





HRELNE KHETT MRS

Technical Report

Contents

. Introduction
2. Study Area and Data Availability

2.1, Study Area
2.2, Data Availability

3. Hydrologic Modelling

3.1, WT42 model

3.2. URBS model

3.3. January 2011 Rainfall Inputs

3.3.1. Method for deriving sub-area rainfalls

3.3.2. Review of rainfall data

3.3.3. Rainfall gauge locations

3.3.4. Sub-area rainfalis

3.4. Initial Calibration of hydrologic models to January 2011 Event

4. Hydrodynamic Model Development

4.1. Past Hydrodynamic Models of the Lower Brisbane River
4.2. Review of 2005 MIKE 11 Model
4.3. Revised Hydrodynamic Model
4.3.1. Terrain Data

4.3.2. Model Schematisation

4.33. Link Channels

4.3.4. Storage Areas

4.3.5. Bend Losses

4.3.6. Channel Geomelry

43,7, Roughness

4.3.8. Fluvial Structures

4.3.9. Boundary Conditions

4.3.10. Model Setup and Parameters

5. Rating Curves at key Brisbane River gauges

5.1. Available Data
5.2. MIKE 11 Model Results
5.3. Updated Rating Curves
54. Implications
6. Calibration of Hydrodynamic Model to January 2011 Event

6.1. January 2011 Inflows
6.2. Calibration methodology
6.3. Comparison of modelled and recorded levels at key sites

SINCLAIR KNIGHT MERZ

OENWProjects\QED990 1\ TechnicalAdditionaltModelling\DeliverablestBnsbane River Hydrodynamic Medelting_Vers3.docx

o 0O M D LWN N =

PAGE|







ENCLJS KENT MERY

Technical Report

Document history and status

Revlslon Date issued Reviewed by Approved by Date approved | Revision type
Draft 0 22/06/2011 Peter Hil Peter Hill 22/06/2011 Prefiminary draft for
discussion
Draft A 22/06/2011 Rory Nathan Pat Nixon - 221062011 Draft
Version 1 24j06/2011 Rory Nathan Pat Nixon 24{6/2011 Version 1
Version 2 07/06/2011 David Stephens | Pat Nixon 07/06/2011 Version 2
Version 3 03/08/2011 Peter Hifl Pat Nixon 05/08/2011 Version 3
Rory Nathan
Distribution of copies
I;'\;e\'.'Is'lon ' Copy no ' Quantity Issued to
Draft 0 1 via emaif Terry Malone, John Tilbaldi
Draft A 1 via email Terry Malone, John Tilbaldi
Version 1 1 pdf via email Terry“l'\délone, John Tibaidi
Version 2 1 pdf via email Terry Malone, John Tibaldi
Version 3 ) 1 pdf via email Terry Malone, John Tibaldi
Printed: - 5 August 2011

Last_ saved:
File name:

Project manager:
Report Author:

Name of organisation:
Name of project:
Name of document:
Dacument version:

Project number:

SINCLAIR KNiGHT MERZ

© 5 August 2011 09:50 AM

IAQENVYProjects\QEQ9901\Technical\AdditionalModelling\Deliverables\Brisbane River
Hydradynamic Modelling_Vers3_WithTrackChanges.docx

Peter Hill

Peter Hill, Kristen Sih, David Stephens, Adam Cambridge

Seqwater

Brisbane River Hydrodynamic Modelling .

Technical Report
Version 3

QEQ9901

IQENWProjects\QECI90\ TechnicaMdditionatd odellingiDeliverables\Brisbane River Hydrodynamic Medslling_Vers3.docx

PAGE iit




HECLWE OMENT HrRd

Techinical Report

1. Introduction

Following the significant flood in the Brisbane River in January 2011, SKM were
appointed by South East Quecnsland Water (Seqwater) to jointly calibrate hydrologic
and hydrodynamic models of the Lower Brisbanc River. These models were developed
to gain further understanding of the 2011 flood and allow a range of different operating
scenarios to be assessed for Wivenhoe Dam.

Although there arc a number of tools and approaches available for flood estimation, at
the request of Scqwater this study has made use of the WT42 and URBS hydrological
models and the 2005 version MIKE {1 model that have been developed in other
studics. The URBS hydrologic model was developed by Seqwater and Terry Malone
provided assistance during the course of the study in revicwing the available data and
calibrating the model.

The following scctions of the report cover:

» A summary of the Lower Brisbane River and the available hydrologic data
»  Comparison of the WT42 and URBS hydrologic models

s The revicw of existing hydrodynamic models of the Lower Brisbane River and the
development of an enhanced model

»  Dcrivation of rating curves at key Brisbance River gauges

n  Calibration of the hydrodynamic model to river levels recorded during the January
2011 Flood

»  Application of the hydrodynamic model to assess altcrnate scenarios related to the
prescence and operation of Wivenhoe Dam

»  Summary and conclusions fromn the study

SINCLAIR KNIGHT MERZ
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2. Study Area and Data Availability

21. Study Area

The foeus of this study is on the Lower Brisbanc River catchment, and in particular the
portion that extends from Wivenhoe Dam to the mouth of the Brisbane River gauge, as
shown in Figurc 2-1. This study area was choscn due to the focus of the Commission
of Inquiry on the operation of Wivenhoe Dam.

The hydrofogic models (described in Section 3) extend across the whole of the
Brisbanc River catchment, but as Wivenhoe Dam controls the upstreain catchment, the
upper catchment has not been considered in the model calibration,

The hydrodynainic model (described in Section 4) has been based on a model
developed by various consultants and used for various purposes (scc Section 4.1).
New terrain data has been made avaifable, and this has been used to review and update
thc model schematisation for the Brisbane River. It should be noted that the Lockyer
Creek and Bremer River reaches of the model have not been reviewed. If future work
is undertaken using the model developed as part of this study then the remainder of the
study cxtent should be examined and improved as appropriate.
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do not have an “official” rating to convert the recorded Ievels to estimated flow, This is
the casc for many of the ALERT watcr level gauges (shown as black dots in Figure
2-2), although unofficial ratings have been developed for many of these sites by
intercsted agencics, There are at least 16 DERM river gauges in the Brisbane River
below Wivenhoe Dam, and key stations from which data was colleeted for the January
2011 event are marked in red in Figure 2-2. Even some of these gauges did not provide
rcliable flow infortnation for the January 2011 event for the following reasons:

»  143203c Lockyer Ck at Helidon — Failed on 10" January 2011 before recording
the peak.

x 1432108 Lockyer Ck at Rifle Range Rd — Large flows are understood to by-pass
the gauge and the existing rating only reflects the in-channc! flow.

n  143207A Lockyer Ck at O’Reillys Weir — This gauge is backwater affected by
flow in the Brisbane River and cannot be reliably rated.

There is another gauge on Lockyer Creek at Lyons Bridge that is located at an old
DERM site and therefore has some historical rating information available, but this
rating only reflects the in-channel flow, and so was not useful during the January 2011

event.

A summary of the proportion of the catchments that have rated gauges that could be
used to estimate flows in the January 2011 event is shown as shaded areas in Figure
2-2. This shows that across the whole of the Brisbanc River catchment below
Wivenhoe Dam, it is possible to estimate flow from about 40% of the arca using
gauges, In particular, only 30% of the Lockyer Creek catchment is gauged, which has
caused the estimation of total outflow from the Lockycr Creck to be problematic. This
highlights the importance of using a hydrologic model to estimate flows in the
catchment.

It also necds to be recognised that in many cases, the rating at the DERM sites are
based upon relatively small {lows. This means that the relationship between river level
and flow magnitude has been extrapolated for higher flows, resulting in there being
less confidence in the flow estimates for higher stages. Appendix R of the January
2011 Fload Event report (Seqwater, 201 1a) contains comments on the reliability of
ratings at most stations. Section 5 provides an analysis of key river gauges along the
Brisbanc River using the hydrodynamic model, in order to provide greater rigour in
estimates of higher flows.
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3. Hydrologic Modelling

3.1. WT42 model

The latest version of the WT42 modecl was first developed in 1992 to assist in the
operation of Somerset Dam and Wivenhoe Dam. The main aim of that projeet was to
refine existing models so-that they couid then be used in a flood management model.
However, the model was also used to revise design floods for the storages and
undertake dambreak flood modeliing downstream of the storages. The model layout is
shown in Figure 3-1, with each of the sub-catchments shown having separate model

paraincters specified for them,

The WT42 model was calibrated to seven historical cvents (July 1965, March 1967,
Junc 1967, December 1971, January 1975, January 1976 and Junc 1983) at up to 21!
river gauge locations (South East Queensland Water Board and Natural Resources
Queensiand, 1992). The gauges in the lowcst part of the Brisbane River, such as
Ipswich, Moggill, Jindalee and Port Officc, only had reliable records for 3 or less of
these historical events. The model parameters chosen from the calibration were then
verified to three more historical events (January 1968, April 1989a and April 1989b).

The key model parameters arc the routing parameters, & and m, and initial and
continuing losscs. Consistent with the guidance from Australian Rainfall and Runoff
(1999), the m parameter was held constant at 0.8, and a summary of the adopted &
values adopted in design runs arc shown in Table 3-1.

a  Table 3-1; WT42 model parameters from South East Queensiand Water
Board and Natural Resources Queensland (1993).

Sub-Catchment - : Name Area {km?) k

" Cooyar Ck at Damsite TEN 980 436
Brisbane R at Linvilie LIN 7 1,061 20.6
Emu Ck at Boat Mountain EMU 913 53.0
Brisbane R at Gregors Ck GRE| 973 37.2
Cressbrook Ck at Cressbrook Dam CRE 7 343
Stanley R at Somerset Dam - SOM 1,328 80.7
Brisbane R at Wivenhoe Dam WiV ) 1,429 108.5
Lockyer Ck at Halidon HEL | 377 15.0
Tenthill Ck at Tenthil TEN 465 19.0
Lockyer Ck at Lyons Bridge LYO 1,590 75.0

‘Brisbane R at Savages Crossing SAV 728 40,0
Brisbane R at Mt Crosby Weir MTC 358 470
Bremer R at Walloon wAL | 626 44.0
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3.2, URBS modet

The URBS model for the Brisbane River catchment was developed by Seqwater
(2011). URBS is the most wide-spread hydrologic model for real time flood
forccasting in Australia, and is used by the Bureau of Mcteorology across Australia.

The model is similar to the WT42 model, but has a set of different routing parameters:

»  alpha = channel lag paramcter
»  beta = catchment lag parameter

» m=non-lincarity parameter (0.8, in accordance with Australian Rainfall and
Runoff)

Similarly to the WT42 model, URBS charactcriscs catchment losses using an initial
loss/continuing loss model. However, an infiltration model has been inctuded in URBS
such that the continuing loss parameter is reduced from its initial value until a
maximum infiltration capacity is rcached, at which kosses become zero. During periods
of no rain, the infiltration capacity recovers and the continuing loss is reinstated.

The model layout is shown in Figure 3-2, which shows that the eatchment has been
divided into 7 sub-catchments. The arcas associated with these catchments arc shown
in Table 3-2, along with an estimate of the alpha and befta values from calibration of
the model to the January 1974 and February 1999 cvents.

w  Table 3-2: URBS model sub-catchment areas, and range of alpha and beta
from 1974 and 1999 calibrations.

Sub-Catchment Name Area (km?) alpha beta
Stanley R to Somerset Dam STANL | 1312 [ 010-0413| 20-30
Upper Brisbane R to Wivenhoe UPPER 5678 0.10 20-25
Lockyer Ck to O'Rellly's Weir LOCKY 2974 | 0.15-0.20 3.0
“Bremer R to Walloon BREME 639 | 0.15-0.25| 2.5-3.0
Warrill Ck to Amberley WARRI 913 | 020-035| 25-3.0
Purga Ck ' PURGA 210 | 0.10-030 | 3.0-50
Lower Brisbane R - LOWER 1779 | 010-011 | 30

The URBS model of the lower Brisbane River has been configurcd with dummy
storages at key locations to mimie the behaviour of the interaction between the river
and its adjacent ﬂoodpiain. Ratings for most locations, including dependent ratings, arc
included in the model. Dependent ratings derived from a hydrodynamic model refleet
impacts such as the backwater impact at Ipswich due to high levels in the Brisbane

INQENVIProjectsiQE0990 N Technicatdditionalklodeliing\ Deliverables\Brishane River Hydredynamic Modelting_Vers3.docx PAGE 8
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3.3. January 2011 Rainfall Inputs
3.3.1. Method for deriving sub-area rainfatls

The distribution of rainfall across the catchiment has been derived using thec SUBRAIN
utility. This program is based upon the same methodology adopted by the Burcau of
Meteorology for flood forecasting (Malone, 1999). This derives a vittual pluviograph
for cach sub-area based on the nearcst pluviograph and daily rainfall stations. This

requires the following inputs:

» A list of the coordinates of the centroids of cach sub-area (*.sub);

» A list of the coordinates of each of the daily and pluviograph rainfall gauges
{(*.net); and,

« Hourly rainfall at each gauge in separate files (*.r).

The SUBRAIN utility weights the rainfall data at cach of the stations based on the
inverse square of the distance to the centroid of each sub-area. The user is able to
specify how many of the closest stations should be used, where the default value

adopted historically for the Brisbane River catchment has been 4. The sensitivity of
this assumption was tested (sec Appendix A.2) and it was found that this has a minor
impact on sub-arca rainfalls; however a value of 6 has been used.

3.3.2. Review of rainfall data

All of the rainfall data received from Scqwater was reviewed. This was undertaken
through a number of different cheeks:

n  Where the same gauge has been recorded as both daily and pluviograph, the
records were revicwed to determine the actual status of the gauge — only one
instance of the data was used as inclusion of both would have biased the
derivation of the sub-area rainfalls;

s Gauges that were commented out were investigated to determine the cause;

»  Where gauges have been specified in previous files but no data was provided by
Seqwater, a reason for this was sought;

= Where gauges have a similar name they were checked to cnsure that a location is
not included more than once (as this would bias the cstimation of the sub-area
rainfalls);

s Wherc gauges have been specificd in the January 2011 Flood Event report
(Seqwater, 201 1a), but no data was provided by Seqwater, a reason for this was
sought.

IAQENVAProjecls\QEQS90 \TechnicalidditicnaiModelingiDeliverablesiBrisbane River Hydrodynamic Madelling_Vers3.dacx PAGE 10
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. It was found that for some gauges for which Seqwater was not previously able to
obtain daily data from BoM during the event, data is now available on the BoM
website. In some cases this data had not yet been quality ehecked, but if this data was

consistent with othcr gauges in the vieinity, it was used.

Pluviograph records could not be reviewed as they are predominantly ALERT gauges
that Seqwater have the most up to date information for.

Once the verification of the data provided by Scqwater was undertaken, a comparison
was undertaken of all the gauges provided by Seqwater and BoM gauges that recorded
data in 2011. The BoM gauges included in this analysis were based on a scarch using
the data bascs available online (both through the Water Resourecs Station Catalogue
and Climate Data Online) and this confirmed that there were no additional gauges
available from BoM. '

Finally, the rainfall totals for each gauge were spatially plotted to identify anomalics in
the data recorded, Where anomalies were found, the gauges were reviewed against
data from the BoM website, Five gauges were removed from the analysis through this
process (40841, 40867, 40893, 40110, 40792 and 40963) and onc gauge was revised
using data available from the BoM (40914).

A summary of the findings of this investigation is provided in Appendix A. 1.

31.3.3. Rainfall gauge locations

The rainfall gauges available during the cvent have been assessed to deternine
whether there is any bias in their locations. Figure 3-3 shows the distribution compared
with mean annual rainfall across the eatehment (although cach event will have its own
unique spatial distribution of rainfall the mean annual rainfall has been used as an

. indicator of generally drier and wetter areas in the catchiment).

This shows that there is a slight tendeney for rainfall gauges to be located in the drier
parts of the catchment. For cxample, 30% of the catchment has a mean annual rainfall
greater than 1,000 mm but this area only has approximately 15% of the rainfall gauges.
This result is not unexpected given the higher rainfalls areas arc typically assoetated
with stecper topography which makes installation and maintenance of rainfall gauges
more difficult.
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3.4. Initial Calibration of hydrologic models to January 2011 Event

The initial calibration of both thc URBS and WT42 models was focussed on
understanding the differences in the models. The rainfall inputs described in Section

3.3 were input into the hydrologic models and the model parameters were altered in
order to gain a good fit to the flows estimated from the river gaugés. It shouid be noted
that the flow estimated at the river gauges is bascd on recorded levels that are
converted to flow using a rating table. For the majority of gauges in the catchment,
these rating tables have been estimated, and are not reliable. Rating tables for key

gauges on the Brisbane River have been revised using the hydrodynamic model, and
more¢ information on this is provided in Section 5.

The calibration fit at key locations is shown in Figure 3-5 to Figure 3-10, and these
show that the URBS and WT42 modcls both provide similar results at key locations.
The only exception to this is that the WT42 modcl provides a very peaky hydrograph
at the site on Warrill Creek at Amberley, and the cause of this is unknown. Both
hydrologic models were also used to check the estimated flow at other gauging stations

within the catchment,

The adopted model parameters are provided in Table 3-3 and Table 3-4 and thesc are
considercd to be consistent both between sub-catchments and with previous
calibrations. It should be noted that inflow for January 2011 event were further refined
using the hydrodynamic model, and this is discussed in Section 6.1.

s Table 3-3: URBS model parameters used to calibrate to the January 2011

event'.
Sub-catchment alpha beta Init{ire:‘:"I;;)ss Cont}lrlnurmg)Loss
Lockyer Ck to O'Reilly's Weir (LOCKY) 0.15 25 50 15
Bremer R to Walloon (BREME) 7 025 25 20 | 25
Warrill Ck to Amberley (WARRI) 0.40 4.0 40 _ 15
Purga Ck (PURGA) 0.40 3.0 50 15
Lower Brisbane R (LOWER) 0.10 25 50 25

' Note that m was held constant at 0.8 ;nd infiltration was held constant at 500 mm across !he‘catchmenl.

FIQENWProjects\QE0930 NTechnicahaddilionaihodsting\Detiverables\Brisbare River Hydradynamic Modefling YersJ.docx PAGE 14















Technical Report

4. Hydrodynamic Model Development

4.1. Past Hydrodynamic Models of the Lower Brisbane River

A number of reports have been reviewed and summarised to provide an overview of
past hydrodynamie modelling of the Lower Brisbane River below:

1975 (November) “Brisbanc River Flood Investigations” — Revision of the 1933 flood
map prepared by the Queensland Bureau of Industry and a river stage-flood damage
curve of the Brisbane River. Queensfand Cities Commission.

1975 “Brisbane River Flood Plain Maps of Brisbanc and Suburbs” - Flood maps were
developed using flood levels estimated using a stcady state gradually varied flow
mode! of the Brisbane River which was calibrated to the January 1974 flood event.
Queensland Survey Office.

1975 to 1976 “Wivenhoe Dam Tailwater Rating Derivation” — a backwater analysis of
the Brisbane River from Savages Crossing past the then proposed Wivenhoc Dam site
and up Wivenhoe Bridge that determined a tatlwater rating for the dam. The [rrigation
and Water Supply Commission.

1980 to 1981 “Simulation ot Outflow from Wivenhoe Dam™ — a calibrated (to cvents
ranging from 200m%/s to 7000m’s) 1D implicit SHYDRO2 unstcady hydrodynamic
model was developed of the Brisbane River from the Wivenhoe Dam to the Mount
Crosby weir for investigating the consequences of a breach to the Wivenhoe Dam
during its construction and preparing a flood manual for the Wivenhoe Dam. In 1981
the analysis was cxtended from the Mount Crobsy weir to the Brisbane River Mouth,

The Queenstand Water Resources Commission.

1985 “Report on Investigations into the Effects of Sewage Disposal to the Brisbane
River” — a hydrodynamic modcl of the tidal reaches of the Brisbane River was
devcloped for the purposes of investigating scwage disposal in the Brisbane River.

Department of Local Government.

1989 “Preliminary Dambreak Analysis of Wivenhoc Dam” — an implicit unsteady
DAMBRK hydrodynamic modcl was developed to investigate the effect of a ‘Sunny
day’ failure to the Wivenhoe Dam for assisting the State Emergency Service counter
disaster planning. Water Resonrces Commission.

