of model configuration, catchment delineation,
model validation, design discharge estimation and sensitivity analyses. IIPE (2021) also found
that insufficient detail is provided in relation to the hydrologic model parameters adopted for
the investigation. A detailed discussion on these shortcomings can be found in Appendix D of
[IPE (2021).

IIPE (2021) has found that the flood modelling and the EIS should investigate and report on flood
events more frequent than the smallest (20% AEP) modelled event in order to accurately
demonstrate that the proposed B2G section Reference Design will not adversely impact on flow
patterns and flow distributions during minor and more frequent flood events.

8.2.2 Summary of findings

IIPE (2021) found that, although the Macintyre Brook at Bybera Road flood models were
generally developed and applied in accordance with relevant guidelines and manuals, there
were a number of issues in relation to the development and application of these models that
could affect the accuracy of model results and the predicted flood impact of the B2G section.
IIPE (2021) has summarised in Appendix D (Table 9) the issues they have identified where
additional work is required to address the concerns they have with the Macintyre Brook at
Bybera Road flood modelling and reporting.

IIPE (2021) has indicated that the B2G Reference Design near Bybera Road would meet current
industry standards and best practice, and potentially be fit for purpose for the EIS process and
to inform the Reference Design and the mitigation of impacts, only after the provision of
additional documentation they have requested and the satisfactory resolution of the issues they
have identified in Appendix D, Table 9.

[IPE (2021) has requested additional information and sought clarifications on several aspects of
the flood modelling. Some of the comments made in Appendix D (Table 9) of the report with
regards to FFJV’s flood modelling include:

e Further information and/or correction is required on several model parameters.
o Additional sensitivity assessment is required in relation to several model inputs.

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

e Clarification and further information are required for some of the flood impacts.

e A more quantitative approach to changes in velocity and duration of inundation would be
of benefit for the interpretation of results.

IIPE (2021) has Identified 15 issues with regards to modelling shortcomings that they have
requested additional work to be undertaken prior to EIS approval. They have classified these
issues into four levels of importance as defined in Table 4-1. Based on these classifications, of
these 37 identified issues:

e 5 were classified as ‘Low’ importance;
e 7 were classified as ‘Medium’ importance; and
o 3 were classified as ‘High’ importance.

The ‘High’ importance classification has been attached to some of the matters dealing with
shortcomings in model parameters and TUFLOW model configuration (e.g., downstream
boundary location, representation of hydraulic controls). The ‘Medium’ importance
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classification has been attached to matters such as non-justification of adopted model
parameters and reporting of flood impacts.

8.3 WRM REVIEW FINDINGS

8.3.1 General

Based on information provided in Appendix Q1 and Q2 of the draft EIS and IIPE (2021), the URBS
model has been used for hydrologic modelling and the TUFLOW model has been used for
hydraulic modelling. The adopted models are appropriate for flood modelling undertaken for
the proposed B2G project. However, there are significant shortcomings in the application of
these models for the Existing Conditions and Developed Conditions (B2G Reference Design) flood
modelling.

8.3.2 Hydrologic modelling

The URBS model has been developed to provide inflows to the TUFLOW model. The URBS model
has been run in the ‘Basic’ modelling mode with default model routing parameters (alpha=1.2,
beta=0.0 and m=0.8) and loss parameters (IL=15 mm and CL= 1mm/hr), which are apparently
consistent with the Inglewood Flood Study (Engeny, 2015). The same loss rates have been
adopted for all modelled design flood events.

8.3.3 Hydraulic modelling

A (5 m grid) TUFLOW model has been used for the Macintyre Brook at Bybera Road B2G section
Reference Design. The underlying topographic data for this model has been sourced from 2015
LiDAR data as 1 metre grid DEM files provided by ARTC. Other data sets from Geoscience
Australia (2009 and 2015 LiDAR) have been used to supplement the ARTC data, as necessary.
The extent of this model is shown in Figure 3-3.

IIPE (2021) (in Appendix D) has identified and reported on several issues with respect the
underlying topographic representation, boundary conditions, model input parameters, culvert
and bridge representations, etc.

With respect to hydraulic structures, under Existing Conditions, there appears to be no existing
bridges or culverts within the TUFLOW model extent. According to IIPE (2021), there is an
existing culvert at B2G Chainage 55.06 km but this culvert has not been included in the Existing
Conditions model. According to the B2G Reference Design, one new bridge (at Chainage 55.55
km) and one new culvert (at Chainage 55.06 km) across this unnamed waterway near Bybera
Road have been incorporated along the B2G rail line. However, this new bridge has been
modelled as an opening in the rail embankment rather than a TUFLOW layered constriction with
appropriate form losses and blockage factors as required under best practice. No justification is
provided in the EIS on why the bridge was modelled just as an opening along the rail
embankment.

DTMR (2019) guidelines require any bridges that are relevant for the hydraulic assessment must
be modelled in the hydraulic model as 2d structures if the bridge spans three or more grid cells
and must have their head loss estimates validated using an alternate independent method. It
does not appear that FFJV have undertaken any such independent validation to review their
hydraulic model results at the above bridge crossing.

An HQ boundary condition with normal slope (0.005) has been applied to the downstream
boundary of this model, which has been placed only 400 m downstream of the B2G rail
alignment. In my opinion, this is flawed because the adoption of such a boundary condition
independent of any interaction with the Macintyre Brook flows would produce erroneous results
near the downstream end of the model including near Bybera Road and at the B2G rail
alignment (see Section 7.2.6). Further, the downstream boundary does not appear to be far
enough downstream from the rail alignment (especially when the reported topography in the
area is quite flat) and, in my opinion, should be extended up to the confluence of the tributary
with Macintyre Brook.
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8.3.4 Model calibration and validation

The Macintyre Brook at Bybera Road hydrologic and hydraulic models have not been calibrated
because of the unavailability of historical flood data for this catchment. In the absence of
calibration data, FFJV have undertaken Regional Flood Frequency Estimations (RFFE) and
DTMR’s Quantile Regression Technique (QRT) discharge estimations to validate (reconcile) their
hydrologic model results. This approach is appropriate and current best practice.

The model validation undertaken against the RFFE and QRT results is quite poor. The EIS
(Section 17.2.3) states that the URBS model validation may be improved by adjusting the losses
for each AEP. However, this has not been done.

A reasonable validation has been achieved only for the 2% AEP and 1% AEP flood events. A
comparison of the adopted URBS discharges with RFFE and QRT results shows that the URBS
discharges for the more frequent events are significantly higher than the RFFE and QRT
estimates. For example, for the 20% AEP event, the URBS model estimates are about 110%
higher than the RFFE and QRT estimates, and for the 10% AEP event, the URBS model estimates
are about 65% higher than the RFFE and QRT estimates. Overall, it appears that the URBS model
is overestimating design discharges for the more frequent flood event and underestimating
design discharges for the extreme flood events. B2G Reference Design requires accurate and
best practice modelling for the full range of flood event, not just the 2% AEP and 1% AEP events.

The Macintyre Brook at Bybera Road URBS model area is contained within the Macintyre Brook -
Yelarbon to Inglewood URBS model. Therefore, the results of these two models near Bybera
Road should be consistent with each other. No evidence is provided in the report to
demonstrate that the consistency in results between the two models has been checked and
achieved.

In summary, there is a lack of supporting information and justification provided for the adopted
design discharges where the flood model results do not agree well with the RFFE and QRT
results. In addition, there a number of technical shortcomings in the reconciliation undertaken
between RFFE and QRT results and URBS model design discharge estimates.

8.3.5 Inconsistent results between the Macintyre Brook - Yelarbon to Inglewood and
Macintyre Brook at Bybera Road models

The downstream end of the Macintyre Brook at Bybera Road TUFLOW model overlaps with the
Macintyre River - Yelarbon to Inglewood TUFLOW model. Good modelling practice requires the
topographic data, hydraulic structure data, boundary conditions, etc to be consistent between
these two (regional and local) models. It appears that the interaction between Macintyre Brook
and its unnamed tributary is not appropriately accounted for in the Bybera Road TUFLOW
model.

When the flooding at Bybera Road is affected by the unnamed tributary flow as well as
Macintyre Brook flows, analysing the unnamed tributary (local) flood behaviour independent of
the interaction (i.e., tailwater level, backwater impacts) with the Macintyre Brook (regional)
flooding behaviour is likely to lead to underestimation of the peak flood levels, predicted flood
impacts, etc. Because of this shortcoming in the Macintyre Brook at Bybera Road modelling, the
results between the local and regional models, especially near Bybera Road, are quite
inconsistent. This indicates that the modelling used for the Reference Design near Bybera Road
is likely to be inaccurate, unreliable and not sufficiently robust.

Figure 8-2 shows a comparison of Macintyre Brook at Bybera Road TUFLOW model and Macintyre
Brook - Yelarbon to Inglewood TUFLOW model predicted peak flood extents, levels and depths
in the TUFLOW model overlap area for the 1% AEP event (sourced from EIS Appendix Q2 Figures
J2-E and L2-E). According to the Macintyre Brook - Yelarbon to Inglewood TUFLOW model the 1%
AEP peak flood levels in the overlapping area near Bybera Road are about 1 m higher than those
predicted by the Macintyre Brook at Bybera Road TUFLOW model. The flow velocities,
inundation durations, flow distributions, etc are also likely to be different between the two
models. This suggests that the hydraulic structure (bridge) in the Reference Design across the
unnamed tributary of Macintyre Brook near Bybera Road may have been designed for incorrect
design discharges and without adequately taking into account the interactions between
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Macintyre Brook and its unnamed tributary at Bybera Road (e.g., backwater influences in the

unnamed tributary from larger downstream Macintyre Brook).

The above inconsistencies between the overlapping flood modelling results, which cast doubt on
the accuracy of the predicted flood behaviour, are likely due to a number of reasons including
inconsistent model configuration and construction, and also inconsistent model calibration and

validation.
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Figure B9 Estimate of flows at the cutlet of Bybera Road model
Table 17.3 Estimate of flows at the outlet of Bybera Road model
AEP %) RFFE - lower RFFE - RFFE — upper DTMR quantile URBS model
bound 90% estimate of flow  bound 90% regression flows (mds)
confidence (m?s) confidence technigue
level (m®'s) level (mi's) (mits)
20 | 51 122 48 107
10 2 24 218 81 138
5 44 127 385 128 188
2 &1 204 GBS 185 212
1 T4 281 1,080 2587 236
1in 2,000 - - - - 308
1in 10,000 - - - - 1,010
PMF - - - - 4,483
Table note:

1 The GRT method estimates the 30.3%, 13.1%, 0.5% and 4.9% AEP instead of 50%. 20% and 107 and 5% respectively

Figure 8-1 - Comparison of FFJV’s URBS model predicted Design Discharges at Bybera Road with

equivalent RFFE and QRT estimates
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Figure 8-2 - Comparison of Macintyre Brook at Bybera Road and Macintyre Brook - Yelarbon to
Inglewood flood model predicted peak flood extents, levels and depths near Bybera Road for the
1% AEP event. (from EIS Appendix Q2 Figures K2-E and L2-E)
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8.3.6 Summary

Based on independent reviews undertaken by the IIPE and WRM, there are a number of technical
shortcomings in the URBS and TUFLOW models used for the B2G Macintyre Brook at Bybera Road
section Reference Design. These shortcomings are in several aspects of the flood modelling
undertaken including hydrologic and hydraulic modelling approach, model configurations, model
validations design event analyses

Therefore, in my opinion, the flood models used by FFJV are technically flawed and are not
consistent with current industry and best practice. The adopted model configurations are not
sufficiently accurate to assess the existing and proposed flooding behaviour along Macintyre
Brook and its unnamed tributary near Bybera Road for the full range of design flood events up to
the PMF. These shortcomings may have potentially significant impacts on the accuracy and
robustness of the flood modelling that has been undertaken for the B2G Reference Design near
Cremascos Road.
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9 Flood impact assessment

9.1 ADOPTED FLOOD IMPACT OBJECTIVES

Six flood impact objectives (FIOs) have been adopted by ARTC/FFJV for the B2G Reference
Design as outlined in Section 2.3. These FIOs relate to:

e Changes in peak water levels;

e Changes in durations of inundation;

e Changes in flood flow distributions;

e Changes in flow velocities;

e Extreme event risk management; and
e Sensitivity testing.

IIPE (2021) has noted that the above FIOs have only been used to guide the project Reference
Design and they have not been used as absolute design criteria. IIPE (2021) has also noted that:

¢ The targets for change in peak flood levels adopted in the FIO appears to be reasonable
and appropriate.

e The FIOs do not nominate acceptable durations of inundation or a quantitative limit with
respect to changes in the duration of inundation.

e Those areas plotted as “Was Dry Now Wet” on the Developed Conditions afflux maps
should be considered under a FIO. These mapped areas, combined with the “Was Wet Now
Dry” areas also give an indication of changed flood flow distribution.

e 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 flows associated with more
frequent flood events as these will be of relevance to local landholders. Farm drain
connectivity is a significant issue for agricultural landowners. No specific FIO 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 (‘black soils’) 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 could be
considered for this purpose. Further, given the known erodibility of the ‘black soils’
present within the B2G section, more soil specific limits could be considered.

e While the FIO limits are expressed in terms of flood level and afflux, no specific
constraints on the increase in flood hazard (incorporating the combination of depth and
velocity) has been specified. Providing quantitative limits on hazard increases is seen as
advantageous over a simple increase in depth (or level or afflux) constraint.

¢ No Sensitivity testing has been undertaken for bridge waterway blockages.

IIPE (2021) has recommended that the FIOs be amended to consider the additional guidance
with respect to impact at roads, duration of flood inundation, velocity, flood hazard and
extreme events.

| agree with the IIPE’s above assessment and the recommended enhancements to the adopted
FIOs.
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9.2 CHANGES IN PEAK FLOOD LEVELS

In the geographical area of interest to this review, cross drainage structures (e.g., bridges and
culverts) have been generally used to mitigate increases in peak flood levels except near
Yelarbon, where an alternative approach has been adopted (raise the existing Yelarbon Levee)
due to apparent design constraints.

Changes in peak flood levels (i.e., flood level impacts) for the proposed B2G Reference Design
are provided along the rail alignment and outside the rail corridor via a series of ‘design afflux’
maps. The scales of these maps are generally too coarse to show the extent and location of
impacts, and grossly inadequate and unsuitable for an individual landholder to identify the
magnitude and extent of flood level impacts at their property. In addition, from the adopted
design afflux colour scheme, it is difficult to determine the locations and depths of flood level
impacts in comparison to the FIOs given in Table 2-2.

It is unclear whether flood mapping produced in the EIS is for a single (critical) duration at a
particular location within the modelled area or an envelope of ‘max-max’ plots based on critical
durations across the modelled area. To accurately assess the flood level impacts, these maps
should be produced as ‘max-max’ plots.

Peak flood level impacts greater than the FIO objectives (see Table 2-2) have been reported in
the EIS in a number of modelled areas:

e Within the Macintyre River model extent (Appendix Q1, Section 19.5.3):

0 It appears that the peak flood level impacts exceed the stipulated FIO limits at a
number of flood sensitive receptors. However, the locations where the peak level
changes exceed the stipulated FIO limits have not been properly identified and
documented in a tabulated form. It appears that readers are expected glean the
number of those impacted locations and the affluxes at those locations from the flood
afflux maps provided in the EIS.

o It appears that three private properties (approximately 7.4 ha) would be impacted to
levels higher than those limits stipulated in the FlOs.

o It is stated that no key roads are expected to experience an increase flood afflux or
flood hazard (velocity x depth product). However, no evidence appears to be provided
to justify this statement.

e Within the Macintyre Brook - Yelarbon to Inglewood model extent (Appendix Q1, Section
16.5.3):

o It appears that the peak flood level impacts exceed the stipulated FIO limits at five
flood sensitive receptors, comprising four houses and one shed. All five buildings are
reported to have impacts greater than the 10 mm objective for the 2% AEP event, but
only the four houses have impacts greater than 10 mm for the 1% AEP event. No reasons
are given in the EIS on why these affluxes were not mitigated or why they could not be
mitigated.

o A number of private properties outside the proposed B2G corridor have been identified
as having peak flood level impacts greater than the stipulated FIO limits.

o Several public roads, including the Cunningham Highway and the existing Queensland
Rail (QR) South-Western Rail Line have been identified as having flood impacts greater
than the stipulated FIO limit.

o0 The depth of Yelarbon Levee overtopping is also predicted to increase.
e Within the Macintyre Brook at Cremascos Road extent (Appendix Q1, Section 18.5.3):
o No flood impacts are predicted on existing infrastructure up the PMF event.

o No buildings or critical infrastructure, as well as state or local public roads, are
predicted to be adversely impacted up to and including the 1% AEP event.
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o0 One private property appears to be impacted to levels higher than those stipulated in
the FIOs.

o Within the Macintyre Brook at Bybera Road extent (Appendix Q1, Section 18.5.3):
o No flood impacts are predicted on existing infrastructure up the PMF event.

o No buildings or critical infrastructure, as well as state or local public roads, are
predicted to be adversely impacted up to and including the 1% AEP event.

o Two private properties appear to be impacted to levels higher than those stipulated in
the FIOs.

