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1.0 BACKGROUND

1.1 Geographical Context

The Wivenhoe Dam on the Brisbans River above Lowood was constructed after the 1974
floods to provide 1,150,000 ML of water supply storage and up to 1,400,000 ML of temporary
flood storage, the amounts and rates of storage utilised during a flood event being managed
by the operation of flood gates (Reference 1).

The general location of the dam in the catchments of the Stanley and Upper Brisbane rivers,
its location immediately upstream of the confluence of Lockyer Creek and, much further
downstream, inflows from the extensive Bremaer River catchment and from local creeks
causing localised flooding in the Greater Brisbane area, may be seen by reference to
Figure 1.

The relative locations and magnitudes of these storages, catchments, stream flow paths and
floodplains are more readily identifiable by viewing the Brishane and Environs 3—dimensional
map, the copyright for which is held by Geo-Maps Company, 122 Castlereagh Street, Sydney
2000. This map has a 1:300,000 horizontal scale and a 1: 70,000 vertical scale. A copy of this
map is proposed to be tendered for consideration during the inquiry as Exhibit 1 of this
submission,

1.2 Background to this Submission

This submission is a more-detailed response to the request for submissions to the
Queensiand Floods Commission of Inquiry than that which was foreshadowed in an email to
Counsel Assisting the Commission by the author, dated 15 February 2011, requesting further
information which would enable a comprehensive submission to be prepared.

A copy of that email is included as Attachment 1.

it is considered that this present submission is now based upon sufficient evidence thatitis
suitable for a submission to the first part of the Inquiry in that it addresses issues which need
to be considered for implementation prior fo the 2011 - 12 wet season.
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2.0 COMMUNITY EXPECTATIONS REGARDING THE FLOOD
MITIGATION POTENTIAL OF WIVENHOE DAM

2.1 Expectations Prior to the Completion of Construction of Wivenhoe Dam

Being downstream of the Somerset Dam on the Stanley River catchment, the water supply
and flood storage capacity of the Wivenhoe Dam have significantly augmented the total
amount of water available for urban water supplies and the total volume of flood storage since
its completion in 1985.

As a consequence, there has been an expectation in Brisbane and Ipswich that the flood
storage in the dam can be managed to achieve lower flood levels in Brisbane than were
experienced during the January 1974 flood event. This major flood has been estimated to
have been the result of precipitation in the catchments of the Wivenhoe and Somerset Dams
similar to that expected of a 40 - 50 year average recurrence interval (40 - 50 yr ARI) rainfali
event.

This expectation was given some quantification in the information released as a series of pre-
Wivenhoe flood maps in 1975 which showed the anticipated boundaries of inundation areas
under a range of major rainfall events, together with an indication of how these might be
compared with the post - Wivenhoe Dam scenarios. Thase maps were produced as the result
of a report prepared as a response to the 1974 flood by the Snowy Mountains Engineering
Corporation (Reference 2}.

An extract from the flood map for the City reaches of the Brisbane River is included with this
submission as Figure 2.

A copy of Sheet 4 of the Brisbane River Flood Plain Map can be provided as Exhibit 2.

Each of the 18 sheets comprising the Flood Map contains information on its reverse side. This
information, including the pre-Wivenhoe river flood profiles for a range of flood flows past the
Brisbane City Gauge (Figure 3), provide an overall perspective of the probable extent of
flooding prior to the construction of Wivenhos Dam.

In most cases, development planning is based around estimates of the 100 yr ARl fiood
evant, with the hydrology used to generate the rainfall and runoff inflows being based on
recognised statistical information and modelling, with the flows and water levels along the
streams and floodplains being calculated by the use of hydraulic models.

While the hydrological and hydraulic analyses used to generate the profiles of Figure 3 are
unknown to the auther at this stage, it is worth noting from Figure 3 that the pre-Wivenhoe
Dam peak water level at the Brisbane City Gauge for a 110 yr ARI flood was estimated to be
RL 8.0 m AHD and that the peak flood flow in the river would have been 13,200 m¥/s.