1994 “Brisbanc River and Pinc Flood Study™ — a calibrated (to July 1973, January
1974, the carly and late April 1989 events} hydrodynamie Rubicon hydrodynamic
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model of the Brisbane River from the Wivenhoe Dam to the Morcton Bay was
developed to investigate the risks of flooding if the Wivenhoe Dam and/or the
Somerset Dam were to fail, and provide a tool for potentially providing a real time
flood warning and forccasting seheme. South East Queensland Water Board.

1998 “Brisbane River Flood Study” — a calibrated (to cvents January 1974, May 1996,
June 1983, and late April 1989) hydrodynamic MIKE 11 hydrodynamic model was
developed of the Brisbanc River for informing flood plain planning decisions, flood
forceasting (PROPHET), and a revegetation strategy. Brisbane City Council.

2000 “Ipswich Rivers Flood Studics” — the calibrated (to events December 1991,
January 1974, May 1996, late April 1989, and Junc 1983) hydrodynamic MIKE 1 |
hydrodynamic model previously developed during 1998 was cxtended and re-
calibrated to include the Bremer River and a number of its and the Brisbane River
tributartes (Brisbanc River model extended to the Ipswich City Council and Esk Shire
Council boundary — located at grid refercnce -27.5, 152.72). The model was
subsequently used for informing flood plain planning decisions, investigating potential
mitigation options (Lcvees, detention basins, and Dam operations). [psiwich Rivers
Trust.

2003 “Brisbane River Flood Study: Further Investigation of Flood Frequency Analysis
Incorporating Dam Operations and CRC-FORGE Rainfali Estimatcs ~ Brisbanc River”
— the re-ealibrated MIKE 11 model previously developed during 2000 was re-
simulated to provide a ‘best’ estimate of the likely 1 in 100 AEP flow at Savages
Crossing and Brisbane Port Office Gauge, as well as flood levels at the laticr,

Brisbane City Council.

2004 “City Design — Flood Modelling Services: Recalibration of the MIKE 11
Hydraulic Model and Determination of the 1 in 100 AEP Flood Levels” — Based on the
findings of the 2003 study the MIKE 11 model previously developed in 2000 was re-
calibrated (to events January 1974 and March 1955) for the reaches of river within the
Brisbane City boundary, sinee re-calibration during the 2000 study was primarily
focused within the [pswich City Council boundary. Once re-calibrated the model was
used to assess the robustness of the “best” estimate of tlow for the 1 in 100 AEP cvent
at the Brisbane Port Offiec Gauge. Brisbane City Council.,

2004 “City Design — Flood Modelling Services: Calculation of Floods of Various
Return Periods on the Brisbane River” — Using the MIKE 1 model re-calibrated in
2004 the model was used to provide peak flood flows, levels, and velocities for a range
of design flood events. Brisbane City Council.
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2005 “Design Discharges and Downstream hnpacts of the Wivenhoc Dam Upgrade —
Q1091” — following revisions and improvements to the estimate of a Probablc
Maximum Precipitation (PMP) severity type event the Ipswich Rivers Trust version of
the MIKE 11 model was used to asscss what impact the proposcd and required Dam
improvements would have on flood risk downstrcam. To do this, the MIKE 11 model
was cxtended up to the Lyons Bridge from the Ipswich and Esk Shire boundary
(located at grid rcference -27.5, 152.72), adapted so that it could be used to assess a
higher severity event, the Probable Maximum Flood (PMF), and re-calibrated to the
January 1974 flood cvent so as to correspond with the provided models predictions
(note: this did not include the arcas of the mode! that were built upstream as part of the
study). Wivenhoe Alliance.

2005 “Dam Failure Analysis of Wivenhoe Dam — Q1091” — Using the amended and
re-calibrated MIKE 11 model developed in 2005 the modcl was used to assess the
impact of a dam breach for the existing Wivenhoe Dam and following the

_ implementation of improvements to the Dam. Wivenhoe Alliance.

2009 “Flood Study of Fernvale and Lowood” — a calibrated (to the January 1974 and
May 1996 flood cveats) 1D/2D linked hydrodynamic TUFLOW hydrodynamic model
of the Brisbane River and Lockyer Creck within the Somerset Regional Council’s
region was developed for informing land use planning and development, and
emergency planning. A 2D model was considered appropriate due to the large and
complex floodplains of the study extent. Somerset Regional Council.

For the purposes of this study SKM were asked by Seqwater to make use of the MIKE
11 model developed in 2005 in conjunction with the WT42 and URBS models.

4.2, ‘Review of 2005 MIKE 11 Model

The MIKE 11 model that was last refined in 2005 by the Wivenhoe Alliance was

provided by Seqwater to be used as a basis for this study. This model was reviewed in
order to understand its appropriatencss and robustness for tmodelling the January 2011
cvent. A summary of the review is provided below and more details of the review arc

provided in Appendix A.

The following key issucs were found with the 2005 MIKE 11 model:

« Representation of the cross-sections were not found to be appropriate for the
magnitude of floods of most relevance to this investigation;
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« Some cross sections were reversed (not critical to the processing of the hydraulic
curves, but making auditing of link channels more difficult);

« Link channcls specified at some locations were activated too early, or at a lower
level than in reality;

s Somc bridge details appcarcd inconsistent with the dimensions from other
sources;

» The use of unrcalistically high values of roughness (coefficicnt of Manning’s # as
high as 0.2 in some instances);

= A number of bascflow inputs were included (presumably to help improve
stability) which mask the true inflows and affect modelled flood levels (e.g. Six
Mile Creck)

»  The provided model used a hot start file of a previous model run to provide initial
conditions for the model — although certain situations and scenarios may dictate its
usc, this approach makes it less flexible for usc as a flood warning and forccasting

tool.

Significant effort was expended on trying to utilisc the provided model for this
investigation while making only minor modifications, however this was ultimately not
possible due to above-mentioned issues. Accordingly, significant revisions were made
to the model to ensure that it was suited to modelling the January 2011 cvent.

4.3. Revised Hydrodynamic Model
4.3.1. Terrain Data

No additional survey has been undertaken as part of this study. However, detailed
terrain data was obtained from the South East Queensland LiDAR capture project’, and
was used to gain a better understanding of the key hydraulic features in the project
area. The extent of the LIDAR data available is shown in Figure 4-1. The LiDAR
covers the majority of the study arca, but unfortunately docs not extend up Lockyer
Creck,

' © The State of Queensland {Department of Environment and Resource Management} [2010).
@ Qld Bulk Water Supply Authority trading as Seqwater [2009]. To the extent permitted by law,
SEQ Water gives no warranty in relation to the material or information contained in this Data
{including accuracy, reliability, complateness or suitability} and accepts no liability (including
without limitation, liability in negligence) for any foss, damage or costs (including indirect or

- consequential damage) relating to any use of the material or information contained in this Data
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4-2 demonstrates some key aspects of the model schematisation that have been
included to better represent these two-dimensional attributes, naimcly link channels,
storage arcas and bend losscs. Thesc arc described in Sections 4.3.3, 4.3.4 and 4.3.5,
respectively.

The LiDAR data was also used to better refine the shape of cross-sections outside of
the channel, and this process is described in Scction 4.3.6. The model roughness,
structures, boundary conditions and setup and parameters are described in Sections
4.3.7 t0 4.3.10. '

The total modél schematisation is illustrated in Figure 4-5 to Figure 4-12 while Table
4-1 lists the chainages of key stream flow gauges, inflow locations, and hydraulic
structures for the MIKE 11 model. It should be noted that the model has not been
extended to represent any new additional reaches, but the modcl build has instcad
focuscd on resolving the issues that were identified during the review process.

Due to data constraints, only the Brisbanc River reach from thc Lowood Pump Station
gauge to the mouth of the river have been re-schematised.  All other contributing areas
of the model have remained untouched unless amendments were required to improve
the stability of the model or reduce the scope of what could be improved within the
time constraints (c.g. Woogaroo Creck was changed to a storage area). It is important
to stress, however, that the issucs identified as part of the review part of this study are
just as prevalent in other arcas of the model and should be rectificd to improve the
confidence that can be placed in the predictions made by the model.
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e Table 4-1 Key Locations of the MIKE 11 model

Location Type Branch Chainage
Wivenhoe Inflow Boundary condition BNE 930070
Mount Crosby Infllow Boundary condition BNE 988000
Savages Crossing
Stream Flow Gauge Channel Cross section BNE 948120
Lowood Pump Station
Stream Flow Gauge Channel Cross section BNE 936620
Allawah Road (Mount
Crosby Weir Stream Hydrautic Structure
Flow Gauge) Bridge {Bridge} BNE 988150
Moggill inflow Boundary condition BNE 1004300
Moggill Stream Flow
Gauge Channel Cross section BNE 1006300
Six inflow Boundary condition BNE 1007780
Goodna inflow Boundary condition BNE 1012475
Sandy inflow Boundary condition BNE 1019490
Jindalee inflow Boundary condition BNE 1025070
Jindalee Stream Flow ‘
Gauge Channel Cross section BNE 1026170
Oxfey Inflow Boundary condition BNE 1040090
Oxlay Stream Flow '
Gauge Channel Cross section BNE 1040090
Port Office Inflow Boundary condition BNE 1055280
Port Office Stream Flow
Gauge Channel Cross seclion BNE 1055280
Breakfast Creek infow Boundary condition BNE 1063125
Breakfast Creek Stream
Flow Gauge Channel Cross section BNE 1063645
Bar interstation Inflow Boundary condition BNE 1071520
Bulimba Creek Inflow Boundary condition BNE 1072020
Boundary condition BNE 1078660

T_idaI Boundary
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4.3.3. Link Channels

During high flows, watcr will not follow the main river channel, but rather will spill
over low points in the terrain and “short cut” corners. Link channels simulate this
process through defining a latcral sweir that transfers water to nearby cross-scetions
once the weir is overtopped. The link channcls have been defincd as the high points
betwcen channel cross scctions, as shown in Figure 4-2, Fifty-six link channels were
added to the Brisbane River rcach of the model.

4.3.4. Storage Areas

Arcas ol terrain that are not dircctly part of the Brisbane River, but which would serve
to store water during times of flood, have been represented in the MIKE 11 model as a
rescrvoir which is connected to the main river branch through a lateral weir. The lateral
weir defines the terrain that links the storage to the Brisbane River, and this was
defined using 2 m contour data, extracted from the 3 m terrain grid. The elcvation-arca
relationship for the storage was devcloped using the 3 m terrain grid, Twenty-nince
storage arcas were added to the Brisbane River reach of the modcl.

4.3.5. Bend Losses

The Brisbane River has a number of large and sometimes severe meanders. To
account for this in the overall representation of resistance to flow through the MIKE 11
model, the Manning’s » roughness coefficicnt was incrcased for cross sections located
at bends?® in accordance with the reccommendations provided in published guidance
(Chow, 1959). The scaling factor used at these cross-sections is shown in Table 4-2.
Appendix B.5 lists the locations of where these factoring values were specified and
provides the locations of the cross scctions.

» Table 4-2: Factors used for the representation of
river meanders (based on Chow (1959)).

Type of Meander Factor applied to Manning’s n
Appreciable 1.15
Severe 13

2 This Metoring was achigved through entering a higher factor at each bend cross-section in the
HD parameters file which over-rides the global value.
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4.3.7. Roughness

Channel and floodplain roughness arc represented in the model through the use of an
appropriatc Manning's n value with low flow bank markers defining the transition to
and from areas of higher roughness on the floodplains.

MIKE 11 provides the ability for the user to choose different radius types, which alters
the method used to ealculate conveyance for cross-sections with varying roughness
valucs, for cxample where the floodplain roughness is specified as higher than the
channcl. The two main radius types are:

v Hydraulic radius (total arca), which treats cach of the different roughness zoncs as
parallel channels, and caleulates the total conveyance as the sum of these; and,

v Resistance radius, which develops an effective arca for the cross-section, in line
with the resistance factors specificd, in order develop a single composite
conveyance for the cross-section.

The hydraulic radius is considered to be better for use where flow is within decp and
narrow cross-sections, as the resistance radius formulation does not fully take into
account friction from the sides of the cross-section. However, resistance radius is
considered to be more appropriate where there is significant variation in eross-seetion
with flow magnitude, such as over bank flow paths (DHI, 2009).

The adopted roughness values arc a function of the selected radius type, and both
approaches were cxplored in the initial calibration of the model to the January 2011
event. Both methods successtully reproduced the recorded levels, but the hydraulic
radius type provided a slightly better hydrograph shape, while the resistance radius
type provided slightly better timing,

The hydraulic radius type was ultimately adopted for the model runs on the basis that
for the January 2011 event the majority of the flow is contained within the channel. It
is important to note that the results of modetling scenarios within the flow range of the
January 2011 flood were not sensitive to the sclection of the radius type. However, the
uncertainty will increasc for flows in excess of the January 2011 event used for
calibration.

The roughness values described in the remainder of this report relate (o the hydraulic
radius approach.

All channel cross scetions are locked into a base value in the HD parameters (Figure
4-4) unless the cross scetion is located at a meander in which case it is overridden by a
local factor to account for head losses that would oecur (refer to Section 4.3.5). The
differing channel and floodplain roughness of the scetions are represented in cach of
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2009). Values of roughness for the channel and floodplain werc then raised or lowered
based on land use type by using aerial photography of the catehment. During this

process, it was ensured that the adopted roughness values were consistent with those
recommended by Chow (1959).

During these initial stages, the basc roughness defined in the HD parameter file was set
to 0.01. However, during the ealibration process, this was raised to 0.0113, which
effectively increased the roughness throughout the model by 13%.

Table 4-3 lists the values of roughness that were uscd to calibrate the model to the
January 2011 event along the Brisbanc River.

s Table 4-3: Manning's n roughness values adopted in the MIKE 11 model.

Channel

Floodpiain
Branch Chainage Roughness Roughness Comments
BNE 930070 fo 0.079 0.090 Channel roughness raised lo account
950270 for a more vegetated channel
BNE 951200 to 0.054 0.090
963595 ’
BNE 964170 to 0.051 0.090 Floodplain roughness raised to 0.1 to
994760 account for the Corbould Land Trust
and surrounding forested areas.
Channel roughness raised according.
BNE 995690 to 0.051 0.090
1002785
BNE 1003275 to 0.042 0.090 Channel roughness decreased to
1019490 account for a less vegetated channel
by Barellan Point to Moggill Country
Club
BNE 1020115 to 0.042 0.090 Channel roughness decreased to
1025590 account for a well maintained channel
) for suburbs of Brisbane
BNE 1026170 to 0.042 0.090 Channel roughness decreased to
1036770 provide a batter match to gauging at
Jindales.
BNE 1036915 to 0.034 0.113
1048035
BNE 1048035 to 0.024 0.090 Channel roughness decreased to
1078525 account for a well maintained and

cleaned channel due to tidal
processes
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4.3.8. Fluvial Structures

Although there arc a number of structures present on the Brisbane River, all but the
Mount Crosby Weir and road crossing have been removed from the model. It was
found that all of the bridges removed are either too small or large to significantly
impact on the hydraulics of the river for the January 2011 event, and inclusion of the
bridges in the model resulted in instabilities and known inaccuracies (see Appendix
B.4). If future work is undertaken using the model developed as pait of this study then
additional structures should be included, sinee these will influence the local dynamics
of floodwatcrs.

The Allawah Road Bridge, or Mount Crosby Weir, has been represented within MIKE
11 as a bridge structure solving the energy equation with FHWA WSPRO
submergence and overflow default coefficients of discharge. The bridge details have
been estimated using data provided by Sunwater and from publicly available
photographs.

4.3.9, Boundary Conditions

The MIKE 11 model requires boundary conditions to be defined where river reaches
start and end, and where additional inflows are included in the model. The model
boundary conditions are described in Table 4-4. The Brisbane River upstrcam
boundary condition is defined as the flow at Wivenhoe Dam, and the downstream
boundary is set by tidal conditions in Moreton Bay. The tidal boundary has been
defined as that as recorded at the White Island Gauge (CBM — 540495/ AWRC -
143891). Further details of the model inflows for the 2011 event are provided in
Scetion 6.1.

s« Table 4-4: Boundary ¢onditions in the MIKE 11 model.

Location Boundary Type Input Description
BNE 930070 Open Time-series flow Wivenhoe Dam outflow
LOCKYER 3370 Open Constant flow Lockyer Creek at Lyons Bridge
(dummy flow of 0.1 m¥s)'
LOCKYER 9190 Point Source Constant flow Interstation flow from Lockyer Creek
between Lyons Bridge and O'Reilly's
| Weir (dummy flow of 0.1 m¥/s)’
BNE 948120 Point Source Constant flow interstation flow at Savages
- Crossing1
BINE 988000 Point Source Time-series flow interstation flow between Wivenhoe
‘ Dam and Mt Crosby Weir
WAR 100000 Open Time-series flow Warrill Creek at Amberley

FOENVIProjactstQE0990 1 TechnicaliAdditionafiodeliingiDaliverables\Basbane River Hydrodynamic Modelling_Versd.docx PAGE 32




Technical Report

Location Boundary Type Input Description
PURGA 100000 Open Time-series flow “Purga Creek at Loamside i
BREM 1000010 Point Source Time-series flow Bremer af Walloon
| DEEB 10000 Ciosed Deebing Creek?
DEEB 1005200 Point Source Time-series flow Deebing Creek
" IRON 10000 Closed fronpot Creek?
'IRON 18584 Point Source Time-series flow Ironpot'Creek
BUND 10000 Closed Bundamba Creek’
, BUND 41030 Point Source Time-series flow Bundamba Creek
| HWAY Left 0 Open Constant flow
LOW BRANCH1 0 Open Constantflow
LOW BRANCH2 D Open Constant flow
UP BRANCH1 0 Open Constant flow Small creeks within the Bremer Rivgr
Constanttow | £t ossfow contibutn o
Reedy 1000 Open Constant flow of 0.1 m¥s).
Mihi 10000 Open Constant flow |
Mihi_br1 1292 Open Constantflow |
Sch 10000 Open Constantflow

BREM 1020000

Point Source

Time-series flow

Interstation Nlow for Bremer R at On;_
Mile Bridge

| BNE 1007780

Point Source

Time-series flow

Six Mile Creek

. BNE 1012475

Point Source

Time-series flow

Goodna Creek

BNE 1014610

Point Source

Time-series flow

Woogaroo Cresk

BNE 1019490

Point Source

Time-series flow

Sandy Creek

BNE 1004300

Point Source

Time-series flow

Interstation flow for Moggill

BNE 1025070

Point Source

Time-series flow

Interstation Now for Jindalee

BNE 1040090

Point Source

Time-series flow

Oxley Cregk

BNE 1050860

Point Source

Time-series fiow

Interstation flow for Port Office

BNE 1063125

Point Source

Time-series fiow

Breakfast Creek

BNE 1071520

Point Source

Time-series flow

Interstation flow for Bar

BNE 1072020

Point Source

Time series flow

Bulimba Creek

BNE 1078660

Oben

Time-series water
level

Tidal boundary

" Boundary conditions have been included in the model for Lockyer. Creek and Brisbane River at Savages
Crossing, but these are not used in the final mode! runs, and so small flows have instead been added at

these locations. Ses Section 6.1 for more information,

2 Deebing Creek, Ironpot Creek and Bundamba Creek have been treated as closed reaches as the inflows
from the URBS mode! are extracted at the outle! of the creeks and arg therefora enterad into the MIKE 11

madel at the outiats.

4.3.10. Model Setup and Parameters

The MIKE 1 model has been setup to run with the following parameters:
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x  Unsteady state;

« Adaptive time step with default parameters and limits of minimum time steps of 5
seconds and maximum time steps of 300 scconds;

= [nitial conditions defined as the water levels recorded at strcam flow gauges
during the 2011 cvent (ie the initial water level before the arrival of the flood
hydrographs); and,

s The delh value (a factor used to calculate the allowable distance to the bottom of
an artificial slot to prevent drying out) was increased to 3 duc to many areas of
mismatching bed levels.
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5. Rating Curves at key Brisbane River gauges

The calibration of hydrologic models has in the past been confounded due to the abscnce of rating
curves for the key sites along the Lower Brisbanc River. These sites record river level and the
flows have had to be infcrred from the results of a hydrologic model. The MIKE 11 model was
used to devclop rating curves at key gauges along the Lower Brisbane River.