IIPE (2021) has found that a number of flood sensitive receptors (houses) with impacts greater
than the FIO stipulated change in peak water levels at Yelarbon have not been identified and
reported in the EIS. IIPE have stated that there appears to be a number of existing habitable
dwellings (that are not marked as flood sensitive receptors) with increases in peak water level
in excess of the 10 mm objective. This should be investigated.

IIPE (2021) has also found that there are several private properties (land parcels) outside of the
proposed B2G rail corridor with increases in peak water level in excess of the stipulated FIOs
but not included as flood sensitive receptors.

As outlined above, the proposed B2G Reference Design appears to result in peak flood level
changes greater than the stipulated FIO limits at several dwellings, private lands, roads and
other infrastructure even after proposed flood mitigation measures. However, the EIS does not
provide any explanation on why the impacts at locations where they exceed the FIOs cannot be
brought within the stipulated FIO limits.

9.3 CHANGES IN DURATION OF INUNDATION

In the geographical area of interest to this review, some changes in flood inundation durations
have been identified in the EIS, including in areas near Yelarbon. The changes in the duration of
inundation in the area of interest to this review have been described as relatively small,
insignificant or negligible.

The adopted FIOs for changes in duration of inundation require the EIS to justify the
acceptability of any changes through an assessment of risk with a focus on land use and flood
sensitive receptors (see Table 2.2). This has not been adequately done.

The FIOs do not provide a quantifiable measure to assess whether the predicted changes in
inundation duration would be acceptable to landholders, state and local government agencies,
etc. For example, some increases in inundation durations are reported along some state-
controlled roads (e.g., Cunningham Highway, Millmerran-Inglewood Road and Yelarbon-Keetah
Road). However, there are no comments on whether these impacts would be acceptable to
DTMR. Similarly, the inundation durations are reported to increase along some of the local
public roads. However, whether or not these increases are acceptable to GRC has not been
reported.

It is not possible to adequately assess the changes in inundation duration on private properties
in the area of interest for flood events other than the 1% AEP event because inundation mapping
is provided in the EIS only for the 1% AEP event. To properly assess the inundation duration
impacts on the full range flood events modelled, adequate results including maps should be
provided for all modelled events as well as a more frequent event such as the 50% AEP flood
event. It is possible that the inundation duration impacts are much greater for frequent flood
events when compared to rare flood events.

9.4 CHANGES IN FLOW DISTRIBUTION

In the geographical area of interest to this review, there is limited discussion in the EIS on
changes to flood flow distributions. In the EIS, the impacts of any changes in flow distribution
have been described as minimal. The impacts of flow distribution changes would vary from
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property to property and with the magnitude of the flood event. These impacts are likely to be
more significant for small to moderate flood events.

The adopted FIOs for changes in flow distributions require the EIS to identify any changes and
justify the acceptability of these changes through an assessment of risk with a focus on land use
and flood sensitive receptors (see Table 2.2). This has not been adequately done.

Only the flood level afflux maps are provided for the full range of modelled flood events. The
flood afflux data together with change in velocity and inundation duration data are required to
properly assess impacts of change in flow distributions.

It is not possible to adequately assess the changes in flow distribution and the impacts of these
changes in the area of interest for flood events other than the 1% AEP event because change in
flow velocity and inundation mapping is provided in the EIS only for the 1% AEP event. To
properly assess the change in flow distribution impacts on the full range flood events modelled,
adequate results including maps should be provided for all modelled event as well as a more
frequent event such as the 50% AEP event. The scales of these maps provided in the EIS are
generally too coarse to show the extent and location of impacts, and grossly inadequate and
unsuitable for an individual landholder to identify the magnitude and extent of flow distribution
impacts at their property.

Based on the flood afflux maps and the change in velocity maps provided in the EIS, the adopted
Reference Design appears to significantly redistribute flows immediately to the north of the
QLD/NWS border, the Yelarbon area and some other locations for flood events greater the 1%
AEP event (see Appendix Q1 Figures 12.27b, 12.27c, 12.27d, 12.27e, 12.27f). Some of this flow
redistribution appears to significantly impact the flows breaking out of the Macintyre Brook and
the Macintyre River into Brigalow Creek and Kippenbung Creek (see Appendix Q1 Figure 12.28c,
Figure 12.28d, Figure 12.28e). It appears that the proposed B2G alignment limits the breakouts
from the Macintyre Brook catchment into the Brigalow Creek and Kippenbung Creek
catchments.

The Cunningham Highway between Yelarbon and Inglewood and some other local public roads
are predicted to be overtopped at several locations under Existing Conditions for several of the
modelled flood events. At some of these overtopping locations the adopted Reference Design
has reduced overtopping depths and other locations increased overtopping depths. Further, it is
reported that these impacts vary for different flood magnitudes. This suggests that the
Reference Design may have impacted the flow distributions at these locations and these flow
distribution impacts may vary between flood events. There is little or no discussion on flow
distribution impacts in the EIS at the above road locations.

9.5 CHANGES IN FLOW VELOCITIES

In the geographical area of interest to this review, there is limited discussion in the EIS on
changes to flood velocities along the waterways and across floodplains. In the EIS, the changes
in flow velocities have been described as generally minimal or negligible. According to Chapter
12 and Appendix Q1:

e The changes in velocities in the Macintyre Brook floodplain are generally minor and
negligible along the Macintyre Brook waterway for the 1% AEP event.

e The changes in velocities in the Macintyre Brook at Cremascos Road TUFLOW model extent
are not significant for the 1% AEP event.

e The peak velocities through the bridges and culverts within the area of interest for the
Developed Conditions 1% AEP flood event are reported to be less than 2.5 m/s. It is not
known whether these velocities are cross-sectionally averaged or localised maximum
velocities.

The adopted FIOs for changes in flow velocities require the EIS to justify the acceptability of
any changes through an assessment of risk with a focus on land use and flood sensitive receptors
(see Table 2.2). This has not been adequately done.

I ' water.com.au 1283-02-E | 29 April 2021 | Page 50 | ENENNENGE



The EIS does not provide an adequate geomorphic assessment of the waterways in the area of
interest or an assessment of the existing erosion potential of the waterways to assist in
assessing the erosion risk of the B2G rail line. Based on reported information, black vertosol
soils (‘black soils’) are prevalent within the within the area of interest. Vertosol soils are
cracking clays that are understood to have a high erosion potential even at relatively low
velocities (in the 0.5 to 1.0 m/s range). For these soil types, which are prone to erosion and
sedimentation, changes in flow velocities are likely to produce significant adverse impacts.

It is not possible to adequately assess the changes in velocity across the area of interest for
flood events other than the 1% AEP event because velocity change mapping is provided in the
EIS only for the 1% AEP event. To properly assess the velocity impacts on the full range flood
events modelled, adequate results including maps should be provided for all modelled events as
well as a more frequent event such as the 50% AEP event. It is possible that the velocity impacts
are much greater for frequent flood events when compared to rare flood events.

The scales of the velocity change maps provided in the EIS are too coarse to show the extent
and location of impacts, and grossly inadequate and unsuitable for an individual landholder to
identify the magnitude and extent of velocity change impacts at their property.

The B2G Reference Design is predicted to increase the depth of overtopping at a number of road
locations including the Cunningham Highway with the magnitude of the increase varying for
different flood events. For example, the depth of overtopping at Cremascos Road is predicted
to increase by between 16 mm (for the 20% AEP event) and 46 mm (for the 1% AEP event), and
Bybera Road the depth of overtopping is predicted to increase by between 77 mm (for the 20%
AEP event) and 160 mm (for the 1% AEP event). These increases could increase the flood hazard
ratings of these roads. Yet, the quantification of flood hazard is not included in the FIOs and
there is no proper discussion in the EIS about flood hazard impacts on state or local government
controlled public roads.

9.6 EXTREME EVENT RISK MANAGEMENT

For the modelled extreme flood events (1 in 2,000 AEP, 1 in 10,000 AEP and PMF) it is predicted
that:

¢ Significant lengths of the proposed rail line would be inundated;

¢ Flood depths and durations of inundation at several state-controlled and local public roads
would be increased;

e Peak water levels at many of the flood sensitive receptors would be increased; and
¢ Significant flow distributions would occur near Yelarbon.

The adopted Hydraulic Design Criteria (HDC) requires the ‘damage resulting from overtopping to
be minimised’. There is no discussion in the EIS on what potential damage is expected from
overtopping during extreme flood events and what measures were considered by ARTC to
minimise any potential damage.

There is also no discussion in the EIS on whether or not the above predicted flood impacts are
acceptable and the risks these identified impacts pose during extreme flood events. In addition,
there is no discussion provided on private lands that are affected by extreme events. Further
details and discussion should be provided in the EIS to assess extreme event risks of the B2G rail
line.

9.7 SENSITIVITY TESTING

The EIS reports on climate change impacts in the year 2090 for Representative Concentration
Pathway (RCP) 8.5 at proposed structures and flood sensitive receptors for only the 1% AEP
event. The 2090 horizon with RCP 8.5 is the most conservative horizon for which ARR data is
available.

The EIS states that the rail line would not be overtopped under the above climate change
scenario. Insufficient information is provided in the EIS to fully consider the risks posed by
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climate change. It is possible that flood events more frequent event than the 1% AEP event may
produce greater impacts due to rainfall intensity increases.

Sensitivity testing for hydraulic structure blockage has been undertaken only for culvert
blockage using blockage factors of 0% and 50%. A 25% blockage factor has been adopted for the
Reference Design, with the 0% blockage (no blockage) and the 50% blockage (doubling the
default blockage) factors considered for the sensitivity testing. This is considered appropriate.

The blockage of bridge waterways could result in significant flood level affluxes upstream of the
B2G rail line and also potential redistribution of flood flows. For the Reference Design, all
bridge waterways across the Macintyre River floodplain B2G section have been modelled
assuming no blockage (0% blockage). This contrasts with the adoption of a 5% blockage factor
for the bridge waterways (to allow for blockage due to bridge piers) across the Condamine River
floodplain B2G section. The reason for this difference is not known. No sensitivity testing has
been undertaken for bridge blockage factors and no justification is provided in the EIS on why
no sensitivity testing on bridge blockage has been undertaken. It is possible that some bridge
waterways could be blocked by debris during flood events and, as a consequence, cause
significant adverse flood impacts. Sensitivity testing of bridge waterway blockage should be
undertaken to understand the potential flood impacts and risks posed by such blockage.

9.8 IMPACT OF MISCELLANEOUS INFRASTRUCTURE

The modelling undertaken for the Reference Design does not include miscellaneous
infrastructure that would be associated with the proposed B2G rail line (fencing, local road
works, property access road upgrades, etc). These will need to be included, and their impacts
assessed and mitigated, in modelling undertaken for the Detail Design.

9.9 IMPACT OF FUTURE ROAD UPGRADES

Sections of some state-controlled roads (e.g. Cunningham Highway and public roads) have low
flood immunity at present. It is likely that some of these roads would be upgraded in the future
to improve their flood immunity. The modelling undertaken for the Reference Design does not
appear to consider the flood impacts of any currently planned or likely future State or GRC
controlled road upgrades within the Macintyre River floodplain. Any planned future road
upgrades in the floodplain will need to be considered and their impacts on the B2G Project and
its FIOs must be assessed in the modelling undertaken for the Detail Design.
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10 Summary of findings

10.1 GENERAL

Chapter 12 and Appendices Q1 and Q2 of the EIS prepared for the B2G section of the Inland Rail
Project have been reviewed to provide an opinion on the adequacy, accuracy and robustness of
the flood modelling undertaken and whether the B2G Reference Design and its potential flood
impacts within the Goondiwindi Regional Council LGA (and particular near Yelarbon and
Goondiwindi) are acceptable. This has been a desktop review and has been limited to the flood
modelling undertaken for the B2G section within the Macintyre River catchment including
Macintyre Brook and two of its tributary catchments.

In my opinion, several aspects of the flood modelling undertaken for the B2G alignment do not
reflect current best practice and are not compliant with current ARR standards and guidelines.
There are question marks on the accuracy, reliability and robustness of the flood modelling
undertaken and modelling results used for the B2G section Reference Design because of the
technical shortcomings in hydrologic and hydraulic modelling, including shortcomings in model
configuration, model input model calibration/validation, flood frequency analyses and design
discharge estimation that have been identified and described in this report. It appears that
shortcomings in the flood modelling undertaken by the FFJV have resulted in unreliable and
inconsistent results.

The cumulative impact of all the individual shortcomings identified in this report could
potentially be significant but is currently unknown. However, it is possible to say that, as a
result of the identified shortcomings, there is considerable uncertainty in the accuracy,
reliability and robustness of the flood modelling and modelling results that have been presented
in the EIS for both Existing Conditions and Developed Conditions. Therefore, there is
considerable uncertainty regarding the predicted flood impacts as well.

10.2 FLOOD MODELLING

Four sets of flood (hydrologic and hydraulic) models have been used within the area of interest
to this review.

e Macintyre River flood models;

e Macintyre Brook - Yelarbon to Inglewood flood models;
e Macintyre Brook at Cremascos Road flood models; and
e Macintyre Brook at Bybera Road flood models.

The URBS model has been used for hydrologic modelling and the TUFLOW model has been used
for hydraulic modelling. The adopted models are appropriate for flood modelling undertaken for
the proposed B2G Project.

To provide a reliable representation of flood behaviour and impacts, the Existing Conditions
flood models must be developed to a sufficient standard for the full range of design flood events
up to the PMF prior to modifying them for the Developed Conditions (i.e., the B2G section
Reference Design). In my opinion, this has not been done because there are too many technical
flaws in the flood modelling undertaken to date and documented in the EIS. Therefore, it is
necessary to address and satisfactorily resolve the issues and concerns identified in this review,
as well as the IIPE (2021) review and update the B2G Reference Design prior to the approval of
the draft EIS.

The smallest flood event modelled is the 20% AEP event. The flood modelling and the EIS should
also investigate and report on flood events more frequent than the 20% AEP event in order to
accurately demonstrate that the proposed B2G section Reference Design will not adversely
impact on flow patterns and flow distributions during minor and more frequent flood events.
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10.3 FLOOD IMPACT OBJECTIVES

The flood impact objectives (FIOs) have to be sufficiently well defined to allow potential
adverse flood impacts to be identified and satisfactorily mitigated. In the EIS, six FIOs have
been adopted by the FFJV for the B2G Reference Design. It appears that these FIOs have only
been used to guide the B2G Reference Design process and they have not been used as absolute
design criteria. The FIOs do not include appropriate quantitative limits on acceptable changes
to flood velocities and durations of inundation as well as acceptable increases in flood hazard
ratings and risks associated with extreme flood event impacts. The FIOs should provide more
guidance with respect to acceptable impact at roads, duration of flood inundation, velocity,
flood hazard and extreme events.

The adopted FIOs for changes in durations of inundation, changes in velocities and changes in
flow distributions require the EIS to adequately identify and justify the acceptability of any
changes through an assessment of risk with a focus on land use and flood sensitive receptors.
This has not been adequately done.

10.4 FLOOD IMPACTS

The proposed B2G Reference Design appears to result in peak flood level changes greater than
the stipulated FIO limits at several buildings, private properties, roads and other infrastructure
even after proposed flood mitigation measures. However, the EIS does not provide any
explanation on why the impacts cannot be lowered to meet the floods stipulated FIO limits.

Predicted changes in peak flood levels (i.e., flood level impacts) for the proposed B2G
Reference Design are shown via a series of ‘design afflux’ maps. The scales of these maps are
generally too coarse to show the extent and location of impacts, and grossly inadequate and
unsuitable for an individual landholder to identify the magnitude and extent of flood level
impacts at their property. In addition, from the adopted design afflux colour scheme, it is
difficult to determine the locations and depths of flood level impacts in comparison to the
stipulated FIOs.

It is not possible to adequately assess the changes in flow velocities, flow distributions and
inundation durations, and the potential impacts of these changes in the area of interest for
flood events other than the 1% AEP event because change in flow velocity and inundation
mapping is provided only for the 1% AEP event. To properly assess the changes in flow
velocities, flow distribution and inundation duration impacts on the full range flood events
modelled, adequate results including maps should be provided for all modelled events as well as
a more frequent event such as the 50% AEP event. The scales of impact maps provided in the EIS
are generally too coarse to show the extent and location of impacts, and grossly inadequate and
unsuitable for an individual landholder to identify the magnitude and extent of flow velocity,
flow distribution and inundation duration impacts at their property.

The B2G Reference Design is predicted to increase the depth of overtopping at a number of road
locations within the GRC LGA including the Cunningham Highway, with the magnitude of the
increase varying for different flood events. The predicted increases could increase the flood
hazard ratings of these roads. Yet, the quantification of flood hazard is not included in the FIOs
and there is little or no discussion in the EIS about flood hazard impacts on state or local
government controlled public roads.

The adopted Hydraulic Design Criteria (HDC) require the ‘damage resulting from overtopping to
be minimised’. There is little or no discussion in the EIS on what potential damage is expected
from overtopping during extreme flood events and what measures are being considered by ARTC
to minimise any potential damage.