If, as indicated on the reverse side of the Flood Map sheets, Wivenhoe Dam was expected to
cause a 2 metre reduction in flood level during a lesser 1974 flood flow of 8650 m%s, it is
indicated that the post- Wivenhoe 110 yr ARI flow would be reduced to a pre-dam 60 yr AR/
flow of 10,150 m*/s and the peak level reduced to RL 6.0m AHD

The notes on the reverse side of the Flood Map sheets also indicate that if peak flood levels
could be reduced at the Brisbane City Gauge by twa metres, the estimated reduction in flood
damage during a 1974 type flood would be approximately $ 150 million dollars (in 1974 $A).

At the time of writing this submission, no information was available to the author to indicate
the nature of the investigations adopted by the designers of Wivenhoe Dam which may have
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led to the adoption of a temporary flood storage capacity significantly greater than that
provided for water supply purposes. It can only be surmised that savings, for example, of up
o0 $ 150 million in a 1 in 50 year flood and lesser amounts in more frequent floods, was a
justifiable reason.

It might also be expected that the one metre 1974 flood level mitigation provided by the
Somerset Dam could be significantly Improved by providing a far greater amount of flood
storage in a downstream dam which controlled the discharge from approximately 50 percent
of the catchment above Brisbane’s urban areas. For example, the flood storage capacity in
Somerset Dam is 524,000 ML, whereas that in Wivenhoe Dam is 1,400,000 ML.

The author has sought to obtain further information on what flood levels might be expected in
Brishane post-Wivenhoe and found that there is a history of disagreement on what might be
called “design flood levels™ and that much of this goes back to how the Manual of Operational
Pracsedures for Flood Mitigation for Wivenhoe and Somerset Dam (Reference 3) and
measures of catchment hydrology may have been interpreted from time to time by Councill
and Queensland Government officers.

It is relevant in this regard that the Initial esimates were identifled in a March 2004 report by
the Crime & Misconduct Commission into the Brishane City Councii's handling of flood study
reports (Referance 4):

In 1984 a study was conducted to assist in the refinement of operational rufes for the
Wivenhos Dam. This study assessed the Q100 flow at 6800 cubic metres per second
(m*/s) at the Port Office Gauge. The Q100 fevel at the Port Office Gauge estimated
by this study was 3.8m AHD. The BCC later adopted development levels which
reflacted this estimate of the Q100.

2.2 Expectations Post Completion of Wivenhoe Dam

it is apparent from the available reports that the Operating Procedures, as interpreted by the
various stakeholders in Brisbane River management, have been a significant factor in
establishing “design flood levels” in Brisbane and Ipswich and that there is no evidence of
how the dams could be operated to optimise their flood mitigation potential under varying but
significant rainfall and runoff events.

The only references appear to refer to differences in design flood flows and peak water levels,
principally for the @100 or 100 yr ARI design flood event.

Reference 4 states, relevant to the apparent disparity between flood levels generated by the
various agencies involved in Brisbane River flood mitigation and floodplain planning which led
to the CMC’s inquiry:

in 1992 the DNRME released resuits of a study to apply the temporal rainfall
distribution pattern suggested in the 1987 publication Australian Rainfall and Runoff
(a guideline document published by the Institution of Engineers Australia). This study,
which was undertaken for the South East Water Board and not specifically for a Q100
flood event in Brisbane, produced a Q100 estimate at the Fort Office Gauge of 3380
m®/s. This, in turn led to a re-examination by Council officers of the risk of the
Brisbane River flooding and to a decision that a comprehensive flood review was
necessary.

Qld Floods Commission of Enquiry : 10/03/2011
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It would appear that the DNRME study raised questions concerning dam safety
responsibilities and how these might be addressed. As a result a lengthy review of the impact
of dam management on Brisbane’s 1984 design flood levels was undertaken.