5.1. Available Data

Data used to review and update the rating curves at Lowood, Savages Crossing, Mt Crosby,
Moggill and Jindalee was obtained from a variety of sources, as listed below:

» streamflow gaugings undertaken during the January 2011 flood event;

= reecorded river levels during periods of known constant relcases from Wivenhoe Dam
(including January 2011);

= DERM rating curves based on extrapolated flow gaugings;
»  derived rating curves extracted from the calibrated URBS model provided by Seqwater; and
»  modelled rating curves provided by BCC from a Brisbane River hydrodynamic model.

Not all data was available for each strcamflow gauge loeation, but the available data was
supplcmented with modelled water levels at each gauge location extracted from a serics of *steady
state” runs of the MIKE 11 model devcloped as part of this projeet. These runs werc based on a
simulation consisting of a constant inflow at the upstream end of Brisbane River model branch,
with the sitnulation eontinuing for a sufficicnt time such that flow conditions were constant along
the cntire branch, This climinated uncertainty in rating curves resulting from hysteresis.

5.2. MIKE 11 Model Results

The outputs from the MIKE 11 model steady state runs were used to derive rating curves at cach
gauge focation. [t was typically found that the MIKE 11 model results matched well with gauged
cstimates of streamflow, particularly for higher flows. It was also noted that the MIKE 11 results
were significantly different to some of the supplied rating curves. In several cases the MIKE 11
rating curves showed that a farger flow would be expeeted for the same watcr [evel than was

previously estimated.

On balance, it is belicved that more weight should be given to the MIKE 11 model resuits for
higher flows (gi‘catcr than approximately 4,000 m?/s) than the cxtrapolated DERM ratings and the
derived ratings from URBS. The MIKE 1! model includes representation of the physical channel
controls and floodplain storage present in the lower Brisbane River, which by definition cannot be
directly accounted for in the URBS hydrological model. As such, it is suggested that rating eurves

SINCLAIR KNIGHT MERZ
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derived from a combination of flow gauging and URBS estimates at lower flows, and MIKE 11
estimates at higher flows, be adopted for future usc.

It should also be noted that the location of some gauges are problematic when eonsidering the total
channel flow at the gauge versus total flow in the river that may be carried on the floodplain or in
an anabranch. This was an issuc at Lowood for flows less than 15,000 m*/s, as the gauge is located
on a river bend and significant overland flow oecurs across the bend. For higher flows (e.g.
approximately 15,000 m*/s and greater) similar floodplain bypasses are likely to occur at other
locations such as Moggill, and to a lesser cxtent Mount Crosby, where downstream constrietions
would cause flows to throttle back and flow over the floodplain. In this case, it was decided that

. the water level at Lowood representing a tlow of 15,000 m¥/s should be the water level
corresponding with a total river flow of 15,000 m’/s, rather than the flow in the Brisbanc River
channel itsclf at this location (which is somcwhat less).

5.3. Updated Rating Curves

Plots of the rating curves at cach location were prepared and are shown in the following figurcs:

30 :
26 -
24 4 .
20 +
E 18]
_-S_, 6 -
£ 14
3]
o 12
o ! ;
U] N
— Updated Rafing (Jun2011}
— Initial URBS Rating (May 2011)
- - -MIKE 11 Steady State
H WivenhoeConst'antReleases
‘ # Calibrated URBS Flood Events (May 2011)

4,000 6,000 8,000 10,000 12,000 14,000 16,000
Flow {m¥/s)

« Figure 5-1 Rating Curve at Lowood Pump Statian
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s Table 5-1: Initiat and Updated Peak Flows for January 2011 Flood

Gauge Recorded Initial Peak Falow Updated Peak:‘F!ow Change
Level (m AHD) Estimate (m’/s) Estimate {m"/s) {%)
Lowood Pump Station 46.47 9,700 8,800 -9%
Savages Crossing 42.58 10,100 9,900 -2%
Mt Crosby 26.12 9,000 9,800 +9%
Moggill 17.72 9,200 10,400 +13%
Jindalee 12.90 10,400 10,200 -2%
« Table 5-2: Initial and Updated Peak Flows for January 1974 Fiood
Gauge Recorded Initial Peak Fatow Updated PeakaFlow Change
Level (m AHD) Estimate (m°/s) Estimate (m/s}) (%)
Lowood 45,70 9,520 8,600 -10%
Savages Crossing 42.22 11,500 11,200 -2%
Mt Crosby 26.74 9,500 10,400 +10%
Moggilt 19.95 10,900 13,100 +21%
Jindalee 14.10 11,800 11,800 0%
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7. Scenario Modelling

The calibrated MIKE 11 hydrodynamic model has been used to provide updated results for the 5
cascs from the Seqwater report entitled January 2011 Flood Event: Report on the operation of
Somerset Dam and Wivenfioe Dam. The scenarios are summarised in the Table 7-1 below.

»  Table 7-1: Scenarios from Seqwater (2011) report.

Case Case
Number | Description

1 Actual Wivenhoe Dam outflows combined with Lockyer Creek, Bremer River and other non-
controlled calchment flows from the January 2011 Flood Event

2 Lockyer Creek, Bremer River and other non-controlied catchment flows from the January
2011 Flood Event only. ’

3 Actual Wivenhoe Dam outflows from the January 2011 Flood Event only.

4 Assumes Wivenhoe Dam removed and uses eslimated flows in the Brisbane River at tha
location of Wivenhoe Dam combined with Lockyer Creek, Bremer River and other non-
controlled catchment flows from the January 2011 Flood Event. This case provides an
indication of the impacts of the January 2011 Fiood Event at Brisbane City if Wivenhoe
Dam had not been constructed,

5 Assumes both Wivenhoe Dam and Somerset Dam removed and uses estimated flows in
the Brisbane River at the location of Wivenhoe Dam combined with Lockyer Creek, Bremer
River and other non-controlied catchment flows from the January 2011 Flood Event. This
case provides an indication of the impacts of the January 2011 Flood Evenl at Brisbane
City if both Somerset Dam and Wivenhoe Dam had not been constructed.

The calibration of the model to the January 2011 event (see Scction 6) provides confidence in the
ability of the model to replicate a range of flow conditions up to the magnitude of the January 2011
cvent. Due to the physical representation of the river in the hydrodynamic model, its use is
considered to provide superior predictions of water levels for higher flows than the hydrologie
models (see Section 3), but it should be noted that the model results arc particularly sensitive to:

v The tidal influence - the timing of the flood peak arriving results in significant differences in

the water level results in the lower parts of the modcl;

»  Structures — bridges have been removed from the model, and these are expected to influcnce

water levels for higher flows; and,

= Overbank roughness — in some parts of the modcl, there was no overbank flow for the January
2011 event and so it was not possible to calibrate overbank roughness values, which introduces
additional uncertainty when the model is used to estimate water levels for higher flows.

[n addition, the choice of radius type for the cross-sections (sce Seetion 4.3.7) also has an

increasing impact on results for higher flows, where morc significant overbank flow zones are
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activated. This means that the results for cascs 4 and 5 are inherently more uncertain, A comparison
of flow and water level hydrographs is provided in the plots below (Figure 7-1 and Figure 7-2,
respectively), and a summary of the peak flows and water levels is provided in Table 7-2.

The results of the hydrodynamic modelling confirm the following conclusions in the Seqwater

report:

« Even if the flood flows in the Stanley River and upper Brisbane River had been containcd, and
there were no releases from Wivenhoe Dam (Case 2), the tlows from Lockyer Creek, Bremer
River and other uncontrolled catchment flows would still have exceeded the threshold of urban
damagse;

» Ifthere had not been any tlows from Lockyer Creek, Bremer River and the other uncontrotled
catchments, the actual releases from Wivenhoe Dam (Case 3) would have caused only minor
flooding in Brisbanc City.

The hydrodynamic modelling provides updated results for the last two conclusions in the Scqwater
report which were based upon the preliminary hydrologic modelling, namely:

«  Without Wivenhoe Dam (Case 4), the peak flow would have been in the order of 12,400 m?/s
and the peak height would have been in the order of 1.1 metres higher at Brisbane City;

s Without Somersct and Wivenhoe Dams (Case 5), the peak flow would have been of the order
of 13,400 m*/s and the peak height would have been approximately 1.4 metres higher at the
Port Office gauge.

a Table 7-2: Comparison of peak flow and water level estimates for the January 2011
event at the Brisbane Port Office under different scenarios.

Peak Flow {m¥s) Peak Water Level (mAHD)
Gase Hydralogic Hydrodynamic Hydrologlc Hydradynamic
Model madel Model modet
{March 2011} {June 2011) {March 20§14} {June 2011}
Case 1 Existing 9,400 10,100 4.5 4.6
Case 2 No releases from Wivenhoe 6,300 5,800 2.7 25
Case 3 Wivenhoe releases only 5,200 5,300 2.2 24
Case 4 No Wivenhoe Dam' 12,900 ' 12,400 6.4 57
Case 5 No Somarset Dam or Wivenhos Dam' 14,000 13,400 7.0 6.0

' The results for these scenarios are inherently more uncertain as they are for flows outside of the calibration range.
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8.

8.1,

Summary and Conclusions

Uncertainty and Limitations

The following uncertaintics and limitations should be noted:

It is important to appreciate that the MIKE 11 hydrodynamic model was developed for flood
modelling purposcs where the focus of attention is on the simulation of flood similar in
magnitude to the January 2011 event; if the MIKE 11 model is used for purposcs other than
that for which it was intended it should be used with caution.

The work undcrtaken as part of this study has been primarily concerned with cstimating peak
water levels in the Lower Brisbanc River. During times of heavy rainfall localised flooding
will also occur when the capacity of drainage infrastrueture is exceeded and the MIKE 1t
model is not suited to investigate such issucs, as one of its primary assumptions is that all

storm runoff will enter the river system.

The channel cross scctions have been developed using data within the provided MIKE 11
model. Whilst the model has been suceessfully ealibrated and verified some cffort should be
made to revicw the appropriateness of these scetions through additional survey, particularly as
channel conveyance may have changed as a result of the January 2011 flood. A survey would
serve to ensure the MIKE 11 model is representative and that ongoing stream flow gauging is
reliable.

The LiDAR data provided and used for the development of the model is of 1 m resolution and
has an accuracy of around +/-0.15m. This may contain localiscd inaceuracies due to the
presence of vegetation and buildings where as part of the data retrieval process the LIDAR
laser strikes may have not reached the truc ground surface and may affect the components
which have been built as part of this study.

The Brisbane River with its tidal influence, number of severe meanders, and anthropogenie
influences such as relcases from reservoirs located within the catchment is a highty turbulent
environment which causes a number of channcls to continually change in size and shape.
Although for the severity of events considered during this study these changes would more
than likely not be influcntial duc to volumes of flow, during morc frequent and less severc
cvents stieh changes might be significant. '

As part of the model development all structurcs on the Brisbane River were removed apart
from the Mount Crosby bridge/stream flow gauge. This will affcct the local dynamics,
especially in low flow events, and should be included in the MIKE 11 model if developed any
further in the future. |

There are known limitations in the representation of Lockyer Creck and the Bremer River in
the model. Model results from these reaches should not be relied upon.
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8.2. Conclusions

The study has analysed the recorded rainfall and river level data available for the January 2011
cvent, and uscd this to calibrate the URBS and WT42 hydrologic models and an improved MIKE
11 hydrodynamic model of the Lower Brisbane River.

The rainfall information uscd in initial URBS hydrologic modelling undertaken by Scqwater
immediatcly after the event was reviewed. This identificd that the majority of rainfall inputs were
appropriate however the review identified a small number of stations for which the data appeared
suspeet and these stations were removed, and also identificd where additional data was now
available from the Bureau of Metcorology. The sensitivity analysis undertaken to the selection of
the rainfall stations demonstrated that the estimated rainfall depths at the model subarcas was not
scnsitive to a slight increase in the number (from 4 to 6) of sites uscd in the analysis.

Although a large number of river gauges arc located within the Brisbane River catchment below
Wivenhoe Dam, most of these gauges do not have reliable rating tables (which refate the recorded
level to flow). In licu of this information, preliminary rating curves had previously been derived
which retated the recorded level to the flow modelled using an appropriately configured URBS
hydrologic model for a range of historic flood cvents. Although such preliminary ratings arc useful
for making inferences regarding modelled levels they do not provide any additional information on
which to calibrate a hydrologic model.

This mcans that during the January 2011 event, there was little reliable information available to
calibrate modelled flows from the hydrologic models downstream of Wivenhoe Dam. This was
exaccrbated by a number of stations that failed during the event. Thus, for the 2011 event only 40%
of the 6,515 km? catchment downstrecam of Wivenhoe Dam was covered by strcamtlow gauges that
had recorded levels with a reliable rating curve. This reinforces the need to use a hydrologic model
in order to estimate flows from the significant proportion of the catchment which is not covered by
reliable recorded information.

A MIKE 11 hydrodynamic model was used to model the Lower Brisbane River. The model
available for usc on this project was that used by the Wivenhoe Alliance in 2005 to model the
impacts of diffcrent upgrade options for Wivenhoe Dam. The model was reviewed for the purposes
of this investigation and a number of deficiencies were noted rclating to the schematisation,
calibration and stability which meant that it was not suitable for modelling the 2011 event.

The MIKE 11 model was cnhanced by using LIDAR data to extend and add cross-scctions, lateral
storages, link channels, bend losses and weirs. It is considered that the revised model provides a
robust platform for investigating the hydraulic characteristics of the Lower Brisbane River.
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The MIKE 11 modcl was run in steady state to derive rating curves for sitcs along the Lower
Brisbane River. These ratings are consistent with gaugings undertaken at Jindalee Bridge during
the 2011 event and also with the recorded river levels during periods of constant releases from
Wivenhoe Dam,

This analysis shows that the initial rating curves developed using the URBS hydrological model
were generally appropriate at the majority of locations along the Lower Brisbane River. However,
at some locations (particutarly Mt Crosby and Moggill) the initial URBS rating significantly
underestimated the peak flow for the January 2011 event. It is estimated that the peak flow at
Brisbane Port Office during the January 2011 event was approximatcly 10,100 m?/s. These new
ratings provide an opportunity to refine the calibration of hydrologic models. '

When flows from the URBS hydrologic model were included in the MIKE 11 model, it was found
that the flows cstimated at each the key gauge locations downstream of Savages Crossing using the
revised rating curves could not be reproduced. The cause of this is likely to be due to poor
representation of the Loekyer Creek in the MIKE 11 model which results in lower attcnuation than
actually oceurred and/or the gaps in the available rainfall network that inadequately captured the
intense rainfall that occurred in the vicinity of Mt Glorious. To ensure that the MIKE 11 model
calibration is not hindered by uncertainty regarding inflows in the upper part of the catchment, the
contribution of flows from upstream of Mt Crosby Weir were back-calculated from the flow
derived using the new rating curve at Mt Crosby Weir and the outflows from Wivenhoe Dam.

The MIKE 11 model produced excellent calibrations to all gauges on the Brisbane River with the
exception of Moggill and Oxley Creck (where the calibration is only fair). The calibrations provide
only a slight improvement on the initial calibrations using the URBS hydrologic modecl, though the
physical basis of the MIKE 11 hydrodynamic model gives greater confidence in extrapolating the
model outside the range of calibration and hence for assessing the implications of different
operating strategies.

The calibrated hydrodynamic model was used to update the preliminary modelling in Seqwater
(201 1b) which was undertaken using an URBS hydrologic model. The results of the hydrodynamic
modelling confirm the following conclusions in the Scqwater report:

« Even ifthe flood flows in the Stantey River and upper Brisbane River had been contained, and
there were no releases from Wivenhoe Dam (Casc 2), the flows from Lockyer Creek, Bremer
River and other unconirolled catchment flows would still have exceeded the threshold of urban
damagc; and,

s Ifthere had not been any flows from Lockyer Creck, Bremer River and the other uncontrolled
catchments, the actual releascs from Wivenhoc Dam (Case 3) would have caused only minor
flooding in Brisbane City.
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The hydrodynamic modelling provides updated results for the last two conclusions in the Seqwater

report, namely:

»  Without Wivenhoe Dam (Casc 4), the peak flow would have been in the order of 12,400 m®/s
and the peak height would have been in the order of 1. I metre higher at Brisbane City; and,

«  Without Somerset and Wivenhoe Dams (Case 5}, the peak flow would have been of the order
of 13,400 m’/s and the peak height would have been approximately 1.4 metres higher at the
Port Office gauge.

8.3. Recommendations

The study has the following rccommendations:

»  Obtain LIDAR in the lower Lockyer Catchment to allow refinement of MIKE 11 to better
represent the routing in the lower reaches of Lockyer catchment.

»  Refine and improve the MIKE 11 model of the lower rcaches of the Bremer and Lockyer
catchments

«  Use hydrodynamic models to derive rating curves for key gauges in the tributaries to the
Brisbane River to inform the calibration of hydrologic models. The URBS and MIKE 11
models developed as part of this study should be calibrated/verified against further events over
a rangce of flood magnitudes to improve the confidence in the modelled peak water levels.

«  The MIKEII model is currently based on a combination of surveyed cross-scctions
~supplemented with LiDAR data. Given that this survey was collccted prior to the January 2011

fload, it is possible that the magnitude of that flood has resulted in significant morphological
change to the bed and bank shape of the river at key locations. It is recommended that
consideration be given to updating the available survey data to ensure that the model reflects
any alterations to the river bathymetry.

« Ifa hydrodynamie model is to be used for flood forecasting then careful consideration should
be given to whether the model should be 1 or 2 dimensional or a coupled or linked 1D/2D
modecl; or fully intcgrated hydrological and hydrodynamie models.
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Appendix A Summary of Hydrologic Data

INQENWProjects\QE0990 1 Technical\AddiionalldodelingtDeliverables\Brsbane River Hydrodynamic Modeling Versd.docx PAGE 65