There is also no discussion in the EIS on whether or not the predicted flood impacts are
acceptable and the risks these impacts pose during extreme flood events. There is also no
discussion provided on private properties that are affected by extreme events. Further details
and discussion should be provided in the EIS to assess extreme event risks of the B2G rail line.
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The blockage of bridge waterways could result in significant flood level affluxes upstream of the
B2G rail line and also potential redistribution of flood flows. For the Reference Design, all
bridge waterways along the B2G section in the Macintyre River floodplain have been modelled
assuming no blockage. No sensitivity testing has been undertaken for bridge blockage and no
justification is provided in the EIS on why no sensitivity testing on bridge blockage has been
undertaken. Sensitivity testing of bridge waterway blockage should be undertaken to
understand the potential flood impacts and risks posed by such blockage.

10.5 IMPACT OF MISCELLANEOUS INFRASTRUCTURE

The modelling undertaken for the Reference Design does not include miscellaneous
infrastructure that would be associated with the proposed B2G rail line (fencing along the rail
corridor, local road works, property access road upgrades, etc). Further, there is no discussion
in the EIS about the potential additional flood impacts of proposed miscellaneous infrastructure
and how the flood impacts of these infrastructure would be mitigated. These will need to be
included, and their impacts assessed and mitigated, in modelling undertaken for the Detalil
Design.

10.6 IMPACT OF FUTURE ROAD UPGRADES

The modelling undertaken for the Reference Design does not appear to consider any currently
planned or proposed future State or GRC controlled road upgrades within the Macintyre River
floodplain. These will need to be considered and their impacts on the B2G Project FIOs must be
assessed in the modelling undertaken for the Detail Design.

10.7 POTENTIAL IMPACTS NEAR YELARBON

In the Yelarbon area, the peak flood level impacts exceed the FIOs at four houses and one shed
according to the EIS. All five buildings are reported to have impacts greater than the 10 mm
objective for the 2% AEP event, but only the four houses have impacts greater than 10 mm for
the 1% AEP event. No reasons are given in the EIS on why these affluxes were not mitigated or
why they could not be mitigated.

IIPE (2021) has found that a number of houses with impacts greater than the stipulated change
in peak water level FIOs at Yelarbon have not been correctly identified and reported in the EIS.
According to IIPE (2021), there appears to be a number of existing habitable dwellings that are
not marked as flood sensitive receptors with increases in peak water level in excess of the 10
mm objective. This should be further investigated.

IIPE (2021) also found that there are several private properties (land parcels) outside of the
proposed B2G rail corridor with increases in peak water level in excess of the stipulated FIOs
but not included as flood sensitive receptors. This should also be further investigated.

Several public roads, including the Cunningham Highway and the existing Queensland Rail (QR)
South-Western Rail Line have been identified in the EIS as having flood impacts greater than the
stipulated FIO due the proposed B2G rail line.

The Macintyre Brook interacts with Kippenbung Creek as well as Brigalow Creek near Yelarbon
during large flood events. Some of these interactions are apparent in the results presented in
the EIS for the Macintyre Brook - Yelarbon to Inglewood reach. However, these interactions are
not accounted for in the Macintyre River modelling near Yelarbon. This, together with other
differences between the two Macintyre River and Macintyre Brook flood models, have produced
inconsistent results between the Macintyre River and Macintyre Brook TUFLOW models near
Yelarbon.

The downstream end of the Macintyre Brook - Yelarbon to Inglewood TUFLOW model overlaps
with the Macintyre River TUFLOW model. Good modelling practice requires the topographic
data, hydraulic structure data, boundary conditions, etc to be consistent between these two
(regional and local) models. This does not appear to be the case because the results between
these two models, especially near Yelarbon, are quite inconsistent. This indicates that the
modelling undertaken for the Reference Design is inaccurate, unreliable and not sufficiently

I ' water.com.au 1283-02-E | 29 April 2021 | Page 55 | NG



N, . mwater.com.au

robust. The above inconsistencies between the overlapping flood modelling results are likely
due to a number of reasons including inconsistent model configuration and construction, and
also inconsistent model calibration and validation.

Based on the Macintyre Brook - Yelarbon to Inglewood flood modelling results, the Yelarbon
Levee is predicted to overtop for flood events greater than 10% AEP and the depth of Yelarbon
Levee overtopping is predicted to increase due to the proposed B2G rail line.

According to the Macintyre River model the 1% AEP peak flood levels in the overlapping area
near Yelarbon are about 1 m lower than those predicted by the Macintyre Brook - Yelarbon to
Inglewood model. The flow velocities, inundation durations, flow distributions, etc are also
likely to be different between the two models. This suggests that at least some of the hydraulic
structures (culverts, bridges, levees, etc.) in the B2G Reference Design near Yelarbon may have
been designed for incorrect design discharges and without adequately taking into account the
interactions between Macintyre River, Dumaresq River and Macintyre Brook (e.g., backwater
influences in smaller waterways from larger downstream waterways).

The adopted Reference Design appears to significantly redistribute flows immediately to the

north of the QLD/NWS border including the Yelarbon area especially for flood events greater
than the 1% AEP event. It appears that the proposed B2G alignment limits the breakouts from
the Macintyre Brook catchment into the Brigalow Creek and Kippenbung Creek catchments.

The Cunningham Highway between Yelarbon and Inglewood and some other local public roads
are predicted to be overtopped at several locations under Existing Conditions for several of the
modelled flood events. At some of these overtopping locations the proposed Reference Design
has reduced overtopping depths and other locations increased overtopping depths, and these
impacts vary for different flood magnitudes. This suggests that the Reference Design may have
impacted on the flow distributions at these locations and these flow distribution impacts may
vary between flood events. There is little or no discussion in the EIS on flow distribution impacts
near Yelarbon.

10.8 POTENTIAL IMPACTS ON GOONDIWINDI

The flood modelling undertaken to date for the B2G section is not sufficiently accurate or
suitable for reliable flood investigations in the Goondiwindi town area. Therefore, the flood
impacts on Goondiwindi predicted by the FFJV models are not expected to be accurate.
However, based on the provided flood model results, the flood impacts of the B2G section on
the Goondiwindi town are likely to be much less significant than at the B2G alignment and near
Yelarbon.
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11 Recommendations

In my opinion, several aspects of the flood modelling undertaken for the B2G alignment do not
reflect current best practice and are not compliant with current ARR standards and guidelines.
Also the reporting in the EIS is poor, it does not provide adequate discussion, justification and
explanation on the modelling assumptions, modelling results and flood impacts. The following
recommendations are made to address and resolve the significant issues identified in this
report.

To provide an accurate, reliable and robust assessment of the impacts of the proposed rail
alignment, the flood models developed and used for the B2G Reference Design should
accurately simulate existing floodplain conditions for the full range of flood events up to the
PMF prior to these models being modified to represent Developed Conditions and assess flood
impacts. Without accurate Existing Conditions models it would not be possible to accurately
assess whether the potential flood impacts of the B2G section would satisfy the flood impact
objectives. Therefore, to address and satisfactorily resolve the issues and concerns identified in
this review and the IIPE (2021) review, it is recommended that:

e the B2G Reference Design and its flood impact assessment are not accepted until the
technical flaws in the flood modelling for existing floodplain conditions are adequately
addressed; and

¢ the flood modelling for Existing Conditions and the Reference Design be appropriately
updated to a satisfactory standard prior to the approval of the B2G EIS.

To accurately demonstrate that the proposed B2G section Reference Design will not adversely
impact on flow patterns and flow distributions during minor and more frequent flood events, it
is recommended that:

¢ the flood modelling and the EIS should investigate and report on flood events more
frequent than the smallest (20% AEP) modelled event.

The flood impact objectives have to be sufficiently well defined to allow potential adverse flood
impacts to be identified and satisfactorily mitigated. To this end, it is recommended that the
FIOs include quantitative limits on acceptable changes to flood velocities and durations of
inundations specific and appropriate to the GRC LGA as well as acceptable increases in flood
hazard ratings and risks associated with extreme flood event impacts. It is recommended that:

¢ the FIOs provide more guidance with respect to acceptable flood impacts, durations of
flood inundation, flood velocity changes, flood hazard changes and extreme event risks at
public roads; and

e the EIS adequately identify and justify the acceptability of any changes in duration of
inundation, changes in velocities and changes in flow distributions through an assessment
of risk with a focus on land use and flood sensitive receptors as required under the
adopted FIOs.

The EIS does not provide any explanation on why the flood impacts at locations where they
exceed the FIOs cannot be lowered or why they have not attempted to bring impacts within the
stipulated FIO limits. It is recommended that:

e the EIS provides sufficient discussion and justifications why the flood impacts at locations
where they exceed the stipulated FIOs cannot be lowered to meet the stipulated FIO
limits.

It is not possible to adequately assess the changes in flow velocities, flow distributions and
inundation durations, and the potential impacts of these changes for flood events other than
the 1% AEP event because change in flow velocity and inundation mapping is provided only for
the 1% AEP event. To properly assess the flow velocity, flow distribution and inundation
duration impacts for the full range flood events modelled, it is recommended that:
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e adequate results including maps be provided for all modelled events as well as a more
frequent event such as the 50% AEP event.

The scales of flood and flood impact maps provided in the EIS are generally too coarse to show
the extent and location of impacts, and grossly inadequate and unsuitable for an individual
landholder to identify the magnitude and extent of flood level impacts at their property. For
changes in peak flood levels (i.e. flood level impacts), it is also difficult to determine the
locations and depths of flood level impacts in comparison to the stipulated FIOs with the
adopted design afflux colour scheme. It is recommended that:

o the flood impact results are presented in the EIS so that an individual landholder can
accurately identify the magnitude and extent of flood level impacts at their property.

No sensitivity testing has been presented in the EIS for the adopted 0% bridge waterway
blockage assumption and no justification has been provided in the EIS on why no sensitivity
testing on bridge blockage has been undertaken, especially when different blockage
assumptions have been made for the Condamine River floodplain bridges. It is recommended
that:

e sensitivity testing of a bridge waterway blockage factor be undertaken to demonstrate
the potential flood impacts and risks posed by such blockage.

The model configuration for the Reference Design does not include miscellaneous infrastructure
associated with the proposed rail line (fencing along the rail corridor, additional local road
works, property access road upgrades, etc). Further, there is no discussion in the EIS about the
potential additional flood impacts of proposed miscellaneous infrastructure and how the flood
impacts of these infrastructure would be mitigated. It is recommended that:

¢ the EIS documents the proposed miscellaneous infrastructure that could potentially
impact on flood behaviour in the Macintyre River floodplain;

e the EIS provides a discussion on the potential additional flood impacts of these
infrastructure and how such impacts would be mitigated; and

o these miscellaneous infrastructure be included, and their impacts on the B2G Project FIOs
be assessed, in the modelling undertaken for the Detailed Design.

The modelling undertaken for the Reference Design does not appear to consider any currently
planned or proposed future State or GRC controlled road upgrades within the Macintyre River
floodplain. It is recommended that:

e the EIS provides a discussion on any currently planned or proposed road upgrades and
their potential flood impacts on the B2G rail line and adjacent properties, and also how
any additional impacts would be mitigated; and

e these road upgrades be included and their impacts on the B2G Project FIOs be assessed in
the modelling undertaken for the Detail Design.

This report has identified a number of areas in which the EIS does not provide an adequate
discussion, justification and/or explanation on matters of significance with respect to flooding
and flood impacts. It is recommended that:

e the EIS reporting be improved to address the information gaps identified in this report.
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1 Introduction

1.1 BACKGROUND

The Inland Rail Project’s proposed North Star to Queensland Border (NS2B) section
provides a connection between North Star in New South Wales (NSW) and the NSW and
Queensland (QLD) Border. The proposed rail line crosses the Macintyre River and its
floodplain near the NSW/QLD border.

The Future Freight Joint Venture (FFJV) have undertaken flood modelling for the Macintyre
River and its floodplain, on behalf of Australian Rail Track Corporation (ARTC), for the
NS2B section of the Inland Rail Project to support the Reference Design of the proposed
rail line and fulfil requirements of the Environmental Impact Study (EIS) for the NS2B
Project.

FFJV have used hydrologic and hydraulic models to predict the flooding behaviour in the
Macintyre River, its floodplain and the associated waterways. These models have been
configured and used first to predict flooding behaviour under existing (pre-NS2B)
floodplain conditions for a wide range of flood events ranging from the 20% Annual
Exceedance Probability (AEP) event up to the Probable Maximum Flood (PMF) event. The
Existing Conditions models have then been modified to incorporate the proposed rail line
Reference Design (Developed Conditions) before running them for the same range of
design flood events and comparing the Developed Conditions results against the Existing
Conditions results to determine potential impacts of the proposed rail line on peak flood
levels, discharges, flood flow distribution and velocities in the area of interest. The
proposed rail line design has then been refined iteratively until the adopted design
(Reference Design) satisfied the hydraulic design criteria and flood impact objectives set
for the NS2B project (shown in Table 13.4 and Table 13.5 respectively of the NS2B EIS).

Goondiwindi Regional Council (GRC) are concerned about the accuracy, reliability and
robustness of the flood modelling undertaken by FFJV for the Macintyre River and its
floodplain, as well as the potential impact of the NS2B section on flood behaviour in
Goondiwindi. GRC requested WRM Water & Environment Pty Ltd (WRM) to undertake a
review of the flood modelling and associated reports prepared by ARTC and FFJV for the
NS2B EIS and advise Council on the adequacy, accuracy and robustness of the flood
modelling undertaken and modelling results produced for the Reference Design. This
report is in response to that request.

1.2 SCOPE OF ENGAGEMENT

The scope of this engagement has been as follows:

e Undertake a review of the hydrologic and hydraulic modelling undertaken by FFJV
for the NS2B Reference Design and the NS2B EIS. This has included an assessment of
the following:

o0 the adequacy and suitability of the base data and information relied upon for
the modelling;

the appropriateness of the models and model configurations used;

the adequacy and accuracy of the model calibration;

O O O

the accuracy and reliability of the model results; and
o the reliability of the flood modelling findings.
e Prepare a report to GRC presenting the findings of the review.

This report has been prepared on the basis of information and data gathered from:
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e a desktop review of the hydrologic and hydraulic models, modelling files and
modelling results provided to WRM by ARTC and FFJV;

e a review of Chapter 13 (Surface Water and Hydrology) and Appendix H (Hydrology
and Flooding Technical Report) of the NS2B EIS (dated 11 May 2020) (FFJV 2020a,
b);

e meetings and discussions with ARTC representatives and FFJV modellers on 23 July
2020, 2 September 2020 and 13 November 2020;

e two Technical Notes prepared by FFJV on 4 September 2020 and 30 September 2020
respectively in response to a set of queries from WRM (on 31 August 2020 and 23
September 2020 respectively) to clarify a number of flood modelling issues that
were unclear or, in my opinion, inadequately addressed in Chapter 13 and Appendix
H of the NS2B EIS (FFJV 2020c, d);

e a Technical Note prepared by FFJV on 14 October 2020 providing comments on my
draft report dated 6 October 2020 (FFJV 2020e); and

e a site visit and meetings with GRC officers and local landholders on 15 October
2020.

No independent hydrologic or hydraulic modelling has been undertaken by WRM as part of
this review. Further, this review has been limited only to flood modelling undertaken for
the Reference Design representing the preferred Option D1 alignment for the proposed
NS2B section.

Not all the models, data and results provided by ARTC and FFJV have been reviewed in
detail for the preparation of this report. The level of this review has been commensurate
with the scope of this engagement, with specific focus on the modelling approach,
adopted methodology, model calibration and the use of the calibrated models for existing
and developed conditions design flood event assessment.
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2 Design requirements, standards
and guidelines

2.1 OVERVIEW

The Reference Design of the NS2B section of the Inland Rail Project requires a detailed
hydrologic and hydraulic assessment to establish flood behaviour in the potentially
impacted area under existing conditions followed by the consideration of the proposed rail
works and refinement of the proposed drainage structures required to minimise flood
impacts to acceptable (pre-determined) levels under post-NS2B project conditions.

Appendix H of the NS2B EIS outlines the design requirements, standards and guidelines to
be adhered to by FFJV for their NS2B Reference Design hydrologic and hydraulic
assessments. The following requirements are of particular relevance to this review:

¢ the hydrologic and hydraulic analyses and designs have to be undertaken in
accordance with the current Australian Rainfall and Runoff (ARR) standards and
guidelines; and

o the flood modelling and flood impact assessments have to comply with the
Secretary’s Environmental Assessment Requirements (SEARS).

2.2 SECRETARY’S ENVIRONMENTAL ASSESSMENT
REQUIREMENTS

The Secretary’s Environmental Assessment Requirements (SEARs) for the NS2B Reference
Design are detailed in Table 13.1 in Chapter 13 of the NS2B EIS. The SEARs key issues and
desired performance outcome condition items 8.2.a and 8.2.e are of particular relevance
to this review of the ARTC and FFJV flood modelling:

o the SEARs item 8.2.a requires ARTC to assess flooding behaviour for the full range of
flood events up to and including the PMF using hydrologic and hydraulic models in a
manner consistent with current best practice and utilising topographic and
infrastructure data that is of sufficient spatial coverage and accuracy to ensure the
resultant models can accurately assess existing and proposed water flow
characteristics. This includes undertaking flood modelling in accordance with the
latest Australian Rainfall and Runoff (ARR) standards and guidelines; and

o the SEARs item 8.2.e requires ARTC to assess the consistency (or inconsistency) of
the flood modelling with the applicable Council or OEH (now Department of
Planning, Industry and Environment (DPIE)) floodplain management plans, including
the Border Rivers Valley Floodplain Management Plan (BRVFMP).