This culminated in the production of a draft report by Council’s City Design section in 1999
{Reference 5), which stated:

At the Port Office gauge the flood level corresponding to the calculated 1 in 100 year
design flow of 8,600 m*/s is estimated to be 5.0 m AHD. The current development
design flood level, based on the 1984 study, is 3.8 m AHD, some 1.2 m lower than
the level predicted in the study. From the two flood profiles plotted on Figure 3 it can
be seen that the flood levels calculated in this study vary from about 1.0 m to almost
3.0 m higher than the current development design flood in Brisbane.

This was viewed with some concern by Council who commissioned more flood modelling and,
after lengthy discussions, DMRME carried out their own studies and provided the prefiminary
results of this study to Council on 27 June 2003,

Council then engaged an independent panel of experts to review the information.
The experts' report of 3 September 2003 (Reference 6) found as follows:
With respect to its Terms of Reference, the Panel:

(i have reviewed the methodology used by SKM to determine the Q100 river
flow and level;

{in believe that the appropriate technical processes have been followed in this
study, '

(iif) based on the evidence avaifable, is of the view that, for the Brisbane Port
Office, the best current estimates for

o the Q100 flow is 6000 m*/s
o the Q100 level is 3.3.m AHD

There is an inevitable degree of uncertainty in any estimates of this kind. The Panel
believes the possible range for flow fo be 5000 to 7000 m’/s; for the level to be 2.8 to
3.8 m AHD.

Many of the differences concerning design flows and design water levels, as determined by
the two reports, could be explained by differences in the hydrological modelling, by potential
differences in how to interpret the operating rules of Wivenhoe Dam and by potential
differences in how to apply the phasing of releases under the dam operating rules to the input
to the hydraulic model used to determine design flood levels.

It is understood that the mode!l commenced significantly downstream of the dam wall, ata
locality where the outflows from Lockyer Creek discharge before entering a relatively confined
valley downstream of Savages Crossing.

Coungil continued to adopt the 1984 design flood levals,

In 2007, Brisbane City Council's Taskforce on Suburban Flooding issued a report (Reference
7) which concluded as follows with respect to river flooding:

e With regards to river flooding, the Taskforce notes that an Independent Expert Panel
has recently reviewed flooding associated with the Brisbane River {2003, Review of
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Brishane River Flood Study) and that development and redevelopment in areas
below the Defined Flood Event (DFE) flood level have strict flood immunity
requirements under the Brishane City Plan. Such requirements are supported.

s The Taskforce recognises the very low risk of dam failure flooding. It is noted that this
risk is managed principally through dam safety audits that are a State Government
responsibility.

The extract from a recent Floodwise Property Report from Council's Floodwise system
(Attachment 2), downloaded from the website for a property located near the Brisbane River
Flood Gauge, 3 Edward Street and included with this submission as Figure 4, shows a 100 yr
AR flood leve! here to be RL 3.9m AHD, which is consistent with the Independent panel's
advice in 2003 and the earlier 1984 design flood level information.

It is understood that Council has subsequently carried out 2-dimensional hydrodynamic
modelling of the Brisbane River to produce more-accurate floodplain planning and flood
forecasting information than can be obtained from the 2003 report and from the Real Time
Flood Model incorporated in SEQWater's Operating Procedures.

An example of the 2-dimensional flood mapping obtained from the Council website at the time
of the January 2011 flood and included with this submission as Figure 5, shows the extent of
the inundated area during a PMF (Probable Maximum Flood), for which the river flow appears
to have been estimated to be 12,000 m%s.

it is obvious from the variability in the various assessments that the degree of inundation of
Brisbane’s flood prone areas is quite dependent upon the degree of flood mitigation which
can be applied under the dam's current operating rules and the reliability of results obtained
from the Real Time Flood Model during major flood events.