88 39vd X00p ERIAA” U 2P0y DILEUAPCIPAK Jany 2URqSIIg|SIqRIaAR BUIISDON IBUOREDY IS || GEA0TTNSIS oI ANTDN
Z43NW JHDINY ¥IVIONIS
Ale@ SUORENWINIOE JC $10] SEY INOF WOl E1Ep ‘PSpIooal [[ejutel oN no patuswwod 01440 180d NODENW | 2510
Aleq virOrS WvQ HYY3200W | SELoY
¥2¥0¥S Se uopeoo| awes SE 3WBU aweg
Aea SUOREMWNDJE JO SO SBY WOg WO B1Ep ‘PapIo2al |[BJUIB) ON | N0 pauswwod H4S VaavA IILLA | 8LLOY
pajjojuoa Ajifenb Jou Ing lqejieae elep INOG ‘PORJO23) [EJUIR) ON NC paUsWWod JOM440 LSOd VIgWNM | ELLOY
feq ‘papltodal wwg'la 30440 1SOd AQDTM | 0LLOY
WILLIEAG Inoge aY| SHO0} INg ‘BIEP PalB[NWNIIE JO $}0] SBY Blep |NOg paplooay
fnea WOg Woj 3|gefese elep ou ‘MOD3S Ag palddns ssjy o | o pajuswiwog SIOAY AGNYS VHO VIM | B0LOY
alqeliene Blep Nog ‘MOIS Aq paliddns sajy on Inc pausWWogd AHISIHOS TIgWE | 00LOY
pa|jouo2 Allfenb Jou Inq Bjge|iea. eep |NOg ‘papiodal ([BJUlR ON o pajuswwod AIFHDVIIMNEDNG | 69001
pa|jouoD Allfenb Jou NG BlGeIIBAR BIED Og ‘PIPIOdaI [|BJuIEI ON INo pajuaWwWoD 301440 180d OHO8AYA | €000
Areq Wog woyj ajqeieas gjep ou ‘MDIS Ag parddns sajl oN INC pajuaWWwod ADI440 1S0d YYAQQD 0900t
paliouo2 Ajlfenb 10U Ing aigeieA. ejep |NOg ‘PapIeIa) |[Bjules ON No pajuswwod 1S AJHY1 YNIIMO0HE 8200t
Aeg WO WoJl) ajqe|ieA. BlEp OU ‘papiodal jejulel ON INo pajuBWWoY JAY AYVYIS HYNOQE | F2oob
Areq CerOrS 321440 180d LLNaMov1g | 0zgoor
£6+0¥S Se Uoiie20] awes SE SWeU awes
OIANg yoday d-Tv 3ead suosiipn | 20Z0vSs
9/80t ut ya1 yBnoyy
abneb rapun og wol paaoal eep Aep pue quiod 1ep | AjUQ U3A3 'sajy ON
vN Bulflspow Ul apn(oul O] PadU OU OS ‘B0YUSAIAA JO Weansdn yoday T 4D stexeq | 68LOVS
Uy Jas yBnoy;
Usas ‘S3ll) ON
wN Buijiapow up apnjoul 0} paau OU 0S 'a0UUBAIAA JO weansdn vodas Y P sIBAN | 89105
ut yat ybBnoy
uaas ‘sall) ON
¥N Buljapow | sproul 0] pa3U oU 0S ‘SOYUIAIAN JO Wweansdn yodar T Ayoad 1N | 2SOLYS
ut ja1 yBnoy
) UsA® ‘53l ON
PaACWDY sBuipury ansst aweN ‘ON
pajebisaaul sabneb |jejuey LY

ueday jeauyssy




£939¥d

¥oop £912 4, BUI2ROR DIIRUADIBAH JBATY 2UBGSLE|SR|qEI2ATS\BUNRRCIY BUOIEDY, 2032 11 L0ERN TSRl AN DN

Areq B|ge|leAR BIEP OIAN|d éAllep Jo olanid LIV VTIVOITIVL | £050F
Areq | suone|nwnooe 10 $10] SBY Wog Wod) BIep ‘AMDIS Aq paiddns sejj oN | 1IN0 pauswiwo) dIM YHAONNOTVYD | 9610P
pajjonuod 1IN0 pPajUBWILLIOT) O3IA Z6P0F
Aurenb jou Ing a|gejieAe elep WOF ‘MDIS Aq payddns saf) oN

pajionuea Ayenb Jou Ing algBRHEAR BIEp NOF ‘PAPIOILI [[BJUIBI ON [ INO PSjUBWILLIOD NOILVLS VEEGVA | 98+0F
Aleg | suonenwNooe JO S10| SBY WOog WOyl Bep ‘MD3S Aq payddns sajy ON | N0 pajuswwiod | ONOHUN3 ANVISI H3ISYYd | 8L+0F
Areg SUOIB|NWN0E JO $10f Sey (N0 WO} Blep ‘PapIodal |[Bjulel ON | INO pajuswwo) WYY NOLLOD INNCW |  09r0F
Areq INOE WOy} BqeIeAR BIED OU ‘MDIS AQ paliddns saj ON | IO PAUsWIWE) HygIvMd | Ovvor
pajiosuod Ajend Jou INg S|qe|IBAE BIEP 0T ‘POPICOD {BJUIRI ON | INO PAUSWUWOD NOQTVH LS3IM | vEroP
Aleq 9vg0r WL MIIAYYITD | 9Lv0F

a0 Se UOIIBDO; aWes SE SWEeU SWEg
a|gejieAR BlRp WOog ‘MD3S A paliddns S8y ON | N0 pajualiwo) AdHINY TVHINID | ELFOY
Alteq NOY WOl Bge|leA. BIBP OU ‘MDIS Aq penddns sajy oN | 1n0 pajuawwod | N0 STMOE HOIZTINI3a | 90107
pallouod Ajrenb j0u Ing 3[qe(IEAR BIED WOF ‘POPIOda |Bjulel ON | INO pRlUSWWOD AINYVYE INNCW | +BE0Y
Pafl01Iuod Ajenb 10U NG 3|qR|IBAR BIEP [NOg ‘POPIODal [ejulel ON | 3n0 pRluswWwe) NYHNWYM | £FE0F
Alleq 6LY0¥S WV SNOSNDLY | 6Z80F

601G Se uoneoo| swesg se aWeu sweg
. PIIONUOD | INO PAJUBLILIOD NYWAYS3E LW | 0lE0Y

Aurenb 10u 1nqg a|gejIRAR BIEP NOg ‘MDIS Ag paiddns $35) ON

pajjonuod Alenb 10U INg 3|GEHEAE BIEP NOg ‘PPIOdAL [IBJUIRI ON | JNO pPajUSWIWIOD YTIIHVINNT | 6820F
pajjoiuoo Ayenb 10U INg 3|qe)iBAR BIEP WOE ‘POPIOJA ffBJulRl ON | 1IN0 PAUBWIWIOYD | DI440 1S0d NITOOHOOM | §520F
Aeq INOF W0y JIqBlBAR BJEp OU ‘MDFS Aq paliddns Sajy ON | 1IN0 paluswwo) IVOVHYYM | 9PZ0F
Ateq INOE WOl) 3)gR(IBAR BIEP OU ‘AMDIS Aq payddns sajy ON | N0 patuswwo) an10 $IM09 ONOMOOL | §H2Z0r
pajloduoD Ajenb Jou Ing 3|qe|ieAR BIEP WOE ‘PAPIODS! JBJUIBI ON | INO PAUBWIWICD | SHNOI3IVH WHYH ITOVI | ZiZ0v
pajoiuod Aytenb Jou Ing sjge|ieAe elep NOg ‘pPapIooal [ejulel ON N0 pajuUaWIWIoD) SYININD vEIDANg3TIVL asl0b
pafjoauod Alenb jou Ng 3|qeiEAR BIEP NOF ‘POPIODD [[BjURI ON | INO PRIUSWILLOD HWIFYD INr WIS | 88L0F
ajgefieae e32p NOg ‘MD3IS Ag Palddns SB[ ON | INO pajuawwo) TUHW I3 HOOWY | LLLOY
paAoway sBuipuiy anssj awenN "ON

uoday [eoluysa]




89 39vd

XOOP £5Ja4 BP0 SIWBUAPOIPAK AN BUBGSLE\S2IGEISA!R\BUIZPONEUCIDDVYBIIUGIE 1 B0 I3/ ANTDL!

Aneq 108100 Ld3TV NNSSOdO | S6.0F
$! SIU} SMOUS 2115qam INOF WOJ} BIEP — WWE'S L PRRIOJAI OIANE ZAlEp 10 O1AN|d

olAnid pue Areg J|qeRAR B12p OANId iAlep 1o olAntd | NYENIIHD Oy NOSIWOHL | v620%

olAnid pue Ajleq ¢Altep 1o oanid LYITV SNOAT | €60
uaaa Buunp pae4d N0 PajUBLLILWIOY

olanid pue Alleq EAllep 10 olan(d 1YV AT | Z6L0F
m:o_u_amjw g ‘a|qeeae 2lep ClAN|d ‘no pajusawWIWIog

olANid pue Aleq cAep o oranid IV ReARID MN | 06L0F
mjo_u_am:m NG ‘aige|IRAR BI1EP OAN|d ‘Ino paluawwog

olanid pue Afred cAepuo omnid | TVALS3HOL 08 NOSNHOr | 8820%
snopidsns Ing ‘S|ge[iEAR BIEP OIN|d INC PajUBIICD

Areq@ a|geqear Bjep onig ZAlEp 10 olAnd 1837 SNMOA TIONIr | 98/0p

Areg 3|QBHEAR BIED OIAN|d ¢Allep Jo olanid 1H3IV MYVd I704VYD | S840t

AreQ 9[gBi[BAE BIEP OlAN|d ZAlIep o otAn|d LHITY VANV IV | ¥840F

Areg SUOHIBINWINIJE jO SIO| SBY NOF WO BIEP ‘PAPIODA [BjUIRS ON | INO PajUaWLLc) I93TI0I NOLSINYO | 0L40%

Ateg 0r60Y W1 INIddVHYYYVYA | 29.0v
ObB0OYF SB UONBIO| swes se aweu sawes

Aeq Sr60Y WL NIVINONOW ANNOY | vLL0P
SPEOY s Uoneso; awes Se alleu alleg

pajiogues Alenb ou Ing alqelieAe elep Wog ‘Papiooal fejulel ON | N0 paIUBWIWOY a4y AFTIVAWYHNI3g | 9890%

pajjoaues Ajenb jou Inq Sige|iBAR BIED |NOF ‘POPIODSI IBJURI ON [ 1IN0 PRIUSWWOY | 1VM vEVYIIOANN Y¥3ddn | 9080¢

Alleq |NOE WOy S|gBleAR BIEp OU ‘papi0dal [IBJUIB) ON | N0 pajuawwog 3390IM | £850F

Alreq INOE Woy 3|ge|leas B1Ep OU ‘DS Aq paliddns sajy oN | N0 pajuswwoy NIAVONTTO | 8550+

Aleq SE60Y 39AIY8 NvIToVvIN | ZPS0P
SEEOY SE uoedo| sawes SE aWeu awesg

Aneq SUQIIE|NWNI2. JO SI0f SeY (Nog WOl Blep ‘paplooal |[ejule) ON INC pajuaIWLOoD HOIAMNNQ LSO

pajjoitoo Allfenb Jou 1ng ajge(ieA. elep INOg ‘paplodal |lejulel oN o paluswwWoD YHHNAEGNNM YESOF

PalOAUO | N0 paUBWWOD VEWVIM | SZ50F

Ayenb jou Ing aiqe|leAe elep Wog ‘MD3S Aq paliddns sajy oN
paAoway sBurpuiy aINssS| awenN *ON

poday eauuda]




§830vd

o[ §S1aA BUTIFN0Y 2LIBUAROIDAL) JaATY SURASIE:S3IGRIRAIBC BUIEROINIBUONIDRYYESIULIE 11 05B0TDVS0AI0I AN TONI

otAnld

MD3S Aq paiddns sajy oN

No pajualILIo]) Hapy eBuue] | LOLOYS
"J08.I00 SLUNSSY INOY WY 3{ge|ieAR Elep ON 26l papioosy 1HIY ONISSOHD Mv3d | §200¥S
olANId Bunuiom 10N N0 pajudLILICT 1H3Tv H31S3IHOVEd | 650075
Aneqg INOg WOy a|gEIBAR BIRR OU ‘MDITS Aq pailddns sapy ON N0 pauaLILIoD aNVISI1N13SSNY | L660F
Aleq SUCIENWNI2E JO S10| SBY WOog WO EJep ‘papiodal [igjulel ON NO pauawWo) MO0 JLIHM MST | LB660Y
Areq 3|ge|ieAR BIED OIAN4 cAep 1o oianig v ed paqiieg | S860F
Areqg SUOIIRINWNGOE JO S10] SBL WOF WOoJ) BIEP ‘PIPIOISI [[BJUIRI ON N0 PaUBUIIOY TFAEA AVY QHOJWYS | LL60F
AreqQ MEJUIR] BU} JO e paunides [ejules moT 1S SNYNG ITYANSETS | £960F
j0u aAey o] sueadde s1y3 ‘Aq asop sebneb Jayio 0} paiedwon
pefiosuos | 3n0 peusWIOD ITIVAMEET | Z960F
Auzenb jou Ing ajgelieae glep Wog '‘MD3S AqQ paliddns sajy oN
INog wouj sige|leae E1ER Paxoayo Ajjenb ‘pepiooal jlejutel oN | N0 pauswwo) | NvdNg NIVINNOW ¥y31D | 09601
Areq SUOIEINWNIVE JO $10] SEU WOF WO BIEP ‘PapJODa) [RJUIRI ON INC pauaWWIOT) TIVADNIELS | §S60F
Areq Wog WwoJj 2|qeieAR BIED OU ‘Papiodal jlejuiel ON N0 pajuawWoe?) 1HOdHIY AOHVYONI | 22607
"Pasiaa) SINdu| "papicaal Wz g0g VdWvHYL 1N | PLB0P
Wwg eHg SMoYs (palioiuca Allenb Jou) alisgem wog wolj ejeg paplooay
OlANId pue Alleq GAitep Jo oamd 1HIIV IIVA NATHNYSES | ZL60F
snodsng N pajuaIWO?)
Aireg ‘NOg Wolj s[geyleAe Blep ON LD pepioasy WL NVIHOOgWOO0D | £680F
oAnd Nog wol ajge)eae elep Allep Inq ‘Uonoe JO 1IN0 OlANId (AP JO o1ANg 1H37 Mv3d SNOSTM | 92801
Aneq "WOg wioy) [gejteAe ejep ON W papiosay WL HvaTVA £980%
Aeq “WOg WOy a|qelieAr BIEP ON | WWEL panioday W1 AGL140HD § LPB0F
olAnid umuhoow_ IfEJUIR) ON 1O pARUAWLWOD) ualy {oog) suegsiug | 6ER0F
Areg SIgE|IBAE BIED OlAN|d £Allep Jo ownid YITY IDAHEG TN INO | 9E80F
Alreq grLoYs | W1 J9QalH8 SYIJ1IYNISOY | £280F
2PLOYS SB UQeIo; SWEg SE alueu awesg
Alea Zriovs WYQ Y00Yass3dd | 8080F
ZPLOPS SB uoledo] sweg SE JWeU aWwes
parowdy sBuipury anssi auweN ‘ON

vodsy [eo1uyss]




04 39vd

X307° €519, "5L|2pO SIBUADOIDAH JBATY SUBCSLEISDIGRIBAN B SUIAPCINIEUCIPDEIILLS LLLOBBOITISIOaf0 AN TN

olAn|d "LEE0¥G 1B a1qelieae elep pabnes ‘dnyoeg | 1IN0 PRjUAIOD g LY¥3Tv QJO4a00M | BEE0YS
CIAN[d wane Buunp pajed | Ino pajuawwod | WITY HITM MNVEHOHNHD | 9LE0vs
CIAN[H m:omo_awjm NC pajualla) HWaly adurlaaaSIad | @6Z0F5
"J0RUI0D AWNSSY “INOg WO JqRIBAE BIep ON ZBL PpIooaY | ¥V VAWVANNSE 1S NOINVH | 652015
GiANld "GRLO¥S 18 3|qenene elep pabneg “dmiseg | Jno pajuswiwoe) d 1937V JIW LW © 9b20rS
oanid Momiou piq | e pasWWe) d 1437V ¥v3d SNOSTIM | 202015
onid ‘LPLOTS 18 slqelieae eyep pebnes 'dmjoeg | Ino pejuswwe) g 1837V NOOTTYM | 96L0%S
120D BUINSSY "NOg WOy 9|qeE| AR Blep ON 6.1 papiodey L3 TV T0OdHSYM | 5610%5
olAnid uonoe 4o IO uonoe JO IO 1M3TV QVOH SSNM | vBLOYS
oiAnid SIsixe JaBUO ON | INO pPajUBLILIOD g LY3TV SNOTHOTD LW | vBLOYS
oiAnld "pasn jou 0s ‘AqQ 25010 AU 1UT TV N1S JWNd | LLOZ/LO/LL 00:GL d 1¥3Tv ACOMOT | 28L0YS
aAoOMO1 ‘JAAIMOH .EEQ»W UCGWONALT Og r_m:o.EH 2|qe|ieAR Bl WwioJj uonae Jo Ingo
OlANid "081.0vG Je aigejeAe etep pabneo "dmjoeg | ino pajuswwo) g 1937V ATTHIENY | L8LOYS
olAnid N0 P3IUBWIWOD g-1437v | 6LL0VS
"8210%G e a|qeleae elep pafineg "dnyoeg ML WVYQ JOHNIAIM
N0 pajUBWIWCY d-193TV | 82L0%S
ut daay . ML WYQ IOHNIAIM
omnid "pasN JoU 0S ‘$/L0YS 1 Papiodal sem erep pue dnyoeq | 1LOZ/LO/LL 00:60 g 183 TV I9AIHE SNOAT | S210%5
B 81 SIY] “JaAOMOH "WalSAS uowaodiaug Wog UBnosy) ajge|ieae e1eQ | WOJ UOHDE JO 1IN0
Aeq ajqefeae eep olanid ZAlep Jo olan|d HITY INVESIYE 40 JOL | #8L0vS
olAn|d Ilejuzel pSIUNOD B1QNOQ | INO PRIUBWWOYD | YTV MH WYQ LISHIAWOS | 65L0FS
otANld BuplomioN | 10 pajuawo) L1H37V THHINITL | 2510%6
olAN[d dnyoeq pue uolde Jo IO UORO. 40 INO g 1937V MO HODIHD | OrLOvS
clANid MD3IS Aq paiddns sajy oN | ING pajuaWIWOD) ¥ %d PUBIOH | GELOYS
1921100 JWNSSY "NOg WO d|qe|leAR BIBP ON | |'S0Z PapIoday suteld anmy b3 | 5ZL0vs
olAn|d MDIS Aq paiddns saji oN | N0 pRLBLIWCD vary apisBulion | £0LOYS
oAnld MDIS Ag panddns sajy oN | IN0 pajrawwIe) uary Ajrdoouoopul | ZoLOYS
pasoway sBuipuny anss) aweN “ON

yoday [eausa]




14 35vd H0OP'¢SIATBUIISPONY INZUADOIDAH JBAIY BUBGSLGISAIGEIaNBC\ BUNEPCNIELONPPYEOIULD9 1L DEE0ZDISI0IFANTDL

OlAN|d PaleIsul 8Q G118 A NG pajuawwol IV 3 IVANSH | 2640%S
omn|d aae Buunp papey 1NQ pajuaLuLo) T ITYALSTIM | 98P0S
omnnd aAa Buunp pajed N0 PABLULLICS - Wweq uosuMly | 62t+0¥S
oanid WaAa Buunp pajied 1No pausLILIC) 1HITY ONIONYT SAVH | 85+01S
oanid Bupyiom JoN ino pajuaLIWog 13TV QUO4TY LW | 95+0PS
olanid "£610¥S 18 s|qelieAr Bjep pabnes) “dmjoeg 1nO pajuswwo] 8 1937 JOOMIS0Y | 8BECHS
OlARd ¥S10¥S 97V ITUNASTHEVH | LBE0FS
$S10YS UBRY] [[RJUIRS $88] PARIODA) — JNO JUSWUWIOS | SE uole20| slues
pasoway : sBuipug anssy aweN ‘ON

voday jeojuysel




Technical Report

A2 Sub-area rainfalls

The SUBRAIN utility weights the rainfall data at cach of the stations based on the inverse squarc of
the distance to the centroid of each sub-area. The user is able to specify how many of the closest
stations should is used in this analysis, and the default value adopted historically for the Brisbanc
River catchment has been 4,

Figurc A-1 compares the data rainfall available during the event (hollow black circles) to all of the
data that is now available. It also displays the rainfall totals over the event (9am 2™ January to 9am
20™ January 2011).

Using the two data scts shown in Figure A-1, the SUBRAIN utility was used to estimate catchment
average rainfall depths over cach of the URBS sub-areas, using the default of the closest 4 stations, as
well as 6 stations. These are compared in Figure A-2 below. A comparison of the difference in the
results when just operational or ali available gauges is provided in Figure A-3. The results vary
depending on the sub-catchment and the gauges available, but it shows that for the higher rainfalls
recorded in the Somersct and Upper Brisbane River catchments, using only operational gauges results
in higher sub-area rainfalls. This is consistent with the maps shown in Figurc A-2. Figure A-4 shows
that the difference between using n=4 or n=6 is minor.

It should be noted that this sensitivity analysis was performed before the rainfall gauges were
finalised. For this reason, some of the plots shown may differ slightly from those shown in the body
of the report.
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«  Figure A-2: Comparison of URBS sub-area rainfalls using data available during the event
(left) and all rainfall data available after the event (right). All have been determined using
the URBS SUBRAIN utility with either the closest 4 or 6 stations.
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Appendix B Review of 2005 Model

To assist Scqwater in understanding the appropriateness and robustness of the MIKE 11 model
developed in 2005 and define what improvements could be made by SKM in the allotted time the
provided modcl has been reviewed. The aspects of the model that have been audited arc provided
below with summarics of the findings (note: it has been assumed that readers of this report will have
some understanding of hydrodynamic modelling).

B.1 Model Schematisation

Due to the naturc in which the MIKE 11 model has iteratively developed over time it is difficult to
exactly determine how the model was schematically worked up to represent the routing aspects of the
river and associated structures and features. In spite of this, following a review of several reports and
associated spatial data scts obtained for the purposes of this study it is apparcat that the overarching
approach has been to use extended cross sections to represent the channel and floodplain with higher
level linking channels connecting particular reaches of the system for when floodwaters would get out
of bank (floodplain spills). This type of schematisation is typical in | Dimensional flood flow
modelling. '

B.2 River Channel Cross Sections .

The MIKE 11 model is made up of a large number of river channcl cross sections representing the
Brisbanc River and its associated tributaries. For the Brisbane River itself, there are 263 channel
cross sections representing a river reach 149740m making the average eross section spacing of around
500m. With the model forming a stratcgic representation of flood flow processes this level of detail is
considered appropriate.