Based on my interpretation of the NS2B Reference Design requirements, including the
above two SEARs requirements:

e ARTC and FFJV have to undertake the required flood modelling in a manner
consistent with current best practice, and ensure that the modelling undertaken can
accurately assess existing and proposed water flow characteristics. This would
require adherence to the current ARR standards and guidelines; and

e ARTC and FFJV have to only assess the consistency (or inconsistency) of the flood
modelling with the BRVFMP. There does not appear to be an obligation for ARTC and
FFJV to use any of the DPIE hydrologic or hydraulic models. On the other hand, if
there was such an obligation to use the DPIE models as the basis for the Reference
Design, there do not appear to be any restrictions on modifying or improving the
DPIE models in order to comply with current modelling best practice and the current
ARR standards and guidelines.
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3 Data and information used for
flood modelling

3.1 OVERVIEW

The FFJV have collected and used data and background information from a number of
sources including the DPIE, the Bureau of Meteorology (BOM), previous flood studies,
Councils and local landholders. Data and background information collected and collated
have included previous hydrologic and hydraulic models, topographic data (including levee
and hydraulic structure data), field survey data, rainfall data, streamflow data and
anecdotal flood level and flood behavioural data, including landholder photographs and
aerial photographs

The following subsections provide a general description of the data and information that
were reported to have been available to FFJV for the NS2B project flood modelling. A
detailed review of the data described below and used by FFJV has not been undertaken as
part of this investigation.

3.2 TOPOGRAPHIC DATA

It appears that three different sets of topographic data have been available and used in
the BS2B flood modelling:

e a Digital Elevation Model (DEM) compiled from two LiDAR data sets created in 2013
and supplemented with Shuttle Radar Topography Mission (SRTM) 1-second
resolution data;

e a DEM compiled from a LiDAR data set created from surveys undertaken between
September 2014 and January 2015; and

e a DEM compiled from a LiDAR data set created in November 2019.

Based on the FFJV reports, the 2019 data set has been used to represent current
topographic conditions, including current levee heights and floodplain features, in the
modelled area. This data has been used for the hydraulic modelling undertaken for the
Existing Conditions as well as the Developed Conditions and for flood impact and flood
mitigation assessments.

It appears that the older topographic datasets have been used with some adjustments as
seen fit for the historical (1976, 1996 and 2011) event hydraulic model calibration.

It appears that the drainage structure data used for historical event modelling have been
obtained from previous flood studies, site inspections and LiDAR data sets best
representing the time of the modelled event. For the Existing Conditions and Developed
Conditions modelling, it appears that the historical event data, especially along the NS2B
alignment, has been supplemented with limited field surveys.

The topographic data used for hydraulic modelling appears to be generally appropriate and
sufficiently accurate for use in the hydraulic modelling.

3.3 RAINFALL, STREAMFLOW AND FLOOD LEVEL DATA

The daily rainfall and pluviograph data used for the 1976 and 1996 event model
calibrations have been sourced from the respective DPIE hydrologic models, except for the
Ottleys Creek catchment for the 1996 event. The rainfall data for the 2011 calibration
event and Ottleys Creek 1996 event has been sourced from BOM and a previous (2016)
SMEC RORB model. It does not appear that a thorough review of additional rainfall data
that may be available for the modelled calibration events has been undertaken as part of
the FFJV investigations.
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Based on information presented in Appendix H (Table 5.5) of the NS2B EIS, historical
streamflow data for model calibration events and peak height records were available for
only eight stream gauging stations within the Border Rivers catchment. BOM and other
state agencies operate a large number of stream gauging stations in this catchment.
Therefore, it is surprising that historical data for these modelled events was unavailable
for other key stations that are located within the Macintyre River, Macintyre Brook and
Dumaresq River catchments. Such data could have been used to improve the model
calibrations.

Based on available information, it appears that FFJV have undertaken a review of the
rating curve at the Boggabilla and Goondiwindi stream gauges. However, it is unclear from
the available information whether the rating curves at the stream gauging stations used
for the hydrologic model calibration have been sufficiently reviewed prior to using their
rated discharges for model calibration.

Anecdotal flood data collected from previous studies, DPIE, Councils and land holders has
been used for model calibration. These data, which have varying levels of accuracy and
reliability, have comprised mainly aerial photographs, landholder photographs and
surveyed debris mark levels.

3.4 HYDROLOGIC AND HYDRAULIC MODELS

FFJV had identified that the DPIE’s Border Rivers Floodplain hydrologic and hydraulic
models were the most detailed and suitable of the previous study models for the
assessment of flooding behaviour in the Macintyre River floodplain and the investigation of
flooding impacts of the proposed NS2B rail line.

Therefore, the hydrologic and hydraulic models for the Macintyre River system developed
by the DPIE have been obtained and used as the basis for the NS2B flood modelling
including the proposed rail line Reference Design.

The DPIE’s hydraulic model covers an area of approximately 11,000 km? extending from
approximately 50 km upstream of Boggabilla to 40 km downstream of Mungindi. It appears
that the FFJV have adopted a truncated version of the DPIE’s hydraulic model for their
hydraulic modelling. It also appears that all constructed and approved structures on the
floodplain as configured in the DPIE model have been adopted, with some adjustment to
levee configurations. The implications of using the DPIE hydraulic model are discussed in
Sections 4, 5 and 7 of this report.

FFJV have stated that because the DPIE modelling was only recently undertaken (in 2017)
to support the updated BRVFMP, they considered it appropriate to adopt the models
provided by DPIE for the NS2B flood modelling. FFJV considers this modelling to be current
best practice on this floodplain. | disagree with this assessment because the DPIE models
were not developed for use in design event modelling and they were developed prior to
the release of the current ARR standards and guidelines. The best practice that was
current at the time of the DPIE model development has now been superseded by the
current ARR standards and guidelines.

It appears that FFJV have used DPIE’s hydrologic model configurations with little or no
modifications. The implications of using the DPIE hydrologic models for the NS2B
Reference Design flood modelling are discussed in Sections 4, 5 and 7 of this report.
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4 Adopted models and model
configurations

4.1 OVERVIEW

The URBS model has been used for hydrologic modelling and the TUFLOW model has been
used for hydraulic modelling. The adopted models are appropriate for flood modelling
undertaken for the proposed NS2B project.

The proposed NS2B alignment crosses the Macintyre River floodplain traversing both the
Macintyre River channel, and several tributaries including Whalan Creek, Strayleaves
Creek, Forest Creek, Back Creek and Mobbindry Creek. Figure 4-1 shows the waterways
crossing the NS2B alignment.

Figure 4-2 shows the extent of the URBS model catchments and the TUFLOW model extent
used in the NS2B flood modelling.

e The hydrologic models used comprise four URBS models for the four major
waterways (Macintyre River, Macintyre Brook, Dumaresq River and Ottleys Creek)
and four URBS models for the four minor waterways (Mobbindry Creek, Back Creek
and Forest Creek) crossing the NS2B alignment. The Macintyre River, Macintyre
Brook and Dumaresq River URBS models have been sourced from the DPIE. New
URBS models have been developed for Ottleys Creek, Mobbindry Creek, Back Creek,
Forest Creek and Strayleaves Creek; and

e Asingle TUFLOW model, a truncated version of the DPIE TUFLOW model,
incorporating the upstream inflows predicted by each of the above URBS models has
been developed for the study area. The adopted FFJV TUFLOW model covers an
area of about 2,600 km? when compared to the DPIE TUFLOW model used for the
BRVFMP, which covers an area of about 11,000 km?.

There are a number of significant technical shortcomings in the adopted URBS and
TUFLOW model configurations and therefore, in my opinion, the models used by FFJV are
technically flawed and do not comply with SEARs condition 8.2.a. The adopted model
configurations are not consistent with current best practice and are not sufficiently
accurate to assess the existing and proposed flooding behaviour in the study area for the
full range of design flood events up to the PMF. These shortcomings, which are discussed
in the following subsections, would have potentially significant impacts on the accuracy
and robustness of the flood modelling that has been undertaken for the NS2B Reference
Design.

4.2 HYDROLOGIC MODEL

4.2.1 Model extent

The total catchment area draining to the downstream boundary of the hydraulic model is
approximately 25,000 km?. Of this area, approximately 23,090 km? is upstream of
Goondiwindi and approximately 22,600 km?is upstream of Boggabilla (excluding the four
southern minor tributary catchments). The catchment areas covered by the various URBS
models are:

e Macintyre Brook - 3,983 km?
e Dumaresq River - 9,093 km?
e Macintyre River - 6,892 km?
e Ottleys Creek - 1,219 km?

e Minor tributaries - 467 km?
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The hydrologic models used for the NS2B flood modelling do not cover the total catchment
draining to the modelled area (see Figure 4-2). The hydraulic model extends downstream
of Goondiwindi but the hydrologic models do not extend far enough downstream to cover
the extent of the hydraulic model. As a consequence, the adopted hydrologic models do
not account for local catchment inflows to the hydraulic model area from an area of about
3,250 km?, and of this, about 2,050 km? is upstream of the NS2B alignment (see Figure
4-2).

In response to one of my queries, FFJV have stated that the hydrologic models were not
extended to Goondiwindi and downstream because of the complexity of the flow breakout
patterns upstream of Boggabilla and Goondiwindi, which cannot easily or reliably be
replicated in a hydrologic model. | agree that the hydrologic model cannot easily or
reliably model the complex breakout patterns upstream of Boggabilla and Goondiwindi. In
fact, that complexity is the reason for the use of a detailed hydraulic model. In my
opinion, the adopted hydraulic model would not be able to produce accurate results
without the local inflows from the unaccounted catchment area of about 3,250 km?2.

| believe an appropriately configured downstream hydrologic model, which could have
been used to link all the upstream sub models, would have easily and reliably provided
local catchment inflows from the large area that is currently not accounted for in the
hydraulic model. This approach would have more accurately simulated the above-
mentioned complex breakout patterns by taking into account the filling of floodplain
storages prior to the arrival of upstream flows. | believe such an assessment would have
also eliminated the need for the FFJV modellers to make major assumptions (without
satisfactory justification) such as that the unaccounted local catchment inflows do not
materially affect the model results. In response to one of my queries, FFJV have
acknowledged this shortcoming and have suggested that the extension of the URBS model
could be undertaken with the Boggabilla and Goondiwindi stream gauges included in the
hydrologic model as part of their Detail Design modelling.

4.2.2 Focal point of modelling

Based on current ARR guidelines, the ‘focal’ point of the FFJV hydrologic modelling for the
Reference Design should be Boggabilla or the proposed NS2B rail line crossing of the
Macintyre River. The adopted modelling approach and model extent do not use the correct
focal point for the NS2B flood modelling.

In a response to one of my queries, FFJV have acknowledged that they have not used the
correct focal point for the design event modelling.

As a consequence of the above shortcoming, FFJV have undertaken their design event
modelling with inappropriate model inputs for design rainfalls, rainfall temporal patterns,
rainfall aerial reduction factors and rainfall losses. | believe this is most likely the reason
why FFJV had to factor down (i.e. reduce) all design discharges predicted by the
hydrologic models for Macintyre River, Dumaresq River, Macintyre Brook and Ottleys Creek
(in an unconventional manner) by 30% to reconcile hydrologic model results with flood
frequency analysis (FFA) results (as outlined in Section 8.2.4 of Appendix H, NS2B EIS).

The reduction of the hydrologic model predicted flood discharges as inflows to the
hydraulic model is also likely to have resulted in significant reductions in predicted flood
volumes draining to the hydraulic model area.

It is also likely that the adopted approach may have resulted in the selection of
inappropriate critical storm durations because the larger Macintyre River catchment
draining to the hydraulic model area is likely to have a longer critical storm duration than
that of the Macintyre River at Holdfast or that of Macintyre Brook, Dumaresq River and
Ottleys Creek.
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4.3 HYDRAULIC MODEL

4.3.1 Model extent and configuration

Figure 4-2 shows the adopted extent of the FFJV hydraulic model. The available DEM
suggests that there are potential interactions between Macintyre Brook and Kippenbung
Creek as well as Brigalow Creek at Yelarbon, as well as Macintyre River and Brigalow Creek
upstream of Goondiwindi, during large flood events. This inference from the DEM is
consistent with information provided to me by Eddie Belling, a local landholder who is
quite familiar with historical flooding behaviour in the Macintyre River catchment.
According to Eddie Belling there were significant breakouts from the Macintyre Brook into
Kippenbung Creek and Brigalow Creek during the 1956 flood event. Figure 4-3 shows these
potential locations of interactions between the modelled waterways and waterways
external to the modelled area. It appears that these potential interactions have not been
adequately considered when configuring the hydraulic model for large flood events,
especially when accurate modelling is required to be undertaken up to the PMF event.

The Macintyre Brook total inflow boundary is located 14 kilometres downstream from the
locations where that inflow has been derived from the hydrologic model (at Booba Sands).
In this case, the adopted Macintyre Brook TUFLOW model extent, and the location of the
adopted Macintyre Brook inflow location, would prevent any potential breakouts into
Kippenbung Creek and Brigalow Creek during large flood events. The prevention of these
breakout flows would likely overestimate the Macintyre River discharges at the NS2B
crossing and may also result in the Reference Design underestimating the cross-drainage
requirements at locations where these waterways cross the Inland Rail B2G alignment.

In a response to one of my queries, FFJV has acknowledged that the adopted model
configuration does not accurately represent the interactions between Macintyre Brook,
Kippenbung Creek and Brigalow Creek near Yelarbon for large flood events. FFJV have
argued that these interactions are not significant and the adopted model provides
conservative results for large flood events when such interactions potentially take place.

FFJV have further stated that they did consider the interaction between Macintyre Brook,
Kippenbung Creek and Brigalow Creek around Yelarbon. FFJV believes that, because the
timings of the peak discharges in each of these waterways vary considerably, and because
the Macintyre River flows are much larger than Kippenbung Creek flows, they expect
model results to provide the ‘worst case’ outcome.

It is noted that the SEARs condition 8.2.a requires the adopted FFJV models to accurately
(and not conservatively) assess existing and proposed conditions flooding for the full range
of design floods up to the PMF.

FFJV believe that the inclusion of the potential Macintyre Brook interactions with
Kippenbung Creek and Brigalow Creek in their hydraulic model would not alter their
Reference Design or the NS2B project impact outcomes. FFJV have also stated that they
will consider these interactions during Detail Design.

Based on available topographic data, flooding behaviour and flood levels at Goondiwindi
can be influenced by the interaction between the Macintyre River and Brigalow Creek
upstream of the eastern section of the Goondiwindi levee. In response to a query from me
about the adopted hydraulic model not being able to accurately model the flooding
behaviour at Goondiwindi because the model does not take into account the interaction
between the Macintyre River and Brigalow Creek at Goondiwindi, FFJV have stated that
they did consider the potential for impact from Brigalow creek catchment during a Border
Rivers Flood. They note that:

e The hydraulic model has been developed to model the NS2B alignment located
upstream of Boggabilla, not the timing and interaction of minor creek systems at
Goondiwindi. The inclusion of Brigalow Creek flows into the model is not expected
to impact results at the proposed rail alignment;
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e The timing of peaks would be significantly different resulting in the Brigalow Creek
rising and falling before the Macintyre River peaks; and

e The contributing catchment for Brigalow Creek is significantly smaller than the
Macintyre River and tributaries such that it is expected the Macintyre River flood
would provide the ‘worst case’ outcome at the NS2B alignment. Brigalow Creek was
also not included in the DPIE hydraulic model. Under extreme events where flow
from the Macintyre Brook may spill into Brigalow Creek this breakout is not
represented in the current modelling, however this is a conservative approach as it
means that the flows are retained in the Macintyre Brook system and reach the
floodplain and thus are assessed for the NS2B alignment.

Based on the above comments, FFJV appear to accept that their model would not
accurately predict flood behaviour at Goondiwindi. Further, it is likely that conservative
(i.e. ‘worst case’) modelling for existing flooding conditions would also result in an
underestimation of the actual flood impacts of the NS2B rail line because of the
overestimation of peak flood levels under Existing Conditions.

The hydraulic model calibrations for the 1976 and 1996 events have used the current
(2019) configuration including crest levels of the Goondiwindi levees rather than the
configuration of the smaller levees that existed at the time of those events. FFJV have
stated that they adopted the 2019 levee configuration for the historic event modelling
because they had very limited data on the levee configuration at those times. This would
have resulted in errors in the predicted 1976 and 1996 flood behaviour in Goondiwindi.

The model configuration for the Developed Conditions does not include miscellaneous
infrastructure associated with the proposed rail line (fencing, road works, property access
road upgrades, etc). These will need to be included, and their impacts assessed, in
modelling undertaken for the Detail Design.