As a consequence of the above and for the reasons ouflined fater in this submission, the
author has reached the following conclusions regarding the flood mitigation potential now
available as a result of construction of the Wivenhoe Dam:

» |f the Operational Procedures in place at the time of the January 2011 flood had been
based upon the use of an updated and upgraded hydrodynamic model, rather than
the current Real Time Flood Model, the operators should have been able to manage
the releases from Wivenhoe Dam within the expectations of the Expert Review, such
that the Q100 flocd levels identified by Council should not have been excesded in the
apparently worst affected areas.

¢ The Real Time Fiood Model should be upgraded or replaced and the Operational
Procedures modified accordingly to incorporate best practice flood mitigation
technologies.

¢ The design flood levels as shown by Counci's current Floodwise Property Reports
should be retained until the Real Time Flood Model and the Operating Frocedures
have been modified and the resultant model which incorporates these technologies is
used In a floodplain planning mode to generate design flood levels that incorporate
the improvements in flood mitigation likely to be found possible.

Argument supporting these conclusions is provided in the following sections of this
submission.

Qld Floods Commission of Enquiry 10/03/2011
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3.0 OPERATING THE FLOOD GATES FOR OPTIMAL FLOOD
MITIGATION

3.1 Overview of the Existing System

Because of the need to be able to manage flood storage during the rising and falling stages to
less than the inflows into the dam, the five flood gates built into the Wivenhoe Dam were
designed to be opened as required during a flood event and also to provide a means for
significant environmental flows to be released downstream for ecological and water quality
purposes.

The extent to which the gates should be opened under a range of dam inflow scenarios has
been nominated in a series of manuals of operational procedures — the current Revision 7 of
the Manual of Operational Procedures for Flood Mitigation and Wivenhoe Dam and Somerset
Dam (November 2009} (Reference 3) being only avaitable outside a nominated distribution
list as a “redacted version™.

This part of the submission relies on the limited amount of information made available in the
redacted version of Reference 3, supplemented by material recently obtained from ANCOLD
references concerning the design and operation of Wivenhoe Dam, the author’s knowledge of
Brisbane River flooding and a limited amount of data collected during and subsequent to the
January 2011 flood event, including recorded flood levels in the Wivenhoe Dam and in the
valleys of Lockyer Creek and the Brisbane and Bremer Rivers {Attachment 3).

3.2 Review of the Current Primary Objectives of the Manual of Operational
Procedures

It is noted that the primary cbjectives of Reference 3, in order of importance, are:

« ensure the structural safety of the dams;

« optimum protection of urbanised areas from inundation; (author’'s emphasis)

« minimise disruption to rural life in the valleys of the Brisbane and Stanley Rivers;

¢ retain the storage at Full Supply Level at the conclusion of the flood event; (author's
emphasis) and

¢ minimise impacts to riparian flora and fauna during the drain down phase of the Flood
Event,

It is the author’s opinion that only the first three objectives require to be considered during the
rising stage of the Flood Event and that the structural safety of the Wivenhoe Dam has been
shown to be quite adaquate for dam inflows of greater than 10,000 year average recurrence
interval (10,000 yr ARI) and shouid not be of concern during significantly lesser floods
(References 1, 8, 9,10, 13, 14).

Thus, during lesser than extreme but during more frequent major floods, the provision for the
optimum protection of urbanised areas from inundation should be the principal objective when
using the current Real Time Flood Mode! and flood forecasting methodologies or, as is now
proposed, when using a fully integrated hydrodynamic modelling system to manage dam
releases to maximise flood protection of potentially inundated urban areas.

The provisions in the Operational Procedures for minimising disruption to rural life in the river
valleys appear to be generally concerned with maintaining the trafficabitity and structural
integrity of bridges and bridge approaches downstream of the dam.

Qid Floods Commission of Enquiry 10/03/2011
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As a result, it appears that too much weight can be given by the dam operator to these
constraints when selecting releases during the rising stages of a flood.