Although an audit of each of the cross seetions is beyond the scope of this review, a number of issues
have been found with those scctions that represent the Brisbane River itself. [n the examples provided
in Figurcs Bt and B2 below it can bc seen that cross scctions do not adequately represent the
floodplain and inciudc cross sectionat arca that should ideally be removed rather than separated from
the processed data (the hydraulic curves which are used by the simulation engine} through the use of a
levee marker (a modelling unit whieh acts like a glass wall). Typieally, and it would be expected that,
thesc sorts of occurrences would be represented as follows:

» compartmentalisation of the main LD river and floodplain sections with spills along the river
bank linking the 2 reaches together (one cross scetion representing the channel and one of the
floodplain);

» defined arcas of storage; and/or

» through the use of a 2-Dimensional flood spreading module.
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FATLNT ERENT MELD

Of the 28 bridges that have been identified 11 are currently represented within the MIKE 11 model
to some degree (highlighted in bold in Table 1) in a culvert and weir arrangement (the culvert
representing the bridge constrietion and the weir represcnting floods flows ovcertopping the
structure and floodplain). The audit has not been able to compare the representation of these
bridges to survey, but has instead undetrtaken a sensibility check on the manner the structures have
been represented.  The detail of this review is provided below and a summary of the overarching
issues that have been identified is provided below:

v Bridge deck levels set below soffit levels — This effectively does not represent the hydraulic

effect of the bridge surcharging.

»  Bridge deck widths are either greater or smaller than the bounding upstream cross section —
This will either cause issucs in calculating the relationships between discharges and levels or
may throttle more severe flood flows, as the full deck way and cross scetion arca are not being
represented.

n  Bounding upstream cross sections do extend above the soffit level of the bridge — This will not
represent the hydraulic cffect of the bridge surcharging.

w  Very small slots located at the bottom of structure in the bridge profile — This will cause
stability issues for the MIKE 11 model.

SINCLAIR KHIGHT MERZ
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B.4.2 Stream Flow Gauging

Stream flow gauging on the Brisbane River which is represented in the MIKE 11 model is typically
undertaken at bridge locations due to presumably the ease of access the transport network provides.
Of thosc stream flow gauges that are currently operational, the following in Table B-2 are
represented as part of the hydraulic representation of the bridge: '

s Table B-2 — Stream flow gauging represented in the MIKE 11 model

Station Name CBM Number AWRC Latitude Longitude Owner

Number
COLLEGES

BUREAU/LOCAL

CROSSING 540063 143868 -27.55 152.79
ALERT ' GOVERNMENT (iCC)
KHOLO ‘
BRIDGE ALERT 540256 143864 -27.56 152.74 SEQWATER
MT CROSBY
ALERT 540199 143839 -27.53 152.79 SEQWATER

With the auditing of the bridges already discussed in the previous section and no other stream flow
gauging specifically represented in the MIKE L1 model on the Brisbane River itself no further
auditing of the stream flow gauges has been undertaken.

B.5 Representation of Roughness

The representation of roughness in river systcm models is typically undertaken using the Mannings
‘n’ coefficient of roughness. This coefficient accounts for a number of aspects representing the
overall resistance a particular area would have on the flow in either the channel or floodplain.
Values do vary from location to iocation and from season to season (more vegetation during the
summer periods would result in higher values), but typically are within the order of the 0.03 to 0.07
other than at locations where the river meanders when valucs may be higher to account for the

headlosses that would occur.

During the initial development of the MIKE 11 model during 1998 and 2000 the developers
accounted for the meandering component in the overall estimation of roughness and applied this to
cross sections through the use of either higher local resistance factors contained within the cross
scctions themselves or by sctting higher local resistance factor within the HD parameter file. This
amalgamated in the use of some very high roughness values (0.2 in some instances) in a number of
locations. Although on occasions and/or situations this may be appropriate, the broad types of land
uses discussed in the reports that have been reviewed as part of this study and a review of the acrial
photography which is frecly available on google maps underlines that the use of such high values
of roughness cannot be justified and is crroncous. It is difficult to identify what effect this would
have on past results with a number of crrors built up into the model, but no doubt this would have
acted to mask them.
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In revicwing the actual locations of where roughness is specificd in the channel cross sections it has
also been found that a number of locations have either been mistakenly or incorrectly specificd.
For example, in Figure 4 it can be scen that the far left floodplain has an area of low roughness
which would scem to be mistakenly specified, and in Figure 5 it can be scen that the area of lower
roughness (or the arca that rcpresents the main river channel) is specified at a very low level. Both
of thesc issues that have been identificd will cause the inodel to be more unstable and less accurate.
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Another aspeet, which is not as critical as those already discussed, is the actual convoluted manner
in which roughness has been applied in the model. The use of varying local and global roughness
values in either the actual cross sections or HD parameters has made auditing the model more
difficult as cross sections cannot be readily compared to one another and is prone to error.

B.6 Model Inputs and Boundaries

There are 12 upstream boundarics (or inflow locations), 1 downstream boundary (or the tidal
mouth), and 26 ‘baseflow’ locations. It is not quite clear why these baseflow inputs (additional
0.1m%s) are included in the model, but it is likely they have been ineluded to limit the drying out of
river channel cross scctions during simulation and thereby iinprove its stability (“sweefener
Slows ). Although with the amounts of flow added to the model this can be viewed as a minor
error with the model, they can casily be mistaken to be representative inputs to the model and does
then question the suitability of the flood levels that are predieted by the model on these reaches
{c.g. Six Mile Creek).

B.7  Model Setup

The model provided was setup to simulate to solve the hydrographs inputted at intervals of 15
seconds (a fixed timestepping scheme). Whilst this level of timestep may be optimum for areas of
.the hydrodynamic model, it is likely that the use of a defined timestep will causce the routed flood
hydrograph to cither be dampened, or elevated, and thereby causc the model to be less stable. It is
not understood why a fixed timestep has been used when typieally an adaptive timestep is used in
default so that the results of the hydrodynamic model are independent of timestep size whilst
optimizing run times at the same time.

To provide initiat conditions for the routing of flood hydrographs through the MIKE 11 model is
cutrently setup whereby it relies on the use of a ‘hot start file’ (the results of a previous run).
Although certain situations and scenarios may dictate its use, it does not make the model flexible as
cither a tool that can be furthered developed (particularly if storage areas arc added, as a wrong
initial condition may mean incorrect volumes are calculated) or for operational use as a flood
warning and forecasting tool. The use of so many stabilising inputs demonstrates that the model
has been poorly constructed, as the simulation engine is reliant on the “firdging faciors” for the
computation of hydrographs it is provided.
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Review of Hydraulic Modelling
Queensland Floods Commission of Inquiry

1. EXECUTIVE SUMMARY

1.1. Background

1 The Queensland Floods Commission of Inquiry (the Commission) engaged, Mark
Babister, Managing Director of consulting firm WMAwater, to provide expert technical
advice and analysis to the Commission throughout the course of the Inquiry.

2 Following modelling of the January 2011 event by SKM on behalf of Seqwater, the
Commission has asked Mr Babister to review the model and to make comment on its
suitability for analysis of the January 2011 Brisbane River flood. Further, the Commission
seeks answers to the questions below:

a) To what extent was flooding (other than flash flooding) in the mid-Brisbane River, the
Lockyer Valley, Ipswich and Brisbane during January 2011 caused by releases from
the Somerset and Wivenhoe Dams?

b) To what extent did the manner in which flood waters were released from the Somerset
and Wivenhoe Dams avoid or coincide with peak flows from the Bremer River and
Lockyer Creek?

c) Had the levels in Somerset and Wivenhoe Dams been reduced to 75 per cent of full
supply level by the end of November 2010 (both with and without amendments to the
trigger levels for strategy changes in the Wivenhoe Manual) what impact would this
have had on flooding?

d) What effect would the implementation of different release strategies (to be identified
by WMAwater) have had on flooding?

3 The hydrodynamic model has been built using hydrodynamic modelling software called
Mike11 (Version 2009). A previous model sourced from Seqwater (Seqwater, 2005) was
used as a base for the work. SKM have substantially revised the model within the
Brisbane River, although modelled sections of Lockyer Creek and the Bremer River have
been left unaltered. The revisions included incorporating up-to-date topographical data
throughout the 149 kilometres reach of the Brisbane River downstream of Wivenhoe Dam.

1.2. Model Review

4 WMAwater's model review work began on 27 June 2011. Significant issues were
identified with the model (Version 1) presented by SKM and utilised in the scenario
modelling presented in SKM’s report of 24 June 2011 (Reference 2). Following a meeting
between WMAwater, SKM and Seqwater on 1 July 2011, SKM were able to revise the
model to address the issues identified and subsequently WMAwater received new
calibration results on 5 July 2011. Via a joint meeting between SKM, Seqwater and
WMAwater on the same day agreement was reached on the model build and calibration.
From WMAwater’s perspective the agreement acknowledged that whilst not ideal, the
model presented the best available opportunity to answer questions from the Commission

WMAwater
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as noted above in Paragraph 2. WMAwater received a revised model (Version 2) on 7 July
2011.

5 The revised model exhibits good performance for standard quality control metrics — mass
is conserved, the model is stable, utilises reasonable roughness parameter values and
produces results that compare favourably with gauged data within its area of validity.
Specifically the model has been demonstrated to match recorded flow level at three
stream gauge stations downstream of the flow input location at Mt Crosby (i.e. Moggil,
Jindalee and Port Office). Emulation of measured flow velocities at Jindalee is shown to
be good and also the model matches peak flow at Jindalee as gauged during the January
2011 event (at or near the peak). Confidence in the model provided could be improved if
the model was demonstrated to be able to replicate behaviour from other historical events
without the need to substantially change model parameters (referred to as model
validation). Nonetheless the revised model (Version 2) is considered fit for purpose to
address most of the questions put forward to WMAwater by the Commission.

6 As the upper tributary flows are inserted into the model at Mt Crosby model results are
only valid downstream of Mt Crosby. Also neither the Lockyer Creek or Bremer River
systems have been calibrated or revised as part of SKM’'s work. As such the extent of the
calibrated model is limited to the Brisbane River from Mt Crosby to its most downstream
location in Moreton Bay. A full discussion of limitations of the model in its current form is
provided in Section 4.10.

7 SKM provided the Version 2 model to WMAwater so that limited analysis, based on the
Commission’s specific enquiries, could be carried out. For consistency and to ensure that
no contention existed around the model version used in analysis WMAwater utilised
SKM’s model without alteration except where explicitly noted.

1.3. Conclusions

8 Based on analysis of the calibrated model results for the January 2011 flood, as well as
additional results from alternative scenario testing, WMAwater draw the following
conclusions:

a. Flooding in the Brisbane River downstream of Mt Crosby occurred as a result of
combined flow from Wivenhoe Dam releases as well as tributary inflows from
Lockyer Creek, the Bremer River, and other catchments. Quantification of the
relative contributions of each system is difficult, as the interactions between flows at
confluences are complex, particularly with regard to timing of peak flows and
backwater effects. The flooding caused by the combined flow from all tributaries is
therefore not strictly comparable to the hypothetical flooding resulting from the flow
of each tributary and results achieved from such comparisons are approximate only.
Nevertheless modelling of isolated flow components has been undertaken in order to
inform assessment work;

WMAwater
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The total volume discharged from Wivenhoe Dam between the 9™ and 16™ of
January was 59% of total flow volume in the lower Brisbane River during this period.
However, the bulk of this flood volume was released after the flood peak, thereby
providing flood mitigation benefits;

Modelling indicates that the peak of the Wivenhoe Dam releases reached the Mt
Crosby gauge approximately 9 hours prior to the peak of all other flows upstream of
Mt Crosby combined. However this assessment is limited by the modelling
approach for inflows at Mt Crosby as discussed in Section 4.9;

Gauging at Jindalee during the event, and near the peak, indicates that peak flow
was approximately 10,000 m%s. It is estimated that non-Wivenhoe Dam and
Wivenhoe Dam flows were roughly equivalent contributors to this peak flow value;
Wivenhoe Dam peak flows, at the confluence of the Brisbane and Bremer Rivers,
occurred near simultaneously with Bremer River peak flows. Significant
backwatering of the Bremer River occurred within the lower Bremer River to a
distance of approximately 15 km upstream of the confluence with the Brisbane River;
The combined flows of Lockyer Creek and Wivenhoe Dam had a significantly greater
influence than the Bremer River contribution on total flood flow downstream of
Moggill; and

If Wivenhoe Dam releases had occurred in isolation from any other flow in the
Lockyer/Bremer tributaries and other downstream catchments, peak flood levels
would have been lower at the Moggill, Oxley Creek, and Brisbane port Office
gauges, than as a result of the inverse scenario (tributary flows without any flow from
Wivenhoe Dam). This result is, however, in part attributable to the attenuating effect
of the empty Bremer River system under the “Wivenhoe only” scenario. A more
reasonable comparison where this effect is removed indicates that peak flood levels,
at all locations downstream of the confluence, are roughly equivalent for the two
scenarios.

9 Findings from alternative gate operation scenarios are summarised in the table below.
Please note that scenarios are as per descriptions below:

a. Case 1 —The calibrated January 2011 model results supplied by SKM;
b. Option A — Earlier transition to Strategy W4;
c. Option B -Wivenhoe Dam at 75% of Full Storage Level (FSL) prior to the flood;
d. Option C — Discharge at upper limit during Strategy W3;
e. Option D — An optimised release strategy, as outlined by one of the Seqwater Flood
Engineers in their statement to the Commission (Reference 3).
Table 1: Alternative Dam Operation Results
Location Case 1 Option A | Option B | Option C | Option D
Peak Flood Level (mAHD) | Peak Flood Level difference relative to Case 1 (m)
Moggill 17.6 -0.3t00.4 -0.7 -0.7 -0.9
Jindalee 13.1 -0.3t00.4 -0.6 -0.6 -0.8
Oxley 8.3 -0.2t00.3 -0.5 -0.5 -0.6
Brisbane 4.6 -0.1t0 0.3 -0.3 -0.3 -0.4
WMAwater

111024:QFCI_Model_Review.docx:28 July 2011 3



Review of Hydraulic Modelling
Queensland Floods Commission of Inquiry

10  Of these scenarios, Option D would have had the greatest impact with a reduction in peak
flood level at Port Office of 0.4 m and a reduction at Moggil of 0.9 m. However of the
scenarios investigated, Option D is also the least likely to be achieved in practice, as it
would have relied on foreknowledge of the flood far superior to that available to the Flood
Engineers, even taking forecast rain into account.

11 Option C is a more plausible alternative scenario, although it too would have required a
level of foreknowledge of the flood event at key decision points that was not available at
the time.

12 Option B, resulting from Wivenhoe Dam being at 75% FSL prior to the flood (either
through policy or antecedent rainfall conditions), and using existing gate operations
strategies from the Manual, would have resulted in a similar benefit to flood levels as
Option C. If gate operations were revised to take advantage of the additional storage
available under such a scenario, it is expected that the benefits on flood levels would
improve further, although such scenarios have not been investigated here due to time
constraints.

13  Various scenarios resulting from triggering Strategy W4 16 hours earlier were investigated
as part of Option A. There is some flexibility under Strategy W4 as to the rate at which
gate openings are undertaken to stabilise the dam level. An early transition to Strategy
W4 may have either worsened or improved the severity of flooding downstream of
Wivenhoe Dam, depending on the rate of gate opening adopted. Slower gate openings
under an early Strategy W4 scenario would have improved flood impacts, but would also
have required information about the timing and magnitude of the flood peak that was
unavailable at the time.

14  There are a number of plausible alternative scenarios that could have been undertaken
under Strategy W4 that would have resulted in worse (higher) flood levels downstream of
Wivenhoe Dam.

15 Whilst the flood level reductions indicated in Table 6 would have been a benefit and
reduced flood damages if they had been achieved, generally such scenarios could not
have been reasonably achieved with the information available at the time and under the
current operating strategies stipulated by the Manual. Nonetheless, these scenarios
highlight that for this event, earlier increases in releases from Wivenhoe Dam during 9 and
10 January could have reduced the eventual peak outflow and the resulting severity of
flooding experienced downstream.

16  With the information available during their operations, and using the strategies defined by
The Manual, WMAwater believe the Flood Engineers achieved close to the best possible
mitigation result for the January 2011 flood event.

WMAwater
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17  Care must be taken with interpreting these findings, which are based on a single large
flood event, in relation to the effectiveness of the strategies in The Manual for dealing with
future events, some of which will be larger. WMAwater consider that the recommendations
relating to gate operation strategies in the Report to the Queensland Flood Commission of
Inquiry in May 2011 (Section 9.2, Reference 4) are further supported by the findings in this
report, namely that:

a. ‘“Alternative gate operation strategies for flood mitigation should be reviewed ... for a
full range of flood events, with consideration of average annual flood damages
resulting from each strategy.”

b. “The review of gate operations should place particular emphasis on the hard transition
between the W3 and W4 strategies. Modifications that specify an increasing target
discharge at Moggill once key criteria are either reached or predicted to be reached
should to be investigated.”

WMAwater
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2. INTRODUCTION

2.1. Scope of the Report

18  WMAwater’'s work scope is defined by a letter from the Commission dated 17 June 2011

(ref:

DOC20110617), as quoted below:

| write to confirm the Commission requests that you review the hydrodynamic model
being developed by SKM for Seqwater. Further the Commission requests that if
possible, you use the model to answer the following questions:

To what extent was flooding (other than flash flooding) in the mid-Brisbane
River, the Lockyer Valley, Ipswich and Brisbane during January 2011 caused by
releases from the Somerset and Wivenhoe Dams?

To what extent did the manner in which flood waters were released from the
Somerset and Wivenhoe Dams avoid or coincide with peak flows from the
Bremer River and Lockyer Creek?

Had the levels in Somerset and Wivenhoe Dams been reduced to 75 per cent of
full supply level by the end of November 2010 (both with and without
amendments to the trigger levels for strategy changes in the Wivenhoe Manual)
what impact would this have had on flooding?

What effect would the implementation of different release strategies (to be
identified by you) have had on flooding?

Please include in your report a detailed assessment as to any difficulties with the
model, together with suggestions as to how (if at all), those difficulties may be
remedied.

Please also provide a detailed explanation as to the limitations upon any results
which you may obtain using the model.

19  WMAwater have undertaken the following tasks to address this scope of work, in
chronological order:

a. Reviewed Mike11 modelling work done by SKM for Seqwater;

b. Made an assessment of issues with the model;

c. Provided suggestions as to how any issues identified in the above step might be
remedied;

d. Provided, if possible, answers to Questions 1 and 2 from the Commission, as
indicated above;

e. Run arange of alternative scenarios gate release and prior dam storage scenarios to
assess impact on downstream flood behaviour; and

f.  Provided discussion as to the limitations of the results achieved in modelling these
scenarios.

WMAwater
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2.2. Sequence of Events

20 The sequence of events that have occurred throughout the hydrodynamic model review
and subsequent scenario analysis work is as follows:

a. 24 June 2011 5:35 pm — SKM advise WMAwater that model files are available for
download (Version 1 SKM model);

b. 1 July 2011 10:30 am — Conference call including SKM, Seqwater and WMAwater.
WMAwater provide preliminary feedback to SKM in regards to the reviewed model;

c. 4 July 2011 approximately 3 pm — Conference call between WMAwater and SKM in
regard to WMAwater’s preliminary findings of July 1;

d. 5 July 2011 approximately 11:30 am — WMAwater call to SKM to discuss progress
toward revised model;

e. 5 July 2011 3 pm — Conference call between WMAwater, SKM and Seqwater in
regard to model revisions and revised calibration. General concurrence on the model
build and calibration of lower Brisbane River elements is achieved;

f.  Model (Version 2 SKM model) subsequently issued to WMAwater (after COB 6 July
2011) and utilised for scenario modelling presented herein; and

g. 13 July 2011 — WMAwater issue report to Commission.

WMAwater
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3. AVAILABLE INFORMATION

3.1. Data Relied Upon

21 Model files utilised are listed in Section 4.6. Please note the files listed are Version 2
model files for Case 1 — January 2011 calibration. Prior to Version 2 of the model SKM
supplied WMAwater with Version 1 of the model.

22  Spreadsheets from Seqwater containing gate operations rating curves and flood event
data, as reported in Reference 7.

3.2. Reliance Statement

23  This report has been prepared on behalf of The Commission, and is subject to, and issued
in accordance with, the provisions of the agreement between WMAwater and The
Commission.