4.3.2 Local catchment inflows

4.3.2.1 Major waterways

The local (residual) catchment inflows downstream of Macintyre Brook (at Booba Sands),
Dumaresq River (at Beebo), Macintyre River (at Holdfast) and Ottleys Creek (at Macintyre
River confluence) are not included in the hydraulic model. This means local inflows from
an area of approximately 3,250 km? are not included in the hydraulic model. | believe this
will have a material impact on the model results.

Based on responses to my queries, FFJV believes that the local catchment inflows would
have peaked and moved downstream before the main flood arrives from upstream and
hence, they did not consider it necessary to include them in the hydraulic modelling. They
also believe that the local catchment inflows are unlikely to change the results in the
vicinity of the NS2B alignment and would have moved downstream before any major flood
flows. FFJV have not presented any sensitivity analyses to justify their decision not to
include local inflows, except to say that DPIE also did not do so in their modelling for the
BRVFMP investigations. In my opinion, this is a flawed argument because any filling of the
flood storage by local catchment inflows would not only have a material impact on peak
flood levels, but also likely have an impact on flow distributions in the modelled area.

FFJV’s above reasoning regarding the influence of local inflows on flooding in the study
area is also inconsistent with local landholder observations. According local landholders,
the local waterways and floodplains are generally full of water from local rainfall during
significant flood events when the upstream water from the major waterways arrives.

4.3.2.2 Minor waterways

There are a number of local creeks that cross the NS2B alignment as shown on Figure 4-1.
These creeks which drain towards Whalan Creek floodplain include Mobbindry Creek, Back
Creek, Forest Creek and Strayleaves Creek. Inflows from these minor waterways have not
been used in model calibration and have been input to the hydraulic model only for the
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design event modelling. Further, these adopted design inflows are not consistent with the
URBS model outputs for these creeks.

For Mobbindry Creek and Back Creek, it appears that the residual inflows downstream of
the hydraulic model’s upstream boundaries representing about 16% of the Mobbindry Creek
and about 29% of the Back Creek catchment areas upstream of the proposed rail alignment
are not accounted for in the TUFLOW model. In my opinion, this could have a significant
impact on the sizing of hydraulic structures at these creek crossings.

Further, for Forest Creek and Strayleaves Creek, rather than specifying the URBS model
outputs as inflows to the hydraulic model, a large number of local inflow boundaries along
these creeks have been specified for the design events (see Figure 4-5). In addition, all
local inflows input along these creeks appear to be a scaled version of each other, with the
same hydrograph shape and timing at all inflow locations as shown in Figure 7-1. These
adopted local inflows do not appear to account for any catchment routing through the
URBS models and therefore do not appear to be correct.

4.3.3 Placement of inflow boundary conditions

Figure 4-4 and Figure 4-5 show the locations (i.e. placements) of inflow boundary
conditions in the hydraulic model for calibration events and design events respectively.
The placement of model inflow boundaries raises a number of significant issues with
respect to accuracy and reliability of model results, including:

o Calibration events have only 4 upstream total inflows, there are no local inflows for
an area of approximately 3,250 km? not covered by the hydrologic models plus the
minor tributaries covering 467 km? for which no flows have been included (a total
area of about 3,700 km?). This means that the TUFLOW model has been calibrated
with lower than actual inflows to the modelled area.

e Some of the major waterway inflows to the model are located several kilometres in
from the model boundary (e.g. Ottleys Creek, Macintyre River). This would allow
some of the inflows to also propagate upstream rather than only downstream along
the channel, especially in flat floodplains such as in the Macintyre river system.

e Some of the major waterway inflows to the model are located several kilometres
downstream or upstream from the locations where the inflows were derived (e.g.
Macintyre Brook, Ottleys Creek). In the case of Macintyre Brook, this may prevent
potential breakouts into Kippenbung Creek, Brigalow Creek, etc during large flood
events.

In response to my queries, FFJV have stated that their inflow placements are as per the
DPIE model, with the exception of Ottleys Creek, which has been shifted upstream to
better represent the flow around drainage structures. If the Ottleys Creek inflow location
could be changed, | see no reason why FFJV could not also change some of the other DPIE
model inflow locations (e.g. Macintyre Brook) to better represent the inflows to the
modelled area.

FFJV do not believe the position of the adopted inflows has a material impact on the
model results, particularly in the vicinity of the proposed NS2B alignment. Again, this
statement has been made without undertaking any quantitative assessment.

4.3.4 Model grid size

The TUFLOW model has been configured using a 30 m grid size. The adoption of a 30 m cell
size is understandable when looking at the totality of the model domain. However, this
grid size appears to be too coarse and inappropriate for representing channels and
drainage features in the vicinity of the proposed rail alignment. Several creek channels,
especially along the minor waterways, in the study area have channel cross sections in the
approximately 5 m to 10 m range.

In response to one my queries, FFJV have stated that the features that are in the 5 m to 10
m range are completely inundated during major flood events. This may be correct during
major flood events but may not be correct during small flood events. Also, if these
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features are not represented correctly in the existing conditions model, the predicted
flood impact results may not be sufficiently accurate for the full range of modelled flood
events. Some examples of this impact are presented in Section 7.3.5.

FFJV have done a sensitivity run with the adopted TUFLOW model using a 15 m grid size to
assess the sensitivity of the adopted grid size. They have reported that a 15 m grid
hydraulic model predicted that peak flood levels would be generally lower by about 50 mm
across the modelled area and by about 150 mm along the NS2B alignment. This is a
significant reduction in peak flood level along the NS2B alignment in the context of the
Macintyre River floodplain near Boggabilla where a 100 mm difference in peak flood level
represents a few thousand cubic meters per second difference in peak Macintyre River
discharges through the modelled area.

FFJV has stated they will use the newer version of TUFLOW with a finer grid size where
required in next stage of design. Based on the above sensitivity analysis results, it is likely
that the hydraulic model will have to be recalibrated when a finer grid size is adopted.

4.3.5 Hydraulic structures

4.3.5.1Representation of cross drainage structures

There appears to be a number of cross drainage structures along the existing rail and road
alignments which are not represented in the hydraulic model under existing conditions
(e.g. road cross drainage and bridge structures) because the LiDAR appears to be read in
‘as-is’, without adequate openings or other modifications. However, these structures are
being represented under developed conditions (e.g. Mobbindry Creek, Back Creek) with
designed hydraulic structures. Some of the approximate locations where existing hydraulic
structures may not be adequately represented are shown in Figure 4-6.

The hydraulic structures along the existing B2G alignment also do not appear to be
represented in the Existing Conditions model (either as structures or simple openings), but
these structures are included as structures in the Developed Conditions model.

In response to one of my queries, FFJV has stated that minor hydraulic structures that are
exposed to major flood inundation are not included in the hydraulic model. As described
earlier, some of these structures appear to be along the existing road and rail corridors.
The non-inclusion of these structures, with appropriate blockage factors, has the potential
to significantly underestimate the impact of the proposed rail line especially during small
flood events and when assessing potential impacts on future access to private properties.
Some examples of these impacts are presented in Section 7.3.5.

4.3.5.2Representation of culvert and bridge blockage

It appears that blockage factors have been adopted when modelling culverts. This is
appropriate.

Bridges have been modelled using Layered Flow Constriction shapes, which represent
structures as a set of three (3) layers (L1 being the waterway section, L2 being the bridge
deck and L3 being handrails or guard rails above the bridge deck), each requiring the
provision of a blockage factor (to represent the reduction in flow area across the affected
model cells) and a Form Loss Coefficient (FLC) (to represent energy losses due to
contraction and expansion of flow around piers). It appears that for the two flow layers
above the waterway section (i.e. L2 and L3) blockages of 100% and 50% respectively have
been assumed, with a FLC of zero (0). However, for L1 0% blockage has been assumed,
with a 0.2 FLC.

For a 30 m grid hydraulic model with large bridges, this approach to modelling the
waterway section does not appear to be consistent with guidelines provided by the
TUFLOW model software developer, as the appropriate definition of the flow area (using
blockage factors) impacts on the estimated velocity, which in turn impacts the energy
losses calculated using the FLC
(https://wiki.tuflow.com/index.php?title=TUFLOW_2D_Hydraulic_Structures).
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The rationale for the adopted approach and the justification for the use of a FLC value of
0.2 with no blockage factors for the NS2B bridge waterways are unclear and should be
explained clearly, as the appropriate modelling of bridges is important for the accurate
estimation of potential flood impacts of the NS2B rail design.

4.3.5.3 Representation of Newell Highway

It appears that the recent upgrade of the Newell Highway may not be correctly
represented in the hydraulic model. FFJV have found inconsistencies between the design
details of the Newell Highway upgrades and the 2019 LiDAR, aerial imagery and ground
levels. Therefore, due to time constraints, the Newell Highway has been included in the
hydraulic model based on LiDAR rather than the provided design levels. These
inconsistencies would need to be resolved and rectified prior to the flood modelling that
would be undertaken for the Detail Design of the proposed rail line.

4.3.6 Different NS2B and B2G models

ARTC have used two different hydraulic and hydrologic models with different model
configurations, inflows, etc for the Macintyre River floodplain for Inland Rail’s NS2B and
B2G section assessments.

Based on available information, FFJV have adopted the DPIE hydrologic models for the
NS2B flood modelling of the common B2G section after a review of previous flood studies.
The B2G project flood modelling (for the same rail section) has been done using hydrologic
models developed for the Macintyre River catchment in a different flood study (Inglewood
Flood Study) undertaken for the GRC in 2015.

FFJV found that the Inglewood Flood Study hydrology produced higher flows down
Macintyre Brook than the DPIE models. Therefore, FFJV considered the Back-Creek 1% AEP
estimates for the flows from the Inglewood Flood Study to be high. According to FFJV, they
did not adopt the Inglewood Flood Study flows because they considered that adopting the
higher flows for Macintyre Brook for inflow to the Macintyre River floodplain would be
unreasonably conservative.

Based on available information, the differences and inconsistencies between the NS2B and
B2G modelling results, including flood impact results, for the B2G rail section common to
the NS2B and B2G flood modelling investigations are not known.
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5 Model calibration

5.1 OVERVIEW

FFJV’s URBS and TUFLOW models have been calibrated against 3 historical flood events:
February 1976, January 1996 and January 2011. Of these, the DPIE had calibrated their
hydrologic and hydraulic models to the February 1976 and January 1996 events. FFJV have
accepted and used the DPIE’s hydrologic models and their calibrations with little or no
change for their NS2B flood modelling. Based on their review of the DPIE models, FFJV
have stated that the DPIE URBS model calibrations for the 1976 and 1996 events are
reasonable and therefore there was no justification not to adopt DPIE calibration.

However, FFJV have found that there are uncertainties with DPIE’s hydrologic and
hydraulic models and their calibrations for the 1976 and 1996 flood events due to the
quality of topographic and rainfall distribution data that was available to model those two
events. Therefore, FFJV have also calibrated their hydrologic and hydraulic models to the
January 2011 flood event to ‘validate’ the use of the previous DPIE modelling and to
demonstrate the FFJV’s hydrologic and hydraulic model performance for a recent flood
event. Based on FFJV’s reporting, the topography used in the models was varied to
represent development on the floodplain, including levees, that existed at the time of
each flood event.

Chapter 13 and Appendix H of BS2B EIS refer to a joint calibration of hydrologic and
hydraulic models. This is misleading because no joint calibration has been undertaken. In
response to one of my queries, FFJV have acknowledged that they have not undertaken a
joint calibration of the hydrologic and hydraulic models, and stated that joint calibration
was not the correct terminology to have been used in their reporting. They have clarified
what they did by stating that their hydrologic models were calibrated to the upstream
stream gauges and hydraulic model was then calibrated to Boggabilla and Goondiwindi
stream gauges plus all the available flood markers, aerial and landholder photographs etc.

The URBS model calibrations have been limited to the Macintyre Brook, Dumaresq River,
Macintyre River (upstream of Holdfast) and Ottleys Creek catchments. There was no
calibration data for Mobbindry Creek, Back Creek, Forest Creek and Strayleaves Creek
catchments. Therefore, the URBS model results for these minor catchments have been
validated against results from the Regional Flood Frequency Estimation (RFFE) model.

There are a number of technical shortcomings in the adopted model calibration and the
adopted methodology is not consistent with current best practice. As a consequence, the
adopted models are not, in my opinion, sufficiently reliable to assess the existing and
proposed flooding behaviour in the modelled area. These shortcomings, which are
discussed in the following subsections, would have an impact on the accuracy and
reliability of the flood modelling that has been undertaken for the NS2B Reference Design.

The model validation undertaken for the four minor waterways also has technical
shortcomings. These shortcomings are discussed in Section 6.3 of this report.

5.2 HYDROLOGIC MODELS

5.2.1 Overview

Sufficient details are not provided in Chapter 13 and Appendix H of BS2B EIS to assess the
quality of DPIE’s hydrologic model calibrations of the 1976 and 1996 flood events.
However, sufficient details were available to assess the quality of their calibration for the
2011 flood event. The hydrologic models have been calibrated to rated January 2011
discharge data at the following five stream gauging stations:

e Macintyre Brook flows at Booba Sands;
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e Dumaresq River flows at Farnbro and Roseneath;
e Macintyre River at Holdfast; and
e Ottleys Creek at Coolatai.

DPIE had used a XP-RAFTS model for the Ottleys Creek catchment. FFJV have converted
this model into an URBS model for use in the NS2B flood modelling. FFJV’s URBS model
calibration of Ottleys Creek has also been tested against the 1996 flood event. Details of
the Ottleys Creek calibration were also available for review.

5.2.2 Calibration shortcomings

Current modelling best practice, including the current ARR guidelines, requires hydrologic
model calibrations to multiple historical flood events to be achieved with the same model
and with a common (i.e. average or weighted) set of model parameters. In other words,
FFJV should have used the same URBS models with a common set of model parameters for
all three calibration events. This has not been done for the NS2B hydrologic modelling and
therefore | believe this is a significant technical shortcoming in the flood modelling
undertaken for the Reference Design.

For the model calibrations of Macintyre Brook, Dumaresq River and Macintyre River to the
1976, 1996 and 2011 flood events:

e DPIE calibrations for the 1976 and 1996 events have been achieved with different
URBS models (i.e. with different model configurations).

e FFJV have used URBS models with different routing characteristics to calibrate
against the 2011 event when compared to the 1996 event. Further, the 2011 URBS
model for the Macintyre River does not include the Pindari Dam.

In response to one of my queries, FFJV has investigated the impact of including Pindari
Dam on model results. FFJV state that the dam was at 100% capacity and spilling water
throughout December 2010 and January 2011. Therefore, to assess the attenuation of
flows through the reservoir they had undertaken a sensitivity run with the dam included in
their model and this has shown that not including the dam results in peak water levels for
the 2011 event that are 15 to 20 mm lower at the proposed NS2B alignment with the dam
included. They have also noted that there is less than 1 mm difference in the vicinity of
Goondiwindi. | note that in the context of the Macintyre River floodplain at the Proposed
rail alignment, a 15 to 20 mm difference in flood level translates to at least a several
hundred cubic meters difference in discharges.

The model calibration for Ottleys Creek also has technical shortcomings:

e Appendix H (Section 7.4 and Figure 7.7) of the NS2B EIS states that the 2011 event
was an insignificant event in the Ottleys Creek catchment because the recorded
rainfall and rated peak discharge at Coolatai were very small (27 mm and 3 m3/s
respectively). The daily rainfalls recorded at Coolatai, which appear to be
consistent with rainfalls recorded at nearby stations during this event, were smaller
than a 24-hour 50% AEP rainfall (based on Appendix H, Table 8.1).

e The above assessment and justification for an insignificant flood event in Ottleys
Creek is contradicted by the adopted 2011 calibration event hydrologic model
results, and the use of Ottleys Creek inflows of up to 546 m3/s in the 2011 event
hydraulic model calibration.

¢ In response to one of my queries, FFJV have stated that, if the hydrologic modelling
was adjusted to match the rated flows at the Coolatai gauge then it was not
possible to replicate the observed flooding downstream of the gauge. The FFJV have
justified the adoption of such high Ottleys Creek inflows based on conversations
they had with the community on flooding in lower Ottleys Creek before the main
river event during the 2011 event. No details on this anecdotal information
collected has been provided for review. It is noted that the modelled 2011 flows in
Ottleys Creek are significantly higher than the modelled flows for the 1976 event
(399 m3/s) and the 1996 event (383 m3/s), and significantly higher rainfalls were
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recorded in this catchment during the 1976 and 1996 events when compared to the
2011 event. Further, based on the provided design discharges, the modelled 2011
flow has an AEP of between 5% and 2%. Based on available recorded rainfalls, it is
extremely unlikely that the 2011 event flows were higher than the 1976 event and
1996 event flows and that the 2011 event was between a 5% and 2% AEP event.

e The above anecdotal evidence on lower Ottleys Creek flooding in 2011 relied on by
FFJV is not consistent with information provided by the local landholders | met
during my site visit. According to those local landholders, the 2011 flooding in
Ottleys Creek was not significant. The largest flood event they have experienced in
Ottleys Creek was in 1996 and that event was larger than in 1976. It is of note that
the local landholder information on the 2011 event is consistent with recorded data
reported in Appendix H of the NS2B EIS.

5.3 HYDRAULIC MODEL

5.3.1 Overview

The TUFLOW model has been calibrated to recorded water levels at Boggabilla and
Goondiwindi stream gauging stations, surveyed debris mark levels and anecdotal data
provided by different sources for the February 1976, January 1996 and January 2011 flood
events. This adopted approach is appropriate. It appears that there was no recorded or
anecdotal data for model calibration along the four minor waterways crossing the NS2B
alignment to the south of the Macintyre River.

Based on Sections 5.1 and 5.3 of Appendix H of the NS2B EIS, DPIE have identified many
constraints and deficiencies with their 1976 and 1996 hydraulic model calibrations because
of the uncertainties in floodplain conditions at that time. The following is of note with
respect to the 1976 and 1996 model calibrations:

e DPIE has had to factor up (i.e. increase) all 1976 event Macintyre Brook, Dumaresq
River, Macintyre River and Ottleys Creek URBS model calibrated inflows to their
hydraulic model by 120% to achieve an acceptable calibration downstream of
Goondiwindi; and

e DPIE has had to factor up all 1996 event Macintyre Brook, Dumaresq River,
Macintyre River and Ottleys Creek URBS model calibrated inflows to their hydraulic
model by 160% to achieve an acceptable calibration in their modelled area.

The hydraulic model calibrations for the above two historical events have been undertaken
with model inflows at only four inflow locations. That is, the DPIE hydraulic model has
been calibrated ignoring local inflows from an area of more than 11,000 km?2. In my
opinion, it is likely that inflows to the hydraulic model had to be factored up to
compensate for the non-inclusion of local (residual) catchment inflows in their hydraulic
model.

The hydrologic model outputs for the 2011 flood event have been used in the FFJV
hydraulic model without any factoring. It is of note that this FFJV hydraulic model is only
2,600 km? in area when compared to the 11,000 km? area in the DPIE hydraulic model.

5.3.2 Calibrations results

Overall, in my opinion, the FFJV calibration results are not as good as it has been claimed
in the NS2B EIS. The reasons for this opinion are given below.

5.3.2.1 Gauging stations

The model calibrations have attempted to achieve a stated target accuracy of +0.15 m at
the Boggabilla and Goondiwindi stream gauging stations:

¢ The modelling achieves the stated target accuracy at the Boggabilla gauge for all
three calibrations events:
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0 When unfactored inflows are used for the calibration, the differences between
modelled and recorded peak water levels for the 1976, 1996 and 2011
calibration events are 0.09 m, 0.12 m and 0.05 m respectively. For all three
events, the model has underestimated peak flood levels when compared to
recorded peak flood levels.

0 When factored inflows are used for the calibration, the predicted peak flood
levels increase by 0.04 m for the 1976 event and by 0.20 m for the 1996 event
when compared to the unfactored flows. For this scenario, the modelled peak
flood level for the 1976 event is 0.05 m lower than the recorded peak level and
the modelled peak flood level for the 1996 event is 0.08 m higher than the
recorded peak level.

¢ The modelling does not generally achieve the stated target accuracy (+0.15m) at
the Goondiwindi stream gauging station:

o0 When unfactored inflows are used for the calibration, the predicted peak flood
levels are 0.33 m higher for the 1976 event, 0.12 m lower for the 1996 event
and 0.23 higher for the 2011 event when compared to the recorded peak flood
levels.

0 When factored inflows are used for the calibration, the modelled peak water
levels for the 1976 and 1996 calibration events are 0.34 m and 0.24 m
respectively higher than the recorded peak flood levels. Factoring the inflows
has raised the 1976 peak flood level by 0.01 m and the 1996 peak flood level by
0.05 m when compared to unfactored flows.

o0 The Goondiwindi levees are not configured correctly in the TUFLOW model for
the 1976 and 1996 model configuration. This, together with the inaccurate
representation of the potential interactions between the Macintyre River and
Brigalow Creek, is likely to have affected the ability of the model to achieve a
better calibration to recorded water levels at the Goondiwindi gauge.

Based on factored inflow results (Table 7.7 in Appendix H, NS2B EIS), it appears that the
Macintyre River total flows at Boggabilla (and hence at the proposed rail crossing) are
significantly overestimated by the hydraulic model for all three calibrations events. FFJV
have attributed this to the significant uncertainty in the Boggabilla rating projection. |
agree that there are significant uncertainties regarding the Boggabilla gauge rating curve,
however these uncertainties are expected only for rated discharges significantly above its
highest gauged flow (which is approximately 3,500 m3/s gauged during the 1996 flood
event). Therefore, | would expect the differences between the calibrated hydraulic model
peak discharges and rated total peak discharges at Boggabilla for the 1996 event (rated -
3,486 m3/s vs TUFLOW - 5,104 m3/s) and 2011 event (rated - 3,803 m3/s vs TUFLOW - 4,449
m?3/s) to be much closer.

5.3.2.2February 1976 event

There is a significant difference between the rated (approximately 4,500 m3/s - see Figure
8.9, Appendix H) and predicted (8,700 m3/s - see Figure 7.21 and Table 7.13, Appendix H)
total peak discharges at Boggabilla for the 1976 event. Even after taking into account the
uncertainties associated with the Boggabilla rating curve, it appears that the hydraulic
model is significantly overestimating the breakouts into Whalan Creek and Morella
Watercourse for the 1976 event. This is consistent with Figure A5-C in Appendix H of the
NS2B EIS, which shows that the hydraulic model is significantly overestimating these
breakouts.

The February 1976 peak flood levels obtained at 38 locations across the modelled area
have been available for the hydraulic model calibration. As described in Section 3.4, it is
understood that these peak flood levels have been obtained from multiple sources,
including some debris mark surveys, and would have varying levels of accuracy and
reliability. Based on the available peak flood levels, Table 5-1 shows a comparison of the
number of these 38 locations (and as a percentage of the total number of locations) for
which predicted peak flood levels fall within various accuracy level ranges for peak flood
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levels predicted by FFJV’s hydraulic model. A negative accuracy value means that the
modelled level is lower than the recorded level. Comparisons are shown for both the
adopted model calibration and the model sensitivity results undertaken without the 120%
factoring of model inflows. The comparisons show that:

e About 50% of the calibration point differences are outside the = 0.3 m target band,
and if the locations that were flooded but predicted by the model to be dry are
included, more than 50% of the calibration points would be outside the +0.30 m
accuracy range. This percentage does not change much even for results without the
factored inflows.

e The hydraulic model results are generally biased low with the TUFLOW model
predicting lower peak flood levels at more than 65% of the survey locations. This
percentage increases to more than 75% when the inflow factoring is removed.

It appears that most of the peak flood level overestimations shown in Table 5-1 occur
across Whalan Creek and Morella Watercourse, suggesting that peak flood levels elsewhere
across most of the modelled area are underestimated (and are biased low) with or without
the factoring of model inflows.

Table 5-1 Comparison of accuracy levels achieved for the 1976 flood event with
factored and unfactored inflows

Model accuracy FFJV model (factored FFJV model (unfactored
range (m) flows) flows)
No of Flood % No of Flood
VE S Ve
Flooded but 2 5.3 3 7.9
predicted to be dry

<-0.30 15 39.5 17 44.7
-0.30 to -0.20 2 5.3 4 10.5
-0.20 to -0.10 2 5.3 1 2.6
-0.10t0 0.0 4 10.5 4 10.5
0.0t0 0.10 3 7.9 3 7.9
0.10 to 0.20 4 10.5 2 5.3
0.20 to 0.30 2 5.3 2 5.3
>0.30 4 10.5 2 5.3
Totals 38 100 38 100

5.3.2.3January 1996 event

The 1996 calibration is biased too high (see Table 7.14 and Figures 7.22 & 7.23 of
Appendix H, NS2B EIS). This is consistent with Figure A6-B in Appendix H of the NS2B EIS. It
is recalled that the 1996 event hydraulic model calibration has been achieved using output
from a hydrologic model with a different configuration to that used for the 1976 event.

The January 1996 peak flood levels obtained at only 8 locations across the modelled area
have been available for the hydraulic model calibration. Again, the accuracy and reliability
of the available peak flood data is not known. Based on the available peak flood levels,
Table 5-2 shows a comparison of the number of these 8 locations (and as a percentage of
the total number of locations) for which predicted peak flood levels fall within various
accuracy level ranges for peak flood levels predicted by FFJV’s hydraulic model.
Comparisons are shown for both the adopted model calibration and the model sensitivity
results undertaken without the 160% factoring of model inflows. The comparisons show
that:

e 37.5% (3) of the calibration point differences are outside the + 0.3 m target band.
This percentage reduces to 25% for model results without the factored model
inflows.
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e The hydraulic model results are generally biased high with the model predicting
higher peak flood levels at 87.5% (7) of the survey locations. This percentage
reduces to 75% when the inflow factoring is removed.
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Table 5-2 Comparison of accuracy levels achieved for the 1996 flood event with
factored and unfactored inflows

Model accuracy FFJV model (factored FFJV model (unfactored
range (m) flows) flows)
No of Flood % No of Flood
WENS VENS
Flooded but 0 0 0 0
predicted to be dry
<-0.30 0 0 0 0
-0.30 to -0.20 0 0 0 0
-0.20 to -0.10 1 12.5 2 25
-0.10 t0 0.0 0 0 0 0
0.0t0 0.10 2 25 3 37.5
0.10 to 0.20 1 12.5 1 12.5
0.20 to 0.30 1 12.5 0 0
>0.30 3 37.5 2 25
Totals 8 100 8 100

5.3.2.4 January 2011 event

The 2011 calibration has been achieved using Ottleys Creek inflows of up to 540 m3/s and
this is not consistent with FFJV’s reporting for this event (see Section 5.5.2 of this report).
The adopted Ottleys Creek inflows are quite significant and are likely to have significant
implications for the 2011 calibration (as later discussed in Section 7.3.4 of this report). It
is also recalled that the 2011 event hydraulic model calibration has been achieved using
output from a hydrologic model with a different configuration to that used for the 1996
event.

The January 2011 peak flood levels obtained at 52 locations across the study area have
been available for the hydraulic model calibration. Again, the accuracy and reliability of
the available peak flood data is not known. Based on the available peak flood levels,
Table 5-3 shows a comparison of the number of these 52 locations (and as a percentage of
the total number of locations) for which predicted peak flood levels fall within various
accuracy level ranges for peak flood levels predicted by FFJV’s hydraulic model.
Comparisons are shown for both the adopted (30 m grid) model calibration and model
sensitivity results undertaken with a smaller (15 m) grid size. The comparisons show that:

e About 23% of the calibration point differences are outside the + 0.3 m target band,
and if the locations that were flooded but predicted by the model to be dry are
included, more than 30% of the calibration points would be outside the £0.30 m
accuracy range. This percentage increases a little to about 33% for results with the
smaller model grid size.

e Overall, the model results show less bias when compared to the 1976 and 1996
events, with about 55% of the modelled peak flood levels being lower than
equivalent recorded levels. This percentage increases to about 57% for the smaller
grid size model.

For the 2011 event, it appears that predicted Macintyre River flood levels between
Boggabilla and Goondiwindi are underpredicted most likely because the TUFLOW model
does not take into account flows coming down Brigalow Creek. Also, the modelled flow
distribution between Macintyre River and Whalan Creek/Morella Watercourse for this event
does not appear to be sufficiently accurate (see Figure A7-B in Appendix H, BS2 EIS).

1283-02-D1| 27 November 2020 | Page 29 | NNERENEEEE


http://wrmwater.com.au/

B ) e/
(T
el M

Table 5-3 Comparison of accuracy levels achieved for the 2011 flood event with 30 m

and 15 m grid sizes

Model accuracy

FFJV model (30 m grid)

FFJV model (15 m grid)

range (m) No of Flood % No of Flood
Marks VEIS
Flooded but 4 7.7 2 3.8
predicted to be dry

<-0.30 4 7.7 8 15.4
-0.30 to -0.20 6 11.5 6 11.5
-0.20 to -0.10 6 11.5 6 11.5
-0.10t0 0.0 9 17.3 8 15.4
0.0t0 0.10 4 7.7 5 9.6
0.10 to 0.20 4 7.7 4 7.7
0.20 to 0.30 7 13.5 6 11.5
>0.30 8 15.4 7 13.5
Totals 52 100 52 100
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6 Flood frequency analyses

6.1 OVERVIEW

FFJV have undertaken flood frequency analyses (FFA) to reconcile their hydrologic and
hydraulic model design discharge estimates against FFA results for the four major
waterways (Macintyre Brook, Dumaresq River Macintyre River and Ottleys Creek). For the
four minor waterways (Mobbindry Creek, Back Creek, Forest Creek and Strayleaves Creek),
in the absence of calibration results, FFJV have undertaken Regional Flood Frequency
Estimations (RFFE) to validate (reconcile) their hydrologic model results. This approach is
appropriate and current best practice. However, there a number of technical shortcomings
in the FFA’s that have been undertaken as well as the reconciliations undertaken between
FFA and RFFE results and URBS and TUFLOW model design discharge estimates.

6.2 MAJOR WATERWAYS

6.2.1 Hydrologic model results reconciliation

FFJV have used Generalised Extreme Value (GEV) frequency distributions to fit peak
annual discharges at Macintyre Brook at Booba Sands, Dumaresq River at Farnbro,
Macintyre River at Holdfast and Ottleys Creek at Coolatai stream gauging stations (see
Figures 8.1 to 8.5 in Appendix H, NS2B EIS) when Log Pearson Il (LPIIl) frequency
distributions appear to provide better fits to recorded peak discharges at these stations.

In response to one of my queries, FFJV have stated that the GEV distributions were
adopted based on preliminary advice from ARR 2016 at the time these investigations
commenced. | believe the preliminary FFA results should have been updated with LPIII
distribution results and the updated results should have been used for reconciliation with
design event results when further and more appropriate information became available
prior to the completion of the NS2B Reference Design.

In response to one of my queries, FFJV have stated that they examined the fitted
distributions for all gauges, and they noted that the gauges at Macintyre Brook at Booba
Sands, Macintyre River at Holdfast and Ottleys Creek at Coolatai did not exhibit significant
differences between the LPIIl and GEV distributions. Therefore, they did not see any
jJustification to adopt the LPIIl over the GEV. This assessment is not consistent with
available data, which shows that:

e The GEV and LPIlI distributions provide similar results only for Ottleys Creek at
Coolatai (see Figure 6-1);

e For the Macintyre River at Holdfast, the LPIIl discharges are about 21% and 15%
respectively higher than the GEV discharges for the 2% and 1% AEP events (see
Figure 6-2);

e For the Dumaresq River at Roseneath, the LPIII discharges are about 22% and 23%
respectively higher than the GEV discharges for the 2% and 1% AEP events (see
Figure 6-3); and

e For the Macintyre Book at Booba Sands, the LPIII discharges are about 16% and 5%
respectively higher than the GEV discharges for the 2% and 1% AEP events (see
Figure 6-4);

The adoption of more appropriate LPIII distributions would have produced different FFA
results and, in my opinion, this would have had significant implications for the adopted
design discharges and reconciliation of the URBS model results against FFA results,
including the adopted rainfall losses for the Macintyre Brook, Dumaresq River and
Macintyre River.

Based on information available, it is unclear how well the reconciliation between the FFA
results and design event results has been done because the discussion provided in Section
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8.1.4 of Appendix H, NS2B EIS on how the adopted design rainfall losses (IL/CL) were
derived is inadequate. It does not appear that FFA’s for Macintyre Brook, Dumaresq River
and Macintyre River have been reconciled by adequately adjusting losses. The adopted
losses do not appear to have any similarity to the ARR data hub or calibrated loss values.

There are also a number of reporting errors with respect to FFA results presented in the
NS2B EISs. These include:

¢ The plotted modelled design 1% AEP discharge for Macintyre Brook at Booba Sands
does not appear to be correct. The plotted value in Appendix H (Figure 8.1) is about
1,100 m3/s whereas the URBS model predicted value is 2,278 m3/s.

e The plotted 1996 flood discharge in Appendix H (Figure 8.5) for the Ottleys Creek at
Coolatai should be larger than a 2% AEP after the required correction for the
incorrectly plotted recorded discharges in Appendix H (Figure 7.6).

Flood frequency analysis for OTTLEYS CREEK AT COOLATAL [ 416020
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Flood frequency analysis for OTTLEYS CREEK AT COOLATAL [ 416020

GEV

Figure 6-1 - Comparison of GEV and LPIII flood frequency distributions for Ottleys
Creek at Coolatai (source: BOM Water Data Online)
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Flood frequency analysis for MACINTYRE RIVER AT HOLDFAST (YELARBON CROSSING) [ 416012
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Flood frequency analysis for MACINTYRE RIVER AT HOLDFAST (YELARBON CROSSING) [ 416012
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Figure 6-2 - Comparison of GEV and LPIII flood frequency distributions for Macintyre
River at Holdfast (source: BOM Water Data Online)
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Flood frequency analysis for DUMARESQ RIVER AT ROSENEATH [ 416011

Flond frequency analysis for DUMARESC RIVER AT ROSENEATH [ 416011
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Figure 6-3 - Comparison of GEV and LPIII flood frequency distributions for Dumaresq
River at Roseneath (source: BOM Water Data Online)
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Flood frequency analysis for Macintyre Brook at Booba Sands / 4164154
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LPII

Flood frequency analysis for Macintyre Brook at Booba Sands / 4164154

GEV

Figure 6-4 - Comparison of GEV and LPIIl flood frequency distributions for Macintyre
Brook at Booba Sands (source: BOM Water Data Online)
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6.2.2 Hydraulic model results reconciliation

The Boggabilla stream gauge is the key reconciliation point for the combined hydrologic
and hydraulic modelling for the NS2B alignment. Because of the significant uncertainties
associated with the Goondiwindi gauge rating above bankfull discharge, Goondiwindi gauge
is not considered suitable for the derivation of a reliable FFA.