WMAwater
111024:QFCI_Model_Review.docx:28 July 2011 8



Review of Hydraulic Modelling
Queensland Floods Commission of Inquiry

4. MODEL REVIEW

4.1. Introduction

24  The model review focuses on the Mike11 hydrodynamic model (Mike11 version 2009) built
by SKM (based on Seqwater’s 2005 model) and calibrated to the January 2011 event.
Two versions of the model are discussed. WMAwater have been involved from the point at
which SKM first provided Version 1 of the model for revision up until SKM made Version 2
of the model available to WMAwater for further review and scenario modelling.

25 A general assessment of any hydrodynamic model will typically consider a variety of
elements depending on the application. These elements generally include:
a. The model extent, location of boundaries, cross-sections, roughness values and other

parameter settings used, boundary inputs and structure implementation;

Mass balance;

Stability;

Run-time (indicative of overall build and stability);

Calibration results; and

Fitness for purpose.

~® a0 o

4.2. Seqwater 2005 Mike11 Model

26 SKM also provided a 2005 version Mike11 model previously developed by (or for)
Seqwater. This same model is reviewed in SKM’s report with findings and details
presented in Appendix B of SKM’s report (Reference 2). The SKM review found that the
model was not in a condition suitable for use within Seqwater’s overall flood forecasting
system or for the establishment nor extension of stream gauge rating tables (in particular
for larger events). Key shortcomings of the model, as noted in SKM’s report are:

a. Cross-sections do not adequately represent the floodplain and include false areas of
conveyance (page 73 and figures B-1 and B-2);

b. Improper schematisation of structures in some cases (e.g. Centenary Highway Bridge
at Jindalee);

c. Roughness values were in excess of standard acceptable values when compared to
available resources such as Chow (1959), for example;

d. Some errors in applying roughness to specific cross-sections;

e. Areliance on hot starts and steady state flow inputs to improve stability; and

f.  Relatively small time step not suited to optimal run time.

27 WNMAwater did not undertake a review of the 2005 version of the model.

WMAwater
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4.3. Version 1 SKM Model — Case 1 (January 2011 Calibration)

28

29

The WMAwater review of the Version 1 model found some issues with the model build

which undermined the legitimacy of calibration and scenario runs as presented in the

recent report by SKM and Seqwater (Reference 2). Figure 1 to Figure 4 demonstrate the

issues which are summarised below:

a. Flow velocities modelled were unrealistically high (cross-sectional average velocities
greater than 10 m/s);

b. Model stability was poor;

c. Roughness values were artificially high, presumably to compensate for high flow
velocities; and

d. Runtime was excessive.

Overall the issue which led to most problems in the model was the resistance approach
used. In summary, there are two possible issues with the use of the “Resistance Radius”
approach (as adopted in the Version 1 SKM model). First, when used in conjunction with
relatively high flow zone multiplier values it leads to artificially constrained cross-sectional
area within the processed value table of the cross-section (*.xns11) files used in Mike11.
Second, the “Resistance Radius” approach is less suited to deep cross-sections with
steep side slopes as are found in many locations on the Brisbane River. Through some
combination of these two mechanisms very high mean velocities were modelled (see
Figure 1). The high modelled velocities were approximately 4-5 times what was achieved
using an alternative resistance formulation and compared to gauged velocities at Jindalee
were demonstrably false. The high modelled velocities in turn seemed to exacerbate
stability issues and require the higher roughness values observed in the model. Please
note that velocities presented are average velocity over the entire modelled cross-section,
not peak in-bank velocity.

Figure 1: Velocity Time Series (modelled) at Jindalee (SKM Model Version 1)

Jindalee Velocity
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WMAwater
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Figure 2: Discharge Time Series (modelled) at Mt Crosby Bridge (Version 1)

Figure 3: Water Level Time Series (modelled) at Mt Crosby Bridge (Version 1)

WMAwater
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30

31

Figure 4: Model Results (Version 1) at Port Office versus “Fixed” model results

Figure 2 and Figure 3 indicate the Version 1 model’s lack of stability with discharge
fluctuating between 40,000 m%s and negative 70,000 m*/s in Figure 2 (actual discharge
peaks at approximately 9,000 m%s) and the water level fluctuating between approximately
21 mAHD and 28 mAHD in Figure 3 (actual peak water level is approximately 26 mAHD).
Note both results are at Mt Crosby Bridge and both results are indicative of the worst of
the stability issues in the model.

As part of the review process the Version 1 model was altered to a different resistance
method and this reduced maximum cross-sectional average velocities in the Brisbane
River from 10 m/s to approximately 2.5 m/s. The impact this change had on model results
in the Version 1 model is shown in Figure 4. Note that whereas previously, with the
unreasonably high velocities, the modelled water level was a good match for the gauged
water level at Port Office, when the velocities are a more reasonable value (see “Revised
Velocity” versus “Case 1 Velocity” in Figure 4), the modelled peak water level increases
from 4.5 mAHD to approximately 6.2 mAHD. This demonstrates that the parameters used
in the Version 1 model did not produce a reasonable match for both water level and
velocity at the Port Office gauge. When there was a good match for water levels, velocities
were too high, and when velocities were at a reasonable magnitude, water levels were too
high.

WMAwater
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32

4.4,

33

4.5.

34

4.6.

35

WMAwater provided early feedback in regard to the model issues. SKM then proceeded
to rapidly address these issues and provided WMAwater with a revised model late on
6 July 2011 (Version 2). Further review work herein will focus on Version 2 of the model
as this is the model version used in all subsequent analysis carried out by WMAwater. It is
noteworthy however that previous results obtained using the Version 1 model, presented
in SKM’s report (Reference 2) will require revision in light of the serious issues identified
with Version 1 of the model.

Version 2 SKM Model — Case 1 (January 2011 Calibration)

The review of the SKM model (Version 2) was required within a limited period of time. For
this reason the scope of the review is limited. In the first instance the review seeks to
describe and then assess the model generally. Also the calibration of the model is
assessed and comments are made as to the limitations of the model. The main purpose of
the review was to assess whether the model was suitable for answering the questions put
to WMAwater by the Commission.

Review Caveats

The review does not extend to the Lockyer Creek and Bremer River model elements as
SKM make no assertion in regard to these parts of the model. Model behaviour upstream
of Mt Crosby bridge is also not focussed on as the boundary conditions method used is
not suitable for areas upstream of this point. This issue is further discussed below.

Files Provided and Reviewed

Files reviewed are as follows. Please note that 2005 Seqwater model files were also
provided but not reviewed given limited time available and given SKM’s review
(Reference 2) had already deemed them unsuitable for use in modelling of the January
2011 event.

Table 2: Files reviewed as submitted by SKM

WMAwater
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36

4.7.

37

38

39

The main files constituting a Mike11 model are as follows:

a. Simulation file (*.sim11) — coordinates other model files found below and also dictates
the period over which the simulation will occur, time step and the name of the result
file and the save increment;

b. Network file (*.nwk11) — defines the spatial location of the model, the linkage between
model branches and structures included in the model (bridges, weirs and culverts);

c. Cross-section file (*.xns11) — defines the topography of the branches modelled via a
series of cross-sections with location along the branch specified by “chainage”;

d. Boundary file (*.bnd11 with linked time series files (*.dfs0) for boundary inputs) —
indicates where inputs such as tidal data or inflow hydrographs should be applied
within the model network and also links to the time series files which contain the
boundary condition information ; and

e. Parameter file (*.hd11) — contains a variety of parameters, with the global roughness
value being the most important of these. Also contains parameter settings pertaining
to the solution scheme such as delta (forwardness value) and the iteration criteria.

Description of the Model

The overall model consists of 91 branches although all but 17 of these are link type
branches rather than modelled creeks/rivers. The main focus of this review is on the
Brisbane River section of the model from downstream of the Wivenhoe Dam spillway
(chainage 930,070 m) to Moreton Bay (chainage 1,078,525), a total distance of
approximately 149 kilometres. This reach is described by approximately 240 cross-
sections. Only one structure is modelled on the Brisbane River and this is the Mt Crosby
Bridge (chainage 988,150 m).

Key landmarks in the model are as follows. All landmarks relate to the Brisbane River
unless otherwise specified:

a. Confluence of Brisbane River with Lockyer Creek (chainage 931,020 m);
b. Confluence of Brisbane River with Bremer River (chainage 1,006,200 m);
c. Lowood Gauge Station (936,820 m);

d. Savages Crossing Gauge Station (948,120 m);

e. Mt Crosby Gauge Station and Bridge (approximately 988,000 m);

f.  Ipswich Alert Gauge Station on the Bremer River (1,014,640 m);

g. Moggil Gauge Station (1,006,300 m);

h. Jindalee Gauge Station (1,026,170 m);

i. Oxley Gauge Station (1,040,090 m); and

j-  Port Office Gauge Station (1,055,280 m).

The main locations of boundaries within the model domain are at:

a. The upstream end of the Brisbane River representing Wivenhoe Dam releases
(chainage 930,070 m);

b. Immediately upstream of Mt Crosby Bridge where all upstream flow not inclusive of
Wivenhoe Dam releases is applied to the model (chainage 988,000 m);

WMAwater
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40

41

42

43

c. Amberley and Walloon inputs within the Bremer River; and
d. Gauged tidal data applied at the downstream extent of the model.

Generally the Brisbane River is schematised as one main flow branch with areas of off-
branch storage represented in 28 discrete locations, distributed over the river from
chainage 948,254 m ( in the upstream) to chainage 1,066,425 m (in the downstream). Off-
branch storage is represented via linked side storage areas (described in the *.nwk11 file
using elevation / area relationships) and presumably this information was extracted from a
digital elevation model (DEM) derived from aerial LIDAR survey. The amount of storage
provided at these locations has not been reviewed nor has the capacity of linking
structures to transfer flow (or the height at which such transfers occur).

In numerous other cross-sections significant floodplain area is modelled as being part of
the main flow path, and this approach will in many cases over estimate conveyance and
underestimate attenuation from overbank areas of floodplain. This will tend to lead to
modelled hydrographs travelling downstream relatively quickly when compared to gauged
flow.

Cross-sections, as per SKM’s report (June, 2011) are composites of in-bank details
surveyed previously (specific date unknown but TOPO-ID is “2003-x") and overbank data
extracted from a 3 m DEM (survey date unknown).

An issue noted with regard to the model cross-sections is that in some cases the cross-
sections contain an inadequate amount of the floodplain and as such are subject to
extrapolation error. This situation will typically overestimate peak flood level and lead to
underestimation of system attenuation. An example is shown in Figure 5 for a cross-
section at chainage 934,270 m on the Brisbane River, approximately four kilometres
downstream of the Wivenhoe Dam outlet. Note that peak water level exceeds the defined
topography. In such a situation Mike11 extrapolates vertically from the defined top left
bank and top right bank. This issue was only observed in a small minority of model cross-
sections and is unlikely to affect the model results significantly.

WMAwater
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Figure 5: Mike11 Cross-Section with insufficient floodplain detail
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44  Model roughness used throughout the model is based on “Total Area Hydraulic Radius”.
This approach is reasonable, particularly given that in many cross-sections, substantial
portions of the flow remains within steeply banked flow channels (Reference 5).

45 Roughness utilised throughout the model is established via a combination of a global
roughness value set in the *.hd11 file and lateral roughness multipliers set in the *.xns11
file. Effective roughness values (as Mannings ‘n’) used in the modelling have been
summarised by SKM as per Table 3 below.

Table 3: SKM Roughness Values applied to Version 2 Model

Brisbane River model reach Mannings 'n' Value
From (m) To (m) Channel Floodplain
930,070 950,270 0.074 0.084
951,200 963,595 0.053 0.084
964,170 994,760 0.055 0.105
995,690 1,002,785 0.053 0.084
1,003,275 1,019,490 0.042 0.084
1,020,115 1,025,590 0.047 0.084
1,026,170 1,036,770 0.045 0.084
1,036,915 1,078,525 0.024 0.084

46  Whilst it is likely that in some cases higher roughness values have been applied than
might otherwise have been used, in order to aid model attenuation, i.e. as a solution to

WMAwater
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schematisation and cross-section issues described above, generally the values used are
reasonable and comparable to those found in the standard texts such as Chow
(Reference 6). Lower in-bank roughness values are expected in downstream estuarine
areas.

47  The main flow inputs to the model are as follows. The relative contribution of flow sources
to total flow volume is discussed further in Section 5:

a. Wivenhoe Dam releases;

b. Other tributary Inputs upstream of Mt Crosby — these are lumped together in the “All
inflows Mt Crosby” item in the flow time series file;

c. Bremer River inputs — there are several inflows within the Bremer River system but
the main ones are Walloon and Amberley; and

d. Other miscellaneous tributary inputs — several relatively minor local flows are input
into the model at appropriate locations.

WMAwater
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4.8. Assessment of Calibration

48 As described above the calibration is valid only below Mt Crosby Bridge. Data available
for assessment of the calibration includes the following:
a. mean measured velocities (via acoustic Doppler radar) at Jindalee stream gauge
station during the event;
b. gauged discharge at Jindalee during event; and
c. recorded water level at Moggil, Jindalee, Oxley and Port Office.

49  Figure 6 to Figure 10 describe the calibration result. Overall the match between gauged
and modelled water level is excellent at Moggil and Jindalee, particularly in regard to peak
behaviour. The match is very good at the Port Office although the modelled peak does
occur too early at this location. The match to mean velocity between modelled and
observed data is excellent. Modelled discharge at Jindalee is also well matched with the
model estimating discharge at close to 10,000 m?s, as per the gauging. The match to Mt
Crosby is excellent but less relevant since this point was used to derive the input flow and
also because it is located directly next to a major model boundary.

50 The model has a tendency to underestimate observed routing time, with the effect most
evident at Port Office, the furthest distance (67 kilometres) downstream of Mt Crosby. The
tendency of the model to have the flow arriving early relates to the likelihood that the
model does not currently represent the storage of the system and resulting attenuation of
flood flows, particularly between Jindalee and Port Office. The effect is slight however and
likely exacerbated by the timing relative to the tide.

Figure 6: Comparison of gauged and modelled water level — Mt Crosby
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Figure 7: Comparison of gauged and modelled water level — Moggil
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Figure 9: Comparison of gauged and modelled velocities
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Figure 10: Comparison of gauged and modelled water level — Port Office
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51

4.9.

52

Overall the approach has provided a well calibrated modelling tool (between Mt Crosby
and Moreton Bay) that can be used to answer the Commissions questions in regard to the
January 2011 event and how flood levels downstream of the Dam were impacted by
Wivenhoe Dam releases. Further it provides a basis for assessing how variations on the
actual Wivenhoe Dam operations might have impacted peak flood level results
downstream of the Dam.

Comments

Boundaries — Whilst the model domain includes the Brisbane River up to the outlet of
Wivenhoe Dam the January 2011 event does not include tributary inputs such as Lockyer
Creek inflows and other local inputs. Instead a lumped accumulation of inputs upstream of
Mt Crosby Bridge (minus Wivenhoe flow), has been back calculated based on a Mike11
derived rating for the Mt Crosby stream gauge. Figure 11 describes the process and its
inherent circularity i.e. the model to be calibrated is used to derive a key calibration input.
Also the use of Mt Crosby as a major boundary is non-ideal because it doesn’t allow for
the adequacy of the model upstream of Mt Crosby to be assessed during the calibration.
The same approach could presumably have been carried out at Lowood, approximately 50
kilometres up river, extending the overall portion of the model useful for analysis and
interpretation.

Figure 11: Flow chart describing the derivation of All upstream Mt Crosby Input Hydrograph

WMAwater
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53

54

55

Inadequate separation of floodplain storage from cross-section conveyance characteristics
— It is noted that SKM have had a limited time to work on the model and that this has
constrained their model development. Also the model build is based on a revision of the
original Seqwater model and this dictated the methodology used to some extent. However
the model as it currently stands appears to lack adequate attenuation, particularly between
Mt Crosby and Port Office. It is likely that by incorporating parallel overbank flow paths,
overall model conveyance could be more effectively limited and more attenuation/storage
achieved. It is noted however that this model artefact may also be related to inadequate
representation of the Bremer River which has not been included in work to date.

Inadequate detail in cross-sections — In some cases this can lead to extrapolation of cross-
section data above supplied topographic information, leading to underestimation of flood
attenuation and overestimation of water levels for a given flow (as per Figure 5). This issue
was only observed in a small minority of model cross-sections and is unlikely to affect the
model results significantly.

Non-optimal run time — Model run time is often an important indicator of general model
build quality. The model currently utilises an adaptive time step, allowing the model to
vary (based on criteria input by the modeller) the time step from between 30 seconds and
20 minutes. It is likely that the current criteria used with the adaptive time step mean that
in reality the model runs using a 30 second time step most of the time. As part of the
review the time step was changed to a fixed time step of 120 seconds and it was found
that the model ran in approximately one quarter of the time relative to when the adaptive
time step was used (total run time was less than four minutes) and that results are
identical. It is likely that even shorter run times could be accomplished with further
investigation and refinement of model schematisation.

4.10. Model Limitations

56

WMAwater consider the revised model (Version 2) fit for purpose for addressing most
aspects of the Commission’s questions (Section 2.1). Limitations of the Version 2 model
are included below for completeness of the review process, indicating areas where
attention may be required for further development of the model:

a) Quantification of the relative contributions of each system is difficult, as the
interactions between flows at confluences are complex, particularly with regard to
timing of peak flows and backwater effects. The flooding caused by the combined flow
from all tributaries is therefore not strictly comparable to the hypothetical flooding
resulting from the flow of each tributary. Because of this issue it is difficult to precisely
resolve the impact Wivenhoe Dam releases have in addition to other flows by
modelling Wivenhoe Dam flows only;

b) The method used to run the model (back calculation of flow input using a gauged
hydrograph) is incompatible with use of the model in the Flood Forecasting system;

c) The model is unable to separately model Lockyer Creek flow and estimate its
individual peak flow, volume and timing;

WMAwater
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d) Reliability of Brisbane River model upstream of Mt Crosby is unproven by calibration;

e) Bremer River model is not successfully calibrated and results must be used with
caution and as being indicative only; and

f) Given the model has been calibrated to the January 2011 event model but not
validated against other historical floods, accuracy for other events is not established.

WMAwater
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58

ASSESSMENT OF JANUARY 2011 FLOOD EVENT

Peak flow values for hydrographs input into the model include:

a. Wivenhoe Dam releases (peak flow 7,464 m%/s);

b. All Inflows Mt Crosby (peak flow approximately 5,000 m¥s); and
c. Bremer River (peak flow approximately 2,400 m%s).

Figure 12 shows hydrographs for the upper part of the model (upstream of Mt Crosby).
Lockyer Creek (Lyons Bridge and O’Reillys Weir) and other tributary flows are shown. For
the Case 1 model input, only “Wivenhoe Dam” and “All Inflows Mt Crosby” are used, as
the latter combines the other inflows upstream of Mt Crosby Weir.

Figure 12: Comparison of various input hydrographs from upper part of model

Figure 13 describes the proportion of total flood volume contained in each of the model
inputs from 9 January to 16 January inclusive (a period covering the majority of Wivenhoe
Dam releases until the point where discharge was reduced after the sustained release of
about 3,500 m%/s).. Wivenhoe Dam releases constitute the greatest proportion of overall
flow at 59%. Other inflows upstream of Mt Crosby account for 27%, the Bremer River
inputs 10% and miscellaneous others account for the residual 4%. The bulk of the
Wivenhoe Dam discharge was released after the flood peak, so these proportions are

WMAwater
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indicative of the total amount of flood runoff received from each of the tributaries, rather
than the contribution to the flood peak

Figure 13: Percentage of flood volume from various sources 9-16 January 2011

59 SKM's calibrated model estimates that peak discharge at Mt Crosby was 9,500 m%/s.
Modelling of Wivenhoe Dam flow only indicates that Wivenhoe Dam peak discharge at Mt
Crosby occurs 9 hours prior to the peak flow of other tributaries and 2.5 hours prior to the
peak flow/stage at Mt Crosby. Figure 14 below shows a plot of routed Wivenhoe Dam flow
versus flows from other tributaries (“All Inflows Mt Crosby”) at Mt Crosby.