For the above reason, | believe a flood reconciliation of FFA results and modelled design
discharges at Boggabilla is very important for the accuracy of NS2B flood modelling.

Based on information provided by FFJV, anecdotal historical flood data available prior to
the period of recorded data for any of the gauging stations has not been considered or
used in any of the FFA’s undertaken for the NS2B project. Current best practice is to
incorporate this anecdotal information in the FFA.

Based on information available from the BOM website, it appears that there were two
major flood events in 1886 and 1890 in Boggabilla prior to the period of record dating back
to 1896/97 used for the Boggabilla FFA. Because of the long (117 year) period of record
available and used for the Boggabilla gauge, the inclusion of this additional anecdotal data
may not materially change the FFA results. However, they should be considered to ensure
that this anecdotal data has no material impact on adopted FFA results.

The reliability of the Boggabilla Rating Curve for very large flows is low. However, based
on information provided in response one of my queries, FFJV state that the Boggabilla
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rating is reasonably consistent with gauged flows, as shown in Appendix H (Figure 8.6),
except for rated flows higher that the highest gauged flow of about 3,500 m3/s. Therefore,
as stated in the BS2B EIS, a good reconciliation between the FFA results and the design
discharges at Boggabilla should have been achieved for events more frequent than the 1%
AEP. This has not been achieved.

The TUFLOW model predicted design discharges at Boggabilla for all events between 20%
AEP and 1% AEP are considerably higher than the FFA results (even after reducing TUFLOW
model inflows by 30% to apparently to try and match the FFA results - see Section 8.2.4 of
Appendix H). For example, the modelled 20% AEP design discharge at Boggabilla is about
18% higher than the FFA and the modelled 10% AEP design discharge is about 28% higher
than the FFA. In my opinion, these differences between FFA and TUFLOW model results
are too large.

In response to one of my queries, FFJV have stated that their reconciliation at Boggabilla
must:

e be appropriately conservative for the purpose and level of detail required for the
NS2B Reference Design investigation; and

e consider the magnitude and expected frequency of the historical events and
produce results acceptable to stakeholders (i.e. further decreasing the rainfall
intensity would increase the equivalent AEP of estimated 1976 flow to in excess of 1
in 500 to 1 in 2000). While statistically possible, this would be more difficult to pass
review by stakeholders who would demand/expect a realistic estimate.

FFJV have also stated that, given the ‘complexities of the stream gauge and the upstream
floodplain flows’, they believe that a good reconciliation has been achieved for the
purposes of the Reference Design. FFJV have further stated that their reconciliation to the
FFA will be reviewed further during future stages of the project.

In my opinion, the above statements from FFJV do not reflect a best practice approach to
engineering analysis and design. | do not agree with their reasoning for not achieving an
accurate reconciliation at Boggabilla. Their reasoning appears to provide an implicit
acknowledgment that the flood modelling undertaken by FFJV for the NS2B project is not
sufficiently accurate or reliable to estimate design discharges and flood levels.

6.3 MINOR WATERWAYS

In the absence of calibration data, the URBS model results for Mobbindry Creek, Back
Creek, Forest Creek and Strayleaves Creek have been validated against RFFE estimates. |
believe this approach is appropriate. However, the model validations have been
undertaken against the RFFE results for the 1% AEP event only.

The RFFE estimates at all four locations used to reconcile the URBS model results are
based only on 30 to 40 years of recorded discharges at the nearest stream gauging stations.
Therefore, the RFFE estimates at these stations are likely to be reliable only for AEPs up to
5% at best. The 1% AEP results used for the URBS model validations would be the least
reliable of the RFFE estimates available for model validations. A comparison of the
adopted URBS discharges and RFFE results shows that the URBS discharges for the more
frequent events are significantly higher than the RFFE estimates. For example, for the 20%
AEP events, the URBS model estimates for the four minor waterways are between 78% and
174% higher than the RFFE estimate, and for the 10% AEP event, the URBS model estimates
are between 50% and 111% higher than the RFFE estimates. It is recalled that SEARs
condition 8.2.a requires accurate and best practice modelling for the full range of flood
event, not just the 1% AEP event.

Based on responses to one of my queries, FFJV have stated that the focus for their flood
impact assessment was the 1% AEP event and therefore the RFFE estimate comparison also
focused on the 1% AEP event, noting that the RFFE approach is an approximate method
only and less reliable for larger floods primarily due to the available length of records.
They have also stated that further refinement of flows on the southern tributaries could be
undertaken and would be likely to result in reduction in the 1% AEP flows for the southern
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tributaries, and the flows therefore used in the current assessment are expected to be
conservative in nature.
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7 Design event modelling

7.1 OVERVIEW

The hydrologic and hydraulic modelling for design event analyses are required to be
undertaken in accordance with the current best practice, including current Australian
Rainfall and Runoff (ARR) standards and guidelines for a range of design flood events from
20% AEP up to the PMF.

Based on my review of the design event modelling, there are some significant technical
shortcomings in design event modelling undertaken by FFJV. These shortcomings and some
of the apparent implications of these shortcomings are discussed in the following sub
sections.

7.2 HYDROLOGIC MODELLING

7.2.1 Adopted model

According to the NS2B EIS, the 2011 flood event was added to the model calibration to
confirm and validate the model calibration and provide more confidence in the modelling
results due to the uncertainties associated with the 1996 flood event model. Yet FFJV have
run the design flood events using a different URBS model configuration to the configuration
they used for the 2011 event calibration. In my opinion, this is a major technical
shortcoming in the design event analyses and does not reflect current best practice and
ARR guidelines.

In response to one of my queries, FFJV have acknowledged that the design event modelling
was undertaken with a different configuration of the URBS model to that used for the 2011
flood event. The stated reason for this is that FFJV used the DPIE model calibrated to the
1996 flood event as the basis for their design event analyses because the FFJV modellers
had to provide design discharge information to the wider design team when the 2011
model calibration was still in progress. It is not known why the design discharge
information was not updated with a properly calibrated model once the 2011 calibration
was completed. This appears to suggest that the design discharges and flood levels used
for the Reference Design and the flood impact assessment are not based on FFJV’s latest
calibrated models and the Reference Design has been undertaken with preliminary (not
the latest) design discharges and flood levels. This information is not presented in Chapter
13 and Appendix H of the NS2B EIS.

The URBS model used for the Macintyre River design event analysis (and therefore the
Reference Design) does not include the Pindari Dam, which is likely to influence design
discharges in the Macintyre River, and therefore the downstream design flood levels.

7.2.2 Adopted approach

FFJV have undertaken design event modelling using an approach that is not consistent with
the current ARR guidelines (see Section 4). As a consequence, the design event analyses
have been undertaken using inappropriate design rainfalls, rainfall aerial reduction
factors, rainfall temporal patterns and rainfall losses. This is most likely the reason why
FFJV had to reduce (i.e. factor down) all their design inflows into the hydraulic model by
30% (see Section 8.2.4 of Appendix H, NS2B EIS). This is likely to have also resulted in
significant reductions in modelled flood volumes (in addition to the reduction in flood
volume caused by the omission of local catchment inflows) possibly explaining why the
design event results are not consistent with calibration event results (see Section 7.3.4).
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7.2.3 Critical storm durations

The adopted approach also may have resulted in the selection of inappropriate critical
storm durations for the catchment draining to NS2B rail alignment for reasons discussed
below.

Based on Appendix H (Table 8.5) of the NS2B EIS and the provided modelling data and
results, it appears that the TUFLOW model has not been run for some of the contributing
catchment critical storm durations. For example, FFJV have estimated the critical duration
for Macintyre Brook at Booba Sands for all AEPs to be 72 hours, the critical duration for
Dumaresq River at Beebo for the 20% AEP to be 36 hours, and the critical duration for
Macintyre River at Holdfast for AEPs up to 5% AEP to be 96 hours. Yet, based on model
input and output files provided for review, there is no evidence to show that FFJV have
run their TUFLOW model for these durations.

Further, the critical durations for the Macintyre River at Boggabilla and Goondiwindi are
likely to be longer than the critical durations at the upstream inflow gauging stations.
Based on model files and results provided for review, no hydraulic modelling has been
undertaken for durations greater than 48 hours for the 1% AEP event and greater than 72
hours for the more frequent events. This is could potentially have a significant impact on
the design event results for the full range of flood events modelled for the BS2B flood
modelling.

In response to one of my queries, FFJV have stated that a ‘full critical duration assessment
was previously undertaken up to and including the 96 hour duration’. They have also
stated that, ‘from this earlier work a reduced suite of durations was selected for iterations
of the design to be able to complete the modelling in a realistic timeframe’. Details of this
earlier work and its results have not been available for this review.

7.3 HYDRAULIC MODELLING

7.3.1 General

There are question marks on the accuracy, reliability and robustness of the hydraulic
modelling undertaken and its results used for the Reference Design because of the
shortcomings in hydrologic and hydraulic modelling, including model configuration, model
input and model calibration, as identified and described earlier in this report.

It appears that shortcomings in the flood modelling undertaken by FFJV have resulted in
unreliable and inconsistent results. Based on information that was made available to me, |
have picked up some of the issues potentially causing modelling inaccuracies, which are
discussed below.

7.3.2 Minor waterway modelling

Mobbindry Creek, Back Creek, Forest Creek and Strayleaves Creek inflows input to the
TUFLOW model do not appear to be consistent with the URBS model outputs for these
creeks.

For Mobbindry Creek and Back Creek, the residual inflows downstream of the hydraulic
model upstream boundaries representing 16% of the Mobbindry Creek and 29% of the Back
Creek catchments upstream of the proposed rail line are not accounted for in the model.
In my opinion, this could have a significant impact on the sizing of hydraulic structures at
these creek crossings.

For Forest Creek and Strayleaves Creek, all adopted local inflows appear to be a scaled
version of each other, with the same hydrograph shape and timing at all inflow locations
along these creeks as shown in Figure 7-1. It also appears that the same inflow has been
incorrectly allocated to two locations (labelled NS20024) along Strayleaves Creek as shown
in Figure 4-5.

In response to one of my queries, FFJV have stated that, with regards to the Forest Creek
and Strayleaves Creek inflows, the same rainfall depth information and temporal patterns
are applied to each of the URBS model sub-catchments. Therefore, the subarea runoff will
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be similar and be proportional to the sub-catchment area. They have also noted that the
local inflows applied to the hydraulic model only have a small degree of routing through
the URBS model. | note that, based on the adopted subcatchment inflow hydrographs
shown in Figure 7-1, no subcatchment routing is apparent.

In addition, it appears that some of the critical durations as per the URBS model results
have not been run through the TUFLOW model. In response to one of my queries, FFJV
have stated that a ‘full critical duration assessment was previously undertaken’ and that
‘from this earlier work a reduced suite of durations was selected for iterations of the
design to be able to complete the modelling in a realistic timeframe’. Details of this
earlier work and its results have not been available for this review.

7.3.3 Impact of miscellaneous infrastructure

The modelling undertaken for the Reference Design does not include miscellaneous
infrastructure that would be associated with the proposed rail line (fencing, road works,
property access road upgrades, etc). These will need to be included, and their impacts
assessed and mitigated, in modelling undertaken for the Detail Design.

7.3.4 Inconsistent results

FFJV have reported the AEPs of the three modelled historical flood events at Boggabilla as
follows:
e February 1976 event - an AEP of between 1 in 200 (0.5%) and 1 in 500 (0.2%), with
concurrent flooding in the Dumaresq and Macintyre rivers;
e January 1996 event - an AEP of between 1 in 30 (3.33%) and 1 in 50 (2.0%), with
concurrent flooding in the Dumaresq and Macintyre rivers;
e January 2011 event - an AEP of between 1 in 60 (1.67%) and 1 in 75 (1.33%).

Figure 7-2, Figure 7-3 and Figure 7-4 show a comparison of the modelled February 1976,
January 1996 and January 2011 event peak flood levels with the modelled 1% AEP peak
flood levels. These figures show some apparently significant inconsistencies between the
modelled historical flood event and the modelled 1% AEP design event results.

e The 1976 peak flood levels are expected to be higher than the 1% AEP peak flood
levels because the 1976 event has been determined to be between a 1 in 200 and 1
in 500 AEP event. However, for the Macintyre River reach between Boggabilla and
Goondiwindi, parts of the floodplain between the Newell Highway and the proposed
rail corridor and the Ottleys Creek floodplain, the modelled 1% AEP peak flood
levels are higher than the 1976 peak flood levels (see Figure 7-2). The reasons for
this apparent inconsistency are not explained.

o Itis likely that in some of the floodplain areas the 1976 flood levels may be
lower due to changes in the floodplain topography (including levee
construction) between 1976 and 2019. However, this does not appear to be the
reason for apparent inconsistencies in all parts of the floodplain;

o0 Itis unclear why the modelled 1% AEP flood levels between Boggabilla and
Goondiwindi are higher than the 1976 flood levels when the latter event has
been determined to be much more severe; and

o The impact on modelled flood levels along the minor southern tributaries and
the southern end of the Macintyre River floodplain to the immediate west of
the NS2B alignment due the 1976 calibration not including these tributary
inflows is readily apparent. The interaction between these creeks and the
Macintyre River floodplain is missing in the model calibration.

e The 1996 peak flood levels are expected to be lower than the 1% AEP peak flood
levels because the 1996 event has been determined to be between a 1in 30 and 1 in
50 AEP event. However, for the Macintyre River upstream of its confluence with the
Dumaresq River including Ottleys and Scrubby creeks, and a significant part of the
Whalan Creek floodplain, the modelled 1% AEP peak flood levels are lower than the
1996 peak flood levels (see Figure 7-3). The reasons for this apparent inconsistency
are not explained. Again, the impact on modelled flood levels along the minor
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southern tributaries and the southern end of the Macintyre River floodplain to the
immediate west of the NS2B alignment due the 1996 calibration not including these
tributary inflows is readily apparent. The interaction between these creeks and the
Macintyre River floodplain is missing in the model calibration.

e The 2011 peak flood levels are expected to be lower than the 1% AEP peak flood
levels because the 2011 event has been determined to be between a 1 in 60 and 1 in
75 AEP event. However, for Ottleys and Scrubby creeks, the 1% AEP peak flood
levels are lower than the 2011 peak flood levels. The reasons for this apparent
inconsistency are not explained.

0 It appears that the inconsistent and higher modelled Ottleys and Scrubby creek
flood levels are due to the application of incorrect Ottleys Creek boundary
inflows in the hydraulic model (see Section 5.3.2.4).

0 Again, the impact on modelled flood levels along the minor southern
tributaries and the southern end of the Macintyre River floodplain to the
immediate west of the NS2B alignment due the 2011 calibration not including
these tributary inflows is readily apparent. The interaction between these
creeks and the Macintyre River floodplain is not included in the model used for
calibration.

7.3.5 Flood impact maps

In response to one of my queries, FFJV have acknowledged that the design flood impact
maps presented in Chapter 13 and Appendix H of the NS2B EIS are not accurate, especially
for the southern minor creek (Mobbindry Creek, Back Creek, Forest Creek and Strayleaves
Creek) crossings of the proposed NS2B rail alignment. FFJV have indicated that they have
re-checked the smaller creeks flooding for both the Macintyre River system critical storm
durations and their individual critical storm durations. Upon re-checking their published
mapping, they have found that the maps published in the EIS reports show the smaller
creek affluxes only for the Macintyre critical duration impact, rather than the actual
critical impact duration for the smaller creeks. They have undertaken to correct this error
in future reporting and provided updated afflux maps for review.

FFJV believes the corrected impact results generally comply with the flood impact
objectives set for the NS2B rail line and are similar to those that have been currently
reported. However, they also state that the corrected mapping shows some additional
impacts especially along the southern tributaries for their critical durations that are higher
than currently reported and exceeding the flood impact objective limits set for the NS2B
project. In addition, FFJV have stated they propose to include this updated mapping
information in their Submissions and Preferred Infrastructure Report which follows the
public exhibition period.

Figure 7-5 to Figure 7-9 show the updated flood impact maps for 20% AEP to 1% AEP design
flood events along the NS2B alignment, including the locations where the impacts exceed
the flood impact objective limits. These flood maps also show that:

e The flood impacts of the proposed rail line vary for different flood magnitudes.

e The flood impacts are generally in areas immediately upstream and downstream of
the proposed rail alignment.

e There are upstream impacts that are greater than the flood impact objective limits
upstream of the Whalan Creek floodplain crossing for all flood events larger than a
20% AEP event.

o For some of the mapped events, there are localised areas with impacts greater
than 0.5 m, and other areas with impacts between 0.2 m and 0.5 m.

o For some events (e.g. 5% AEP) there also appears to be some redistribution of
flows near this crossing.
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e At the Strayleaves Creek crossing, there are upstream impacts that are greater than
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the flood impact objective limits upstream of the rail line for all flood events
shown.

o For the mapped events, the flood impacts generally increase with flood
magnitude.