Figure 14: Comparison of timing of Wivenhoe Dam release flow and flow from other sources

WMAwater
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61

62

63

Analysis presented by SKM (Reference 2) presented two scenarios — Case 2 and Case 3.
Case 2 was a model run of the January 2011 event without any Wivenhoe Dam
contribution (but all other model flows as per the calibration run). Case 3 was again a
model run of the January 2011 event although with no other flow contributions other than
Wivenhoe Dam releases. A comparison of the two runs at Port Office (for stage) was
used to indicate the relative contribution of Wivenhoe Dam and non-Wivenhoe Dam flows
to resultant flooding.

The Case 2 / Case 3 comparison provide a basic understanding of relative contribution of
Wivenhoe Dam and non-contributions to flooding during the January 2011 event. However
the interactions between the various Brisbane River inflows are a significant component of
the total observed flood behaviour, and removal of these interactions in Cases 2 and 3
results affects the outcomes of the comparison.

The most notable example is that in Case 3, the empty Bremer River system acts to
attenuate the Wivenhoe Dam flow, as a significant portion of the peak discharge is
diverted and stored in the lower Bremer River. Figure 15 shows the attenuating effect of
the Bremer River by comparing Case 2 and 3 near the confluence of the Bremer and
Brisbane Rivers. A negative flow up the Bremer River can be seen for Case 3 (Wivenhoe
Dam flows only) whilst in Case 2 the Bremer River makes a substantial contribution to the
Brisbane River flow.

In order to produce a more reasonable comparison WMAwater have run case 3c in which
the additional storage provided by the Bremer River system has been removed.

WMAwater
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64  Table 4 below indicates that at Moggil, Jindalee, Oxley and Port Office, Wivenhoe Dam
(Case 3c) and non-Wivenhoe Dam (Case 2) flows result in approximately equivalent flood
heights, indicating a roughly equivalent contribution to flood levels from both sources.

Table 4: Relative contribution of Wivenhoe Dam flows to peak flood levels downstream

Location | Casel | Case 2 | Case 3 | Case 3c
Peak Flood Level (mAHD)
Moggill 17.6 12.5 11.8 12.4
Jindalee 13.1 8.6 7.9 8.4
Oxley 8.3 4.8 4.5 4.8
Brisbane 4.6 2.5 2.4 2.6

65  Figure 16 indicates that Wivenhoe Dam and Bremer River peak flows arrive at the
confluence almost simultaneously. Ipswich flood behaviour is sensitive to backwater from
Brisbane River flooding (caused by flows from either Wivenhoe Dam releases or other

The exact additional flood height at Ipswich due to dam

releases during the January 2011 event cannot however be ascertained with the current

model. The susceptibility of large parts of the Bremer River system to backwatering are
illustrated by Figure 17 which shows a relatively level pool at approximately 18 mAHD in
the modelled profile of the Bremer River for the January 2011 event. Water level gauge
observations at several stations within the Bremer River system (Figure 18) indicate the
same, albeit at slightly higher heights.

catchments below the dam).

WMAwater
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Figure 16: Impact of Wivenhoe Dam flows on Bremer Flows and Levels at Ipswich
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Figure 17: Flood level profile in Bremer River for Calibration Event

Figure 18: Backwatering of Bremer River System — Calibration Event
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Figure 19: Bremer River System — Gauge Locations
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66

67

ASSESSMENT OF ALTERNATIVE DAM OPERATION STRATEGIES

To address the Commission’s questions about the potential effect of alternative dam

release strategies on the January 2011 flooding, and the consequences of reducing the

dams below full supply level prior to the flood, WMAwater investigated a range of
hypothetical scenarios as follows:

a) Case 1 — The calibrated January 2011 model results supplied by SKM form the base
case against which hypothetical scenarios are compared;

b) Option A — This scenario involves an earlier transition to Strategy W4 for the Wivenhoe
Dam releases, at 4pm 10 January instead of 8am 11 January as actually occurred (16
hours earlier). This corresponds to the first prediction of a Wivenhoe Dam level
exceeding 74.0 mAHD, based on modelling using scaled up forecast rain (Run 28,
Appendix A, Reference 7).

c) Option B — The storage level in Wivenhoe Dam is assumed to be at 75% of FSL prior
to the onset of the flood, but retaining the current operation rules.

d) Option C — This strategy explores the effects of increasing flows immediately after
entering Strategy W3 to the upper allowable limit (keeping total flow at Moggill below
4,000 m¥s).

e) Option D — An optimised release strategy, with the full benefit of hindsight and ignoring
restrictions from the Manual on total flow at Moggill, to reduce flood impacts
downstream, as outlined by one of the Seqwater Flood Engineers in their statement to
the Commission (Reference 3).

Peak flood levels at key locations from the alternative scenario modelling are presented in
Table 5 below. A negative value of “Peak Flood Level Difference” for a given scenario
indicates a benefit (i.e. a reduction in flood levels compared to what actually occurred).
Discussion of the results for each scenario are provided in the following sections.

Table 5: Alternative Dam Operation Results

Location Case 1 Option A | Option B | Option C | Option D
Peak Flood Level (mMAHD) | Peak Flood Level difference relative to Case 1 (m)
Moggill 17.6 -0.3t0 0.4 -0.7 -0.7 -0.9
Jindalee 13.1 -0.3t0 0.4 -0.6 -0.6 -0.8
Oxley 8.3 -0.2t0 0.3 -0.5 -0.5 -0.6
Brisbane 4.6 -0.1t0 0.3 -0.3 -0.3 -0.4

Discussion — Early Transition to Strategy W4 (Option A)

68 The primary goal in Strategy W4 is to maintain the safety of the dam, and the Manual
states that Wivenhoe Dam gates should be opened until the dam level begins to fall. In
order for the dam levels to fall, the outflow from the dam at a given time must exceed
inflow.

WMAwater
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70

There is some ambiguity in the Manual as to the rate at which gates should be opened
once Strategy W4 is triggered. On one hand the Manual states under Strategy W4A that
gate openings are occur at the intervals of 0.5 m every 10 minutes. On the other hand
there is a requirement to consider the “impact if rapidly escalating discharge...on
downstream reaches.” In practice during the January 2011 event, the Flood Engineers
opened the gates at a rate of about 1.0 m per hour under Strategy W4, which produced an
increase in outflow rate that mimicked the rate of increase of dam inflow. This appears to
be a reasonable rate of opening to balance the requirements under Strategy W4.

However this flexibility of gate opening rates means that if Strategy W4 had been engaged
earlier, two different courses of action would have been open to the Flood Engineers,
either:

a. To quickly escalate outflows to match inflows and stabilise the level in the dam,
resulting in a lower eventual peak lake level but a higher peak discharge than what
actually occurred; or

b. To increase outflows at a slower but steady rate, to make more use of the remaining
mitigation storage in the dam, resulting in a similar peak lake level as what occurred.

WMAwater investigated several alternative scenarios involving an early transition to

Strategy W4. Of these scenarios, Options A4 (Figure 20) and Option A5 (Figure 21)

respectively illustrate the two courses of action discussed above.

Figure 20: Option A4 Wivenhoe Dam Releases and Water Levels
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Figure 21: Option A5 Wivenhoe Dam Releases and Water Levels
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71 Option A4 uses a rate of gate openings of between 0.5 m to 1.0 m per hour, similar to
what was adopted for Strategy W4 during the January 2011 flood event. Option A5 uses a
slower rate of 0.5 m every 4 hours to take advantage of the additional storage space due
to the early transition.Modelling indicates that an early transition into Strategy W4 would
have had mixed results, depending on the rate of gate openings then adopted by the
Flood Engineers while under Strategy W4.

72 Option A4, where the gates are opened reasonably fast to stabilise dam levels, would
have resulted in marginally worse flooding downstream of Wivenhoe Dam, with an
increase of around 0.3 m to 0.4 m in peak flood levels at most locations on the Brisbane
River. It is noted that under such a scenario, the peak lake level in Wivenhoe Dam would
not have reached the 74.0 mAHD trigger level for Strategy W4, leaving a substantial
amount of flood mitigation storage unused. The flood volume released from Wivenhoe
Dam during the peak outflow period would therefore have been higher under this scenario.

73 Option A5, where the gates are opened at a slower rate, resulting in a similar peak lake
level but a lower eventual peak discharge, would have resulted in a relative benefit to flood
levels with a reduction of between 0.1 m to 0.3 m at most locations. Further discussion of
these outcomes is provided below. Implementation of the relatively slow gate openings in
this scenario would have required some knowledge of the size of the second inflow peak
to the dam. Given that additional rain of was forecast during the second peak (which did
not eventuate), such a strategy probably would not have been justified.
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74  ltis likely that had Strategy W4 been implemented earlier, the rate of gate openings would
have been somewhere between the Option A4 and Option A5 scenarios, and the resulting
impact on flood levels would have been similar to what actually eventuated.

75  This analysis indicates that from around 10pm on 10 January 2011 onwards, when inflows
to Wivenhoe Dam began to increase towards the second peak, the gate operations
strategy adopted did not have a significant influence on flood severity downstream, and
the strategy adopted by the Flood Engineers was towards the more effective end of the
range of plausible scenarios.

6.1. Discussion — Prior Dam level at 75% FSL (Option B)

Figure 22: Option B Wivenhoe Dam Releases and Water Levels
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76  The modelling indicates that this scenario would have reduced peak flood levels and
extents along the lower Brisbane River, which a reduction of around 0.7 m at Mogagill,
tapering to a reduction of around 0.3 m at Brisbane Port Office.

77  If Wivenhoe Dam had been at 75% FSL prior to the commencement of the flood, it would
not have reached the gate operation trigger level of 67.25 mAHD until around midday on 9
January, at around the same time as inflows to the dam began to increase substantially
towards the first inflow peak (at 8am on 10 January). Under these conditions, according to
the strategy flow chart on Page 23 of the Manual, Strategy W2 would have been engaged
almost immediately, with Strategy W3 being triggered within a reasonably short time
frame.
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78 By 2pm on 10 January, operating under Strategy W3, it is reasonable to assume releases
would have been similar to what actually occurred, although the dam level would have
been approximately 0.7 m lower. This extra storage space would have resulted in Strategy
W4 being triggered at a slightly later stage, and allowed for a lower peak release of around
5,200 m%/s from Wivenhoe Dam, if the same peak eventual level in the dam was allowed
to be reached.

79  This scenario would therefore result in a reduction in total flood volume released from
Wivenhoe Dam (about 11% lower), and a reduction in the peak discharge from the dam
from 7,500 m%/s to 5,200 m%/s (about 30%). This reduction in both total flood volume and
peak discharge would have resulted in lower peak flood levels in the lower Brisbane River
as per Table 5.

80 This scenario did not include the effect of reducing Somerset Dam to 75% of FSL. In the
limited timeframe available for this work, the additional complexity of resulting interactions
between the two dams prevented assessment of such a scenario. It is expected that such
conditions would have resulted in additional reduction in flood impacts downstream of
Wivenhoe Dam. However the incremental benefit would be lessened as the storage
capacity of Somerset Dam at FSL is less than 33% of the Wivenhoe storage capacity at
FSL.

81 This scenario did not include the effect of altering the trigger levels for dam release
strategies stipulated in the Manual. There are several ways such changes could be made
to re-allocate the additional storage available for flood mitigation that would come from
lowering the lake level below the FSL, and time constraints prevented these changes from
being assessed. The most likely would be to reduce the trigger levels in Strategy W1 and
W2 by a similar amount as the lake level reduction, and leave the trigger for Strategy W4
the same, so that the additional capacity was available for use under Strategy W3.

82 For the Option B scenario the effect of keeping the same gate operation strategies rather
than changing them to re-allocate the additional storage for flood mitigation is as follows.
Roughly 70% of the additional storage space available for flood mitigation (equivalent to
18% of FSL) would have been used up in the early part of the flood (by around 1pm on 10
January), as indicated by the first period of divergence between the green and orange
lines on Figure 22. Only 30% of the additional storage (or 7% of FSL) would have been
used up during the period of peak dam outflow, allowing the peak discharge to be lower
(the second period of divergence between the green and orange lines on Figure 22).

83 This indicates that if the trigger levels for Strategies W1 and W2 were reduced
corresponding to the reduction of lake level to 75% of FSL, such that the dam release in
the early part of the flood had been similar to what occurred, the full additional 25% of FSL
storage could have been used to reduce the dam outflow peak even further, and resulting
in improved impacts downstream.
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84

6.2.

These results are for the January 2011 flood event, and the outcomes may not be the
same for other floods. Any consideration of reducing water storage in the dam to improve
flood mitigation should take into account the trade-off risks to water supply security.

Discussion — Releases at Upper Limit During Strategy W3

Figure 23: Option C Wivenhoe Dam Releases and Water Levels
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Option C, whereby under Strategy W3 the Wivenhoe Dam releases would be increased to
the upper allowable limit as soon as possible, would result in a similar reduction of peak
flood levels and inundation extents as Option B (75% of FSL prior to flood).

The reason for this similarity can be observed by comparing Figure 22 with Figure 23, and
noting that from 2pm on 11 January the dam outflows and lake levels would have been
very similar under of the two scenarios. This is because the additional flow (compared to
what actually occurred) potentially released under this scenario between 12pm on
9 January and 2pm on 11 January, as shown by the divergence of the green line above
the purple line on Figure 23 during this period, would have brought the total water stored in
the dam back into line with the 75% FSL scenario.

It is important to note that enacting this scenario would have required the dam operators to
increase Wivenhoe Dam outflow to around 1,800 m%s by 12am on 9 January, which is
similar to the peak inflow that had been received into the dam until that time, and as such
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the only real mitigation provided by the dam up until that point would have been to delay
the flood peak rather than reducing it. The operators therefore would have required a high
level of confidence that the peak dam inflows were going to increase dramatically, as they
happened to do for the actual flood event, but were not expected to do based on
information available at the time. Seqwater modelling at that time (Run 12, Appendix A,
Reference 7) indicated that with or without forecast rain, the peak Wivenhoe Dam inflow
had already occurred at 12pm on 7 January, at 1,890 m%/s.

6.3. Discussion — Optimised Strategy

Figure 24: Option D Wivenhoe Dam Releases and Water Levels
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Of the alternative scenarios assessed, Option D produces the largest reduction in peak
flood impacts in the lower Brisbane River, with a reduction of 0.9 m at Moggill and 0.4 m at
Brisbane Port Office.

If full foreknowledge of the dam inflows is available, the dam releases can be optimised to
reduce peak discharge from the dam. Under this scenario, the peak outflow of Wivenhoe
Dam is reduced from 7,500 m%/s to 4,500 m®s (40% reduction). This significant reduction
in peak discharge accounts for the majority of the beneficial effect on peak flood levels
estimated in Table 5.

The implementation of Option D in reality would have been implausible, as it relies on
using discretion to increase discharge from Wivenhoe Dam above allowable thresholds
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under Strategy W3 during 9 and 10 January. It would have relied on foreknowledge of the
large second inflow peak into Wivenhoe Dam, which modelling did not indicate was likely
until early on 11 January (Run 35, Reference 7). As indicated above, by this point there
were few if any reasonable options available to the Flood Engineers which could have
significantly improved flood impacts compared to what eventuated.
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7. RESPONSES TO QUESTIONS FROM THE COMMISSION

91  WMAwater undertook a review of the original model provided by SKM (Version 1), and
identified issues that rendered the model unsuitable for use to answer the Commission’s
questions. SKM then provided WMAwater with a revised model (Version 2), which
WMAwater consider fit for purpose for addressing most aspects of the Commission’s
questions. Details of the review are provided in Section 4.

92 Brief answers to the specific questions asked by The Commission are provided below.
These answers rely on the information presented in this report for context.

To what extent was flooding (other than flash flooding) in the mid-Brisbane River, the
Lockyer Valley, Ipswich and Brisbane during January 2011 caused by releases from
the Somerset and Wivenhoe Dams?

93 Flooding occurred due to runoff from each of the Brisbane, Bremer and Lockyer Valley
catchments. Looking at the total volume of the flood event between the dates 9-16"
January 2011, Wivenhoe Dam releases accounted for 59%, Lockyer Creek and other
tributaries upstream of Mt Crosby accounted for 27% and the Bremer River accounted for
approximately 10% during this period. However the bulk of this flood volume was released
after the flood peak, thereby providing flood mitigation benefits. With regards to
contribution to the flood peak, from Moggil to the Port Office the proportion of peak flow
contributed by Wivenhoe Dam and non-Wivenhoe Dam sources was roughly equivalent.
To what extent did the manner in which flood waters were released from the
Somerset and Wivenhoe Dams avoid or coincide with peak flows from the Bremer
River and Lockyer Creek?

94 Based on analysis of model runs it appears that at Mt Crosby, peak Wivenhoe Dam flow
preceded the peak of other upper tributary flow inputs, including Lockyer Creek flows, by
approximately 9 hours. Further downstream it seems likely that peak flows from the
Bremer River and Wivenhoe Dam releases at Ipswich occurred almost simultaneously.
Had the levels in Somerset and Wivenhoe Dams been reduced to 75 per cent of full
supply level by the end of November 2010 (both with and without amendments to the
trigger levels for strategy changes in the Wivenhoe Manual) what impact would this
have had on flooding?

95 For a reduction to 75% of FSL in Wivenhoe Dam prior to the start of the flood, and without
amendment to trigger levels for strategy changes in the Wivenhoe Dam Manual,
downstream flood levels are reduced by up to 0.7 m (at Moggil) and by 0.5 m and 0.3 m at
Oxley and Port Office (Brisbane) respectively. If gate operations were revised to take
advantage of the additional storage available under such a scenario, it is expected that the
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benefits on flood levels would improve further, although such scenarios have not been
investigated here due to time constraints.

What effect would the implementation of different release strategies (to be identified by
WMAwater) have had on flooding?

96 Various options were run as follows:
a. Case 1 —The calibrated January 2011 model results supplied by SKM;
b. Option A — Earlier transition to Strategy W4;
c. Option B -Wivenhoe Dam at 75% of Full Storage Level (FSL) prior to the flood;
d. Option C — Discharge at upper limit during Strategy W3;
e. Option D — An optimised release strategy, as outlined by one of the Seqwater Flood
Engineers in their statement to the Commission (Reference 3).
Table 6: Alternative Dam Operation Results (Table 5 reprinted here for convenience)
Location Case 1 Option A | Option B | Option C | Option D
Peak Flood Level (mMAHD) | Peak Flood Level difference relative to Case 1 (m)
Moggill 17.6 -0.3t0 0.4 -0.7 -0.7 -0.9
Jindalee 13.1 -0.3t0 0.4 -0.6 -0.6 -0.8
Oxley 8.3 -0.2t00.3 -0.5 -0.5 -0.6
Brisbane 4.6 -0.1t0 0.3 -0.3 -0.3 -0.4

97  Of these scenarios, Option D would have had the greatest impact with a reduction in peak
flood level at Port Office of 0.4 m and a reduction at Moggil of 0.9 m. However of the
scenarios investigated, Option D is also the least likely to be achieved in practice, as it
would have relied on foreknowledge of the flood far superior to that available to the Flood
Engineers, even taking forecast rain into account.

98 Option C is a more plausible alternative scenario, although it too would have required a
level of foreknowledge of the flood event at key decision points that was not available at
the time. While modelling indicates this approach would have produced a benefit during
the January 2011 flood, no operational procedure can produce the optimal outcome for all
floods. The option C approach would generally produce beneficial outcomes in floods that
are large enough to eventually trigger Strategy W4, but would probably be detrimental in
moderate-sized floods that remain in Strategy W3.

99 Option B, resulting from Wivenhoe Dam being at 75% FSL prior to the flood (either
through policy or antecedent rainfall conditions), and using existing gate operations
strategies from the Manual, would have resulted in a similar benefit to flood levels as
Option C. If gate operations were revised to take advantage of the additional storage
available under such a scenario, it is expected that the benefits on flood levels would
improve further, although such scenarios have not been investigated here due to time
constraints.
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100 Various scenarios resulting from triggering Strategy W4 16 hours earlier were investigated
as part of Option A. There is some flexibility under Strategy W4 as to the rate at which
gate openings are undertaken to stabilise the dam level. An early transition to Strategy
W4 may have either worsened or improved the severity of flooding downstream of
Wivenhoe Dam, depending on the rate of gate opening adopted. Slower gate openings
under an early Strategy W4 scenario would have improved flood impacts, but would also
have required information about the timing and magnitude of the flood peak that was
unavailable at the time.

101 There are a number of plausible alternative scenarios that could have been undertaken
under Strategy W4 that would have resulted in worse (higher) flood levels downstream of
Wivenhoe Dam.