0 There are some localised areas with impacts greater than 0.5 m for the larger
flood events.

At the Forest Creek crossing, the flood impact results appear to be inconsistent with
the results at the other crossings. At this crossing, the developed conditions
upstream flood levels are lower than the existing conditions flood levels for the
smaller flood events and higher for the larger flood events.

0 It appears that the TUFLOW model here is not configured correctly for the
existing hydraulic structures near this crossing. FFJV have proposed refined
modelling of this area during Detail Design.

o For the larger flood events, there are localised areas with impacts greater than
the flood impact objective limit, with the impacts generally increasing with
flood magnitude.

At the Back Creek crossing, the flood impact results appear to be inconsistent with
the results at the other crossings. At this crossing, the developed conditions
upstream flood levels are lower than the existing conditions flood levels for the
smaller flood events and higher for the larger flood events.

0 It appears that the TUFLOW model here is not configured correctly for the
existing hydraulic structures near this crossing. FFJV considers the existing
conditions modelling at this crossing as appropriate and believes the results at
this crossing are influenced by an access road directly upstream that acts as a
low level causeway.

o For the larger flood events, there are localised areas with impacts greater than
the flood impact objective limit, with the impacts generally increasing with
flood magnitude.

e At the Mobbindry Creek crossing, there are upstream impacts that are greater than
the established flood impact objective limits upstream of the rail line for all flood
events shown.

o For the mapped events, the flood impacts generally increase with flood
magnitude.

0 There are some localised areas with impacts greater than 0.5 m for the larger
flood events.
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Figure 7-1 - Adopted local inflows along Strayleaves Creek, 1% AEP, 12 hours design event
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Figure 7-2 - Differences in modelled peak flood levels between the 1976 event and the 1% AEP design event
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Figure 7-3 - Differences in modelled peak flood levels between the 1996 event and the 1% AEP design event
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Figure 7-4 - Differences in modelled peak flood levels between the 2011 event and the 1% AEP design event
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Figure 7-8 - Updated flood impacts for the 2% AEP design event
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Figure 7-9 - Updated flood impacts for the 1% AEP design event
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8 Summary of findings

8.1 OVERVIEW

There are significant technical shortcomings in the flood modelling undertaken for the
NS2B section Reference Design of the Inland Rail Project. These shortcomings are in all
aspects of the modelling undertaken including hydrologic and hydraulic modelling
approaches, model configurations, model calibrations, flood frequency analyses and design
event analyses.

The cumulative impact of all the individual shortcomings identified in this report could
potentially be significant but is currently unknown. However, it is possible to say that, as a
result of the identified shortcomings, there is considerable uncertainty on the accuracy,
reliability and robustness of the flood modelling and modelling results that have been
presented in the NS2B EIS for both existing and developed conditions. Therefore, there is
considerable uncertainty regarding the predicted flood impacts as well.

In my opinion, several aspects of the flood modelling undertaken for the NS2B alignment
do not reflect current best practice, and are not compliant with current ARR standards and
guidelines. As a consequence, | believe the flood modelling undertaken for the NS2B
project does not appear to meet the requirements of SEARs condition 8.2.a.

8.2 FLOOD MODEL CONFIGURATIONS

The URBS model has been used for hydrologic modelling and the TUFLOW model has been
used for hydraulic modelling. The adopted models are appropriate for flood modelling
undertaken for the proposed NS2B project.

The hydrologic models used comprise four URBS models for the four major waterways
(Macintyre River, Macintyre Brook, Dumaresq River and Ottleys Creek) and the four URBS
models for the four minor waterways (Mobbindry Creek, Back Creek and Forest Creek)
crossing the NS2B alignment. The Macintyre River, Macintyre Brook and Dumaresq River
URBS models have been sourced from the DPIE. New URBS models have been developed for
Ottleys Creek, Mobbindry Creek, Back Creek, Forest Creek and Strayleaves Creek.

A single TUFLOW model incorporating the upstream inflows predicted by each of the above
URBS models has been developed for the modelled area. The adopted FFJV TUFLOW
model, which is a cut-down version of the DPIE TUFLOW model used for the BRVFMP,
covers an area of about 2,600 km?. The DPIE TUFLOW model covered an area of about
11,000 km?2.

There a number of technical shortcomings in the adopted URBS and TUFLOW model
configurations. The adopted model configurations are not sufficient to accurately assess
the existing and proposed flooding behaviour in the modelled area for the full range of
design flood events up to the PMF. The shortcomings identified in this report could have
potentially significant impacts on the accuracy and reliability of the flood modelling that
has been undertaken for the NS2B Reference Design.

Based on current ARR guidelines, the ‘focal’ point of the FFJV hydrologic modelling for the
Reference Design should be Boggabilla or the proposed NS2B rail line crossing of the
Macintyre River. The adopted modelling approach and model extent have not used the
correct focal point for the NS2B flood modelling. As consequence, FFJV have undertaken
their design event modelling with inappropriate model inputs for design rainfalls, rainfall
temporal patterns, rainfall aerial reduction factors and rainfall losses. The magnitude of
inaccuracy introduced by the adopted approach is unknown but could potentially be
significant.
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Based on the available DEM and local landholder accounts, there are potential interactions
between Macintyre Brook and Kippenbung Creek as well as Brigalow Creek at Yelarbon, as
well as Macintyre River and Brigalow Creek upstream of Goondiwindi, during large flood
events. It appears that these potential interactions have not been adequately considered
when configuring the hydraulic model for large flood events. This means that the adopted
TUFLOW model configuration may not accurately represent large flood events.

The local (residual) catchment inflows downstream of Macintyre Brook (at Booba Sands),
Dumaresq River (at Beebo), Macintyre River (at Holdfast) and Ottleys Creek (at Macintyre
River confluence) are not included in the TUFLOW model. This means that the local inflows
from an area of approximately 3,250 km? are not accounted for in the hydraulic model.

There are a number of local creeks that cross the NS2B alignment. These creeks that drain
towards Whalan Creek include Mobbindry Creek, Back Creek, Forest Creek and Strayleaves
Creek. Inflows from these four minor waterways have not been used in model calibration
and have been input to the hydraulic model only for the design event modelling. Further,
the design inflows adopted in the TUFLOW model are not consistent with the URBS model
outputs for the respective creeks.

The adopted TUFLOW model inflow boundaries poorly represent inflows and raise a
number of significant issues with respect to the accuracy and reliability of model results,
including:

o Calibration events have only 4 upstream total inflows. There are no local inflows
for an area of approximately 3,250 km? not covered by the hydrologic models plus
the minor tributaries covering 467 km? for which no flows have been included (a
total area of about 3,700 km?). This means that the TUFLOW model has been
calibrated with lower than actual inflows to the modelled area.

e Some of the major waterway inflows are input to the TUFLOW model several
kilometres in from the model boundary (e.g. Ottleys Creek, Macintyre River). This
would allow some of the inflows to also propagate upstream rather than only
downstream along the channel, especially in flat floodplains such as in the
Macintyre river system.

e Some of the major waterway inflows are input to the TUFLOW model several
kilometres downstream or upstream from the locations where the inflows were
derived (e.g. Macintyre Brook, Ottleys Creek). In the case of Macintyre Brook, this
would prevent potential breakouts into Kippenbung Creek, Brigalow Creek, etc
during large flood events.

The TUFLOW model has been configured using a 30 m grid size. The adoption of a 30 m cell
size is understandable when looking at the totality of the model domain. However, this
grid size appears to be too coarse and inappropriate for representing some of the channels
and drainage features in the vicinity of the proposed rail alignment. A sensitivity run
undertaken by FFJV has shown that a 15 m grid sized hydraulic model predicted peak flood
levels are generally lower by about 50 mm across the modelled area and by about 150 mm
along the NS2B alignment. This is a significant reduction in peak flood level in the context
of the Macintyre River floodplain near Boggabilla where a 100 mm difference in peak flood
level represents a few thousand cubic meters per second difference in peak Macintyre
River discharges through the modelled area.

A number of cross drainage structures along the existing rail and road alignments do not
appear to be adequately represented in the TUFLOW model under existing conditions (e.g.
road cross drainage and bridge structures), but are being represented by proposed
drainage structures under developed conditions (e.g. Mobbindry Creek, Back Creek).

8.3 MODEL CALIBRATION

FFJV’s URBS and TUFLOW models have been calibrated against 3 historical flood events,
namely February 1976, January 1996 and January 2011 events. Of these, the DPIE had

calibrated their hydrologic and hydraulic models to the February 1976 and January 1996
events. FFJV have accepted and used the DPIE’s hydrologic models and their calibrations
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with little or no change for their NS2B flood modelling. Based on their review of the DPIE
models, FFJV have stated that the DPIE URBS model calibrations for the 1976 and 1996
events are reasonable and therefore there was no justification not to adopt DPIE
calibration.

There a number of technical shortcomings in the adopted model calibration and the
adopted calibration methodology is not consistent with current best practice. The primary
shortcoming is the use of different model configurations with different routing
characteristics for the different calibration events. As a consequence, in my opinion, the
adopted models are not sufficiently reliable to assess the existing and post-NS2B flooding
behaviour in the study area. These shortcomings would have an impact on the accuracy
and reliability of the flood modelling that has been undertaken for the NS2B Reference
Design.

The current modelling best practice, including the current ARR guidelines, requires
hydrologic model calibrations to multiple historical flood events to be achieved with the
same model and with a common (i.e. average or weighted) set of model parameters. In
other words, FFJV should have used the same URBS models with a common set of model
parameters for all three calibration events. This has not been done for the NS2B flood
modelling.

8.4 FLOOD FREQUENCY ANALYSIS

For the reconciliation of hydrologic model design event discharges with FFA results for the
catchments upstream of the hydraulic model area, FFJV have used GEV frequency
distributions to fit peak annual discharges at Macintyre Brook at Booba Sands, Dumaresq
River at Farnbro, Macintyre River at Holdfast and Ottleys Creek at Coolatai stream gauging
stations when LPIII frequency distributions provide better fits to recorded peak discharges
at these stations.

In the absence of calibration data, the URBS model results for Mobbindry Creek, Back
Creek, Forest Creek and Strayleaves Creek have been validated against RFFE estimates.
This adopted approach is appropriate. However, this model validation has been undertaken
against the RFFE results for the 1% AEP event only.

The RFFE estimates at all four locations used to reconcile the URBS model results are
based only on 30 to 40 years of recorded discharges at the nearest stream gauging stations.
Therefore, the RFFE estimates at these stations are likely to be reliable only for AEPs up to
5% at best. The 1% AEP results used for the URBS model validations would be the least
reliable of the RFFE estimates available for model validations. A comparison of the
adopted URBS design discharges and RFFE results shows that the URBS discharges for the
more frequent events are significantly higher than the RFFE estimates. For example, for
the 20% AEP events, the URBS model estimates for the four minor waterways are between
78% and 174% higher than the RFFE estimate, and for the 10% AEP event, the URBS model
estimates are between 50% and 111% higher than the RFFE estimates.

The Boggabilla stream gauge is the key reconciliation point for the combined hydrologic
and hydraulic modelling for the NS2B alignment. FFJV state that the Boggabilla rating is
reasonably consistent with gauged flows, except for rated flows higher than the highest
gauged flow of about 3,500 m3/s. Therefore, as stated in the BS2B EIS, a good
reconciliation between the FFA results and the design discharges at Boggabilla should have
been achieved for events more frequent than the 1% AEP. This has not been achieved.

Hydraulic model predicted design discharges at Boggabilla for all events between 20% AEP
and 1% AEP are considerably higher than the FFA results. For example, the modelled

20% AEP design discharge at Boggabilla is about 18% higher than the FFA and the modelled
10% AEP design discharge is about 28% higher than the FFA. In my opinion, these
differences between FFA and TUFLOW model results are too large.
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8.5 DESIGN EVENT MODELLING

FFJV have added the 2011 flood event to the model calibration to confirm and validate
their model calibration and provide more confidence in the modelling results due to the
uncertainties associated with the DPIE 1996 flood event model. Yet, FFJV have run the
design flood events using a different URBS model configuration to that used for the 2011
event calibration. In my opinion, this is major technical shortcoming in the design event
analyses and is not in accordance with current best practice and current ARR guidelines.

FFJV have acknowledged that the design event modelling was undertaken with a different
configuration of the URBS model to that used for the 2011 flood event. The stated reason
for this is that FFJV had to use the DPIE model calibrated to the 1996 flood event as the
basis for their design event analyses because the FFJV modellers had to provide design
discharge information to the wider design team when the 2011 model calibration was still
in progress. It is not known why the design discharge information was not updated with a
properly calibrated model and once the 2011 calibration was completed. This indicates
that the design discharges used for the Reference Design and the flood impact assessment
are not based on FFJV’s latest calibrated models and the Reference Design has been
undertaken with preliminary (not the latest) design discharges. This issue is not identified
in Chapter 13 and Appendix H of the NS2B EIS.

The design event modelling approach undertaken by FFJV has not followed the
recommendations of the current ARR guidelines for the selection of design rainfalls,
rainfall aerial reduction factors, rainfall temporal patterns and rainfall losses.

8.6 POTENTIAL IMPACTS NEAR THE PROPOSED RAIL
ALIGNMENT

To provide an accurate, reliable and robust assessment of the impacts of the proposed rail
alignment, the flood models developed and used for the NS2B Reference Design should
accurately simulate existing floodplain conditions for the full range of flood events up to
the PMF prior to these models being used for the developed conditions and flood impact
assessment. Without an accurate Existing Conditions model it would not be possible to
accurately assess whether the potential flood impacts of the NS2B project would be within
the flood impact objectives.

There are question marks on the accuracy, reliability and robustness of the hydrologic and
hydraulic modelling undertaken and their results used for the Reference Design because of
the hydrologic and hydraulic modelling shortcomings identified and described in this report
including in model configurations, model inputs and model calibrations. The cumulative
impact of these identified shortcomings is not known. Therefore, there is significant
uncertainty regarding the accuracy of the predicted flood impacts of the proposed NS2B
rail line.

8.7 POTENTIAL IMPACTS ON GOONDIWINDI

FFJV have acknowledged that the flood modelling undertaken to date for the NS2B project
is not sufficiently accurate or suitable for reliable flood investigations in the Goondiwindi
town area. Therefore, the flood impacts on Goondiwindi predicted by the FFJV models are
not expected to be accurate. However, based on the provided FFJV model results, the
flood impacts of the NS2B project on the Goondiwindi town are likely to be much less
significant than at the NS2B alignment.
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In response to my queries, FFJV have acknowledged most of the flood modelling
shortcomings identified and described in this report. However, FFJV maintain that the
flood modelling and model results presented in Chapter 13 and Appendix H of the NS2B EIS
are appropriate and sufficiently accurate for the purposes of the Reference Design.

FFJV have indicated that current Reference Design flood modelling can be refined further
during Detail Design. The refinements the FFJV have indicated they will consider include:

e Changing the focal point of the hydrologic modelling and extending the URBS models
to include the Boggabilla and Goondiwindi stream gauges;

e Improving the TUFLOW model configuration, including placement of model inflows;
e Revisiting and improving the model calibrations;
e Using a finer grid TUFLOW model; and

e Using a joint probability assessment (JPA) to address some of the issues associated
with standard modelling practice such as assumptions on uniform temporal patterns,
partial area effects, aerial reduction factors, etc.

| endorse the above FFJV undertaking to address the current flood modelling shortcomings.

FFJV have already identified the approximate flood impacts of some of the modelling
shortcomings identified in this report by undertaking model sensitivity runs. The results of
these runs have shown approximately 150 mm reduction in flood levels along the NS2B
alignment with a finer hydraulic model grid size and up to 20 mm reduction in flood levels
along the NS2B alignment due to the exclusion of Pindari Dam in the hydrologic model. The
potential flood impacts of the various modelling shortcomings identified to date, as well as
the cumulative impact of all the identified shortcomings in this report, across the full
range of flood events that have to be investigated are currently unknown.

I recommend that the above refinements identified by FFJV, except for the JPA, as well as
the additional shortcomings identified and described in this report be addressed and
completed prior to the finalisation of the Reference Design. In my opinion, this is required
to provide accurate and reliable information, as well as confidence in the accuracy of
information provided to the community and other stakeholders on the existing and future
flooding behaviour in the modelled area for the full range of flood events up to the PMF,
and the flooding impact of the NS2B rail line during these events.

This report has also identified and described a number of errors and inaccurate statements
in the current NS2B EIS reporting, including flood mapping. | recommend that these
reporting errors also be addressed.

The model configuration for the Reference Design does not include miscellaneous
infrastructure associated with the proposed rail line (fencing, road works, property access
road upgrades, etc). These will need to be included, and their impacts assessed, in the
modelling undertaken for the Detailed Design.
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