102 Whilst the flood level reductions indicated in Table 6 would have been a benefit and
reduced flood damages if they had been achieved, generally such scenarios could not
have been reasonably achieved with the information available at the time and under the
current operating strategies stipulated by the Manual. Nonetheless, these scenarios
highlight that for this event, earlier increases in releases from Wivenhoe Dam during 9 and
10 January could have reduced the eventual peak outflow and the resulting severity of
flooding experienced downstream.

7.1. Additional Comments

103 With the information available during their operations, and using the strategies defined by
The Manual, WMAwater believe the Flood Engineers achieved close to the best possible
mitigation result for the January 2011 flood event.

104 Care must be taken with interpreting these findings, which are based on a single large
flood event, in relation to the effectiveness of the strategies in The Manual for dealing with
future events, some of which will be larger. WMAwater consider that the recommendations
relating to gate operation strategies in the Report to the Queensland Flood Commission of
Inquiry in May 2011 (Section 9.2, Reference 4) are further supported by the above
analysis, namely that:

a. ‘“Alternative gate operation strategies for flood mitigation should be reviewed ... for a
full range of flood events, with consideration of average annual flood damages
resulting from each strategy.”

b. “The review of gate operations should place particular emphasis on the hard transition
between the W3 and W4 strategies. Modifications that specify an increasing target
discharge at Moggill once key criteria are either reached or predicted to be reached
should to be investigated.”
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APPENDIX A: GLOSSARY

Taken from the NSW Floodplain Development Manual (April 2005 edition)

Annual Exceedance
Probability (AEP)

Australian Height Datum
(AHD)

Average Annual Damage
(AAD)

Average Recurrence
Interval (ARI)

catchment

discharge

effective warning time

emergency management

flash flooding

flood

flood awareness

The chance of a flood of a given or larger size occurring in any one year, usually
expressed as a percentage. For example, if a peak flood discharge of 500 m®/s
has an AEP of 5%, it means that there is a 5% chance (that is one-in-20 chance)
of a 500 m%/s or larger event occurring in any one year (see ARI).

A common national surface level datum approximately corresponding to mean
sea level.

Depending on its size (or severity), each flood will cause a different amount of
flood damage to a flood prone area. AAD is the average damage per year that
would occur in a nominated development situation from flooding over a very long
period of time.

The long term average number of years between the occurrence of a flood as big
as, or larger than, the selected event. For example, floods with a discharge as
great as, or greater than, the 20 year ARI flood event will occur on average once
every 20 years. ARI is another way of expressing the likelihood of occurrence of
a flood event.

The land area draining through the main stream, as well as tributary streams, to a
particular site. It always relates to an area above a specific location.

The rate of flow of water measured in terms of volume per unit time, for example,
cubic metres per second (m3/s). Discharge is different from the speed or velocity
of flow, which is a measure of how fast the water is moving for example, metres
per second (m/s).

The time available after receiving advice of an impending flood and before the
floodwaters prevent appropriate flood response actions being undertaken. The
effective warning time is typically used to move farm equipment, move stock,
raise furniture, evacuate people and transport their possessions.

A range of measures to manage risks to communities and the environment. In
the flood context it may include measures to prevent, prepare for, respond to and
recover from flooding.

Flooding which is sudden and unexpected. It is often caused by sudden local or
nearby heavy rainfall. Often defined as flooding which peaks within six hours of
the causative rain.

Relatively high stream flow which overtops the natural or artificial banks in any
part of a stream, river, estuary, lake or dam, and/or local overland flooding
associated with major drainage before entering a watercourse, and/or coastal
inundation resulting from super-elevated sea levels and/or waves overtopping
coastline defences excluding tsunami.

Flood awareness is an appreciation of the likely effects of flooding and a
knowledge of the relevant flood warning, response and evacuation procedures.
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flood education

flood liable land

flood mitigation standard

floodplain

Flood Planning Levels
(FPLs)

flood proofing

flood prone land

flood readiness

flood risk

flood storage areas

Flood education seeks to provide information to raise awareness of the flood
problem so as to enable individuals to understand how to manage themselves an
their property in response to flood warnings and in a flood event. It invokes a
state of flood readiness.

Is synonymous with flood prone land (i.e. land susceptible to flooding by the
probable maximum flood (PMF) event). Note that the term flood liable land
covers the whole of the floodplain, not just that part below the flood planning level
(see flood planning area).

The average recurrence interval of the flood, selected as part of the floodplain risk
management process that forms the basis for physical works to modify the
impacts of flooding.

Area of land which is subject to inundation by floods up to and including the
probable maximum flood event, that is, flood prone land.

FPL’s are the combinations of flood levels (derived from significant historical flood
events or floods of specific AEPs) and freeboards selected for floodplain risk
management purposes, as determined in management studies and incorporated
in management plans. FPLs supersede the “standard flood event” in the 1986
manual.

A combination of measures incorporated in the design, construction and alteration
of individual buildings or structures subject to flooding, to reduce or eliminate flood
damages.

Is land susceptible to flooding by the Probable Maximum Flood (PMF) event.
Flood prone land is synonymous with flood liable land.

Flood readiness is an ability to react within the effective warning time.

Potential danger to personal safety and potential damage to property resulting
from flooding. The degree of risk varies with circumstances across the full range
of floods. Flood risk in this manual is divided into 3 types, existing, future and
continuing risks. They are described below.

existing flood risk: the risk a community is exposed to as a result of its location
on the floodplain.

future flood risk: the risk a community may be exposed to as a result of new
development on the floodplain.

continuing flood risk: the risk a community is exposed to after floodplain risk
management measures have been implemented. For a town protected by levees,
the continuing flood risk is the consequences of the levees being overtopped. For
an area without any floodplain risk management measures, the continuing flood
risk is simply the existence of its flood exposure.

Those parts of the floodplain that are important for the temporary storage of
floodwaters during the passage of a flood. The extent and behaviour of flood
storage areas may change with flood severity, and loss of flood storage can
increase the severity of flood impacts by reducing natural flood attenuation.
Hence, it is necessary to investigate a range of flood sizes before defining flood
storage areas.
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floodway areas

freeboard

habitable room

hazard

hydraulics

hydrograph

hydrology

local overland flooding

local drainage

mainstream flooding

major drainage

Those areas of the floodplain where a significant discharge of water occurs during
floods. They are often aligned with naturally defined channels. Floodways are
areas that, even if only partially blocked, would cause a significant redistribution of
flood flows, or a significant increase in flood levels.

Freeboard provides reasonable certainty that the risk exposure selected in
deciding on a particular flood chosen as the basis for the FPL is actually provided.
It is a factor of safety typically used in relation to the setting of floor levels, levee
crest levels, etc. Freeboard is included in the flood planning level.

in a residential situation: a living or working area, such as a lounge room, dining
room, rumpus room, kitchen, bedroom or workroom.

in an industrial or commercial situation: an area used for offices or to store
valuable possessions susceptible to flood damage in the event of a flood.

A source of potential harm or a situation with a potential to cause loss. In relation
to this manual the hazard is flooding which has the potential to cause damage to
the community. Definitions of high and low hazard categories are provided in the
Manual.

Term given to the study of water flow in waterways; in particular, the evaluation of
flow parameters such as water level and velocity.

A graph which shows how the discharge or stage/flood level at any particular
location varies with time during a flood.

Term given to the study of the rainfall and runoff process; in particular, the
evaluation of peak flows, flow volumes and the derivation of hydrographs for a
range of floods.

Inundation by local runoff rather than overbank discharge from a stream, river,
estuary, lake or dam.

Are smaller scale problems in urban areas. They are outside the definition of
major drainage in this glossary.

Inundation of normally dry land occurring when water overflows the natural or
artificial banks of a stream, river, estuary, lake or dam.

Councils have discretion in determining whether urban drainage problems are

associated with major or local drainage. For the purpose of this manual major

drainage involves:

o the floodplains of original watercourses (which may now be piped,
channelised or diverted), or sloping areas where overland flows develop along
alternative paths once system capacity is exceeded; and/or

o water depths generally in excess of 0.3 m (in the major system design storm
as defined in the current version of Australian Rainfall and Runoff). These
conditions may result in danger to personal safety and property damage to
both premises and vehicles; and/or

e major overland flow paths through developed areas outside of defined
drainage reserves; and/or

» the potential to affect a number of buildings along the major flow path.
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mathematical/computer
models

minor, moderate and major
flooding

peak discharge

Probable Maximum Flood
(PMF)

Probable Maximum
Precipitation (PMP)

probability

risk

runoff

stage

stage hydrograph

water surface profile

The mathematical representation of the physical processes involved in runoff
generation and stream flow. These models are often run on computers due to the
complexity of the mathematical relationships between runoff, stream flow and the
distribution of flows across the floodplain.

Both the State Emergency Service and the Bureau of Meteorology use the
following definitions in flood warnings to give a general indication of the types of
problems expected with a flood:

minor flooding: causes inconvenience such as closing of minor roads and the
submergence of low level bridges. The lower limit of this class of flooding on the
reference gauge is the initial flood level at which landholders and townspeople
begin to be flooded.

moderate flooding: low-lying areas are inundated requiring removal of stock
and/or evacuation of some houses. Main traffic routes may be covered.

major flooding: appreciable urban areas are flooded and/or extensive rural areas
are flooded. Properties, villages and towns can be isolated.

The maximum discharge occurring during a flood event.

The PMF is the largest flood that could conceivably occur at a particular location,
usually estimated from probable maximum precipitation, and where applicable,
snow melt, coupled with the worst flood producing catchment conditions.
Generally, it is not physically or economically possible to provide complete
protection against this event. The PMF defines the extent of flood prone land,
that is, the floodplain. The extent, nature and potential consequences of flooding
associated with a range of events rarer than the flood used for designing
mitigation works and controlling development, up to and including the PMF event
should be addressed in a floodplain risk management study.

The PMP is the greatest depth of precipitation for a given duration
meteorologically possible over a given size storm area at a particular location at a
particular time of the year, with no allowance made for long-term climatic trends
(World Meteorological Organisation, 1986). It is the primary input to PMF
estimation.

A statistical measure of the expected chance of flooding (see AEP).

Chance of something happening that will have an impact. It is measured in terms
of consequences and likelihood. In the context of the manual it is the likelihood of
consequences arising from the interaction of floods, communities and the
environment.

The amount of rainfall which actually ends up as streamflow, also known as
rainfall excess.

Equivalent to “water level”. Both are measured with reference to a specified
datum.

A graph that shows how the water level at a particular location changes with time
during a flood. It must be referenced to a particular datum.

A graph showing the flood stage at any given location along a watercourse at a
particular time.
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POSITION:

pATE oF BIRTH: || N

Managing Director

NATIONALITY: Australian

PROFESSION: Civil Engineer
QUALIFICATIONS:

e Bachelor of Engineering (Civil) Honours
University of NSW, 1988

e Master of Engineering Science
University of NSW, 1993

e Graduate Diploma in Management
Deakin University, 1997

MEMBERSHIP & COMMITTEES:
e Engineers Australia (CPEng, NPER)

e Registered Professional Engineer of Queensland
(RPEQ)

e Chair of Engineers Australia, National Committee
on Water Engineering

¢ AR&R Revision Steering and Technical Committees

e Former Chair of Sydney Division Water Engineering
Panel, Engineers Australia

e Chair of Organising Committee for 2003
International Hydrology & Water Resources
Symposium

SPECIAL FIELDS OF COMPENTENCE

e Community Engagement on Major Water
Resource Projects

e Hydrologic Modelling
e Hydraulic Modelling
e Floodplain Management

e Flood Frequency, Joint Probability Analysis and
Risk Assessments

e Computer Programming

e Data Collection, Analysis and Presentation

Mark Kenneth BABISTER

PROFESSIONAL EXPERIENCE

WMAwater

(formerly  Webb, McKeown &

Associates Pty Ltd)
September 1988 - to Date

Hydrological Studies

Project Director - State of the Darling Basin Report for
MDBC

Project Director - Coxs River IQQM Review for Delta
Electricity

Project Director - Coxs River Mass Balance Review for
DIPNR

Project Manager - Hawkesbury-Nepean Water Use
Study for DLWC

Project Manager - Impact of Farm Dams on
Streamflow in Hawkesbury-Nepean Catchment for
DLWC

Project Manager - Assessment of the Homogeneity of
Streamflow on Hawkesbury-Nepean Catchment for
DLWC

Project Manager - Macquarie Marshes RUBICON
programming for DLWC

Project Engineer - HMAS Kuttabul

Project Engineer - Buttonderry Landfill for Wyong City
Council

Project Manager - Review of the Bellinger, Kalang and
Nambucca River Catchments Hydrology

Floodplain Management

Project Manager - Riverstone Bypass Flood Study for
RTA

Project Manager - Penrith Lakes Development Flood
Management Options for Bowdens

Project Manager - Lord Howe Island for Lord Howe
Island Board

Project Manager - Investigation of
Hawkesbury/Nepean Floodplain for Sydney Water
Board

Project Manager - Lochinvar for Maitland City Council
Project Manager - Investigation of Floodplain
Management Measures in Hawkesbury River for
Hawkesbury-Nepean Flood Management Advisory
Committee

Project Manager - Wolli Creek Station Flood Study for
NSR Transfield/Bouygues

Project Engineer - Hunter River for Maitland Council
Project Manager - Parramatta Rail Link for Maunsell
Mclintyre

Project Manager - Cooks Cove for Maunsell Mcintyre
Project Manager - Upper Yarraman Creek FPM Plan
for DLWC

Project Manager - Wagga FPM Study for Wagga City
Council
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e Project Manager - Carroll Boggabri FPM Plan for
DIPNR

Project Manager - Kempsey Flood Study

Project Manager - Newry Island Flood Study

Project Manager - Deep Creek Flood Study

Project Manager - Kurnell Flood Study, Floodplain Risk
Management Study and Plan

Hydraulic Modelling
¢ Project Manager - M5 Motorway Cooks River Crossing
Flood Study for Hyder Consulting

e Project Manager - Warragamba Dam Inter
Departmental Committee Study for NSW Government
e Project Manager - Wooyung/Mooball  Flood

Investigation for Tweed and Byron Councils

e Project Manager - Warriewood Wetlands - Henroth Pty
Ltd

e Project Engineer -
State Rail Authority

e Project Engineer - lllawarra Railway Culvert Upgrading
for State Rail Authority

e Project Engineer - Macleay River
Operation for Kempsey Shire Council

e Project Manager - Emu Plains Local Hydraulics for
DLWC

e Project Manager - Kempsey to Eungai Pacific Highway
Upgrade for PPK Environment & Infrastructure

e Project Manager - Lane Cove River Crossing for
Parramatta Rail Link Company

e Project Manager - Riverview Road Levee Gradient for
DLWC

¢ Project Manager - New Southern Railway Cooks River
Crossing for Transfield Bouygues Joint Venture

¢ Project Manager - Warragamba Dam Side Spillway for
AWT

e Project Manager -
Dambreak for DLWC

e Project Manager - South Creek High Level Crossing
for DLWC

e Project Manager for various studies in Hawkesbury -
Nepean catchment for DLWC

e Project Manager - Kempsey to Frederickton Pacific
Highway Upgrade - Project Implementation

e Project Manager - Australian Rainfall and Runoff
Research Project 15 - Two Dimensional Simulation

Wombarra Hydraulic Study for

Flood Gate

Bethungra Dam PMF and

Design Flood Estimation

e Project Manager - Bethungra Dam PMF and
Dambreak Assessment for DLWC

e Project Engineer - Review of Lower Hastings Design
Flood Levels for Hastings Shire Council

e Project Manager - Lord Howe Island Design Rainfall
Assessment for DLWC

e Project Manager - NSW - FORGE Project Data
Compilation for DLWC

e Project Manager - Warragamba Mitigation Dam for
Sydney Water Board

e Project Manager - Warragamba Dam Side Spillway,
Freeboard, Dambreak and Sunny Day Failure Studies

e Project Engineer - Moruya River Flood Study for
Eurobodalla Shire Council

e Project Engineer - Lord Howe Island Flood Study for
Lord Howe Island Board
Project Manager - Wombarra Drainage for RSA

e Project Manager - Australian Rainfall and Runoff
Research Project 3 - Temporal Patterns of rainfall —
Testing of an alternative temporal pattern approach

Stormwater Management

e Project Engineer - Sheas Creek for Sydney Water
Board

Coastal & Estuarine Studies

e Project Engineer - Batemans Bay Coastal
Management Study
e Project Engineer - Lake Cathie/Lake Innes

Management Study for Hastings Council and National
Parks

e Project Manager - Development of an Eroding
Entrance Model for Breakout of Coastal Lagoons

Legal Proceedings

e Court Appointed Expert - Oceanic Developments vs
Minister for Planning

e Expert Witness for the following:
e Primo Estates vs. Wagga City Council
e Kurnell Lodge
e McGirr & Xenos - Woodford Street, Longueville

e Project Manager - EPA vs Camilleri’'s Stockfeeds Pty
Ltd for NSW Environment Protection Authority

e Project Manager - EPA vs ADI Murray River for NSW
Environment Protection Authority

e Project Manager - Warriewood Valley Pty Ltd vs
Pittwater Council

e Project Manager - Davis-Firgrove Estate, Dubbo for
North & Badgery

¢ Project Manager - Bourne ats Kurnell Lodge Pty Ltd

SYDNEY WATER BOARD
Southern Region - Systems Planning Group
July 1983 to August 1988

Involved in various aspects of water supply and sewer
investigation. This included performance assessment of
sewerage pumping systems and investigation, design and
operation of reticulation and trunk watermains, modelling
of network performance and water hammer, water supply
operation and maintenance, reservoir design and
stormwater construction. Construction experience
included onsite supervision of stormwater channels at
Woolloomooloo and Double Bay.

PUBLICATIONS

1993
1993

RUBICON - An Unsteady Flow Branched Model

Dealing with the Zero Depth Problem within the
PIPENET Solution Algorithm

A Review of Numerical Procedures for Routing
Unsteady Flows Along a Dry Bed

1994

1998 Batemans Bay Coastal

Sustainable Future

Management: A

1999 The Influence of the lllawarra Escarpment on Long
Duration Design Rainfalls — Implications for

Floodplain Management

Editor 28" International Hydrology & Water
Resources Symposium Proceedings

2003

2005 Adding Value to Bureau of Meteorology Flood

Prediction
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2008

2008

2009

2009

2009

2009

2009

2010

2011

2011

2011

31° Hydrology & Water Resources Symposium
Proceedings: Can Fixed Grid 2D Hydraulic Models
be used as Hydrologic Models, joint authors with
J. Ball and K. Clark

Comparison of Two-dimensional  modelling
approaches used in current practice, 9™ National
Conference on Hydraulics in Water Engineering,
Joint author with M.Retallick

A Hydroinformatic approach to development of
design temporal patterns, Hydroinformatics in
Hydrology and water resources (Proc. Of
Symposium JS.4 at the Joint IAHS and IAH
Convention Hyderabad India, Joint author with
C.Varga and J.Ball

Estimation of design flood flows considering
climate change, IAHR Congress Vancouver, Joint
author with J.Ball and B. Phillips

An alternative approach for developing temporal
patterns, Proceedings of the 32M Hydrology and
Water Resources Symposium Newcastle 2009,
Joint author with C.Varga and J.Ball

Two dimensional simulation in urban areas,
Proceedings of the 32" Hydrology and Water
Resources Symposium Newcastle 2009, Joint
author with M.Retallick and J.Ball

Do filtered temporal patterns resemble real
patterns? Proceedings of the 32M Hydrology and
Water Resources Symposium Newcastle 2009,
Joint author with M.Retallick, C.Varga, J.Ball, and
E. Askew

Considering the impacts of Climate Change on
flood risk Practical Responses to Climate Change
National Conference, Joint author with D. McLuckie
and R. Dewar

Consideration of Sea Level Rise in Flood and
Coastal Risk Assessments, 51st Annual Floodplain
Management Authorities Conference D.McLuckie,
P. Watson and M. Babister.

Revisitinq the Design Flood Problem Proceedings
of the 34™ IAHR World Congress Joint author with
J.Ball, and M. Retallick

The Ineptitude of Traditional Loss Paradigms in a
2D Direct Rainfall Model Proceedings of the 34"
IAHR World Congress Joint author with F.Taaffe
and S.Gray

In Print  Australian Rainfall and Runoff Research Project

15: Two dimensional simulation in urban areas,
Editor
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