This effectively constrains the time during which a higher release strategy can be developed
to optimise the flood protection expected in urban areas further downstream while not
allowing the dam water level to reach the fuse plug initiation level.

This factor significantly stresses the optimal application of the Real Time Flood Model and
reduces the ability of the dam operator to test options that might minimise peak flood levels in
the downstream urban arsas.

It is considered that the lesser importance of maintaining the dam level at Full Supply Leve! at
the conclusion of a flood event reflects the original dam design philosophy of providing a
higher temporary flood storage capacity (1,400,000 ML) when compared with its full water
storage capacity (1,150,000 ML),

The redacted versian of the Operational Procedures appears to be relatively silent on how to
optimise the protection of urban areas from inundation, a term which implies minimising flood
levels in the urban areas of the downstream floodplains.

However the short section of the Procedures which deals with such inundation (Section 3)
refers only to controlling dam release flows in @ number of locations — none of which appear
to be in potentially inundated urban areas.

33 Review of Strategies Included in the Operational Procedures

Seaction 8.4 of Reference 3 describes the four strategies (W1 to W4) to be used during a flood
event to achieve the stated objectives of the Operating Procedures.

These may be summarised by the following extract from Section 8.4 of Reference 3:

The strategy chosen at any point in time will depend on the actual levels in the dams
and the following predictions, which are to be made using the best forecast rainfall
and stream flow information available at the fime:

*  maximum storage levels in Wivenhoe and Somerset Dams;

s peak flow rate at the Lowood Gauge (excluding Wivenhoe Dam releases);
and

o peak flow rate at the Moggill Gauge (excluding Wivenhoe Dam releases).

None of the above can be directly related to projected flood levels in the downstream urban
areas which could be inundated if the release flows are excessive.

Section 8.4 recognises that release strategies are likely to change as forecasts and rainfall
change in the catchments and, also, that it is unlikely the actual range of strategies to be used
to manage flooding during a flood event can be predicted at the commencement of a flood
event.

It also recognised that strategies may need to change during the course of an event in
response to changing rainfall forecasts and stream flow conditions ..fo maximise the flood
mitigation benefits of the dams.

A common need to change strategies is often created by the arrival of a second burst of
rainfall in the catchments — as has often been found during major ficed events.

Qid Floods Commission of Enquiry 10/03/2011
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Apart from the rather simplistic suggestion ....when determining dam outflows within all
strategies, peak outflow should generally not exceed peak inflow ...reference is made to the
use of the flowchart included as Figure 6 of this submission ... fo sefect the appropriate
strategy to use at any point in fime.

Figure 6 shows that these strategies relate firstly to the need to initiate release strategy (W1)
if the dam water level is likely to exceed RL 68.5m, i.e after the inflows to the dam cause the
predicted dam water level to rise by 1.5 metres above fuil supply level and after a quite
significant amount of the dam's total flood storage capacily has been lost,

Reference to Figure 7, extracted from the Bureau of Meteorology web-site during the falling
stages of the recent January 2011 flood event, shows that the dam water level was
maintained at around RL 68.5m for a significant period {> 12 hours) prior to the start of the
peak Inflow into the dam.

This is an indicator that the flow release strategies of the Operational Procedures are not
directly linked through the Real Time Flood Model to the goal of minimising the extent of flood
damage in the urban areas downstream.

An estimate of the volume of flood storage which was lost through not releasing water as
soon as the dam water level started to rise about Full Supply Level of RL 67.0m wiil be
included as an addendum to this report, when more information concerning the time history of
dam flood levels prior to reaching 68.5m are known and the results analysed with the aid of
an approved version of the dam's stage ~storage relationship (not included in the redacted
version of the Operaling Procedures).

There appears to be no obvious link between flood flows produced by the Real Time Flood
Model to flood levels observed in the flood menitoring stations downstream of the Moggill
gauging station and levels indicating the Major, Moderate and Minor flood classifications of
the Bureau of Meteorology.

3.4 Demonstration of RTFM System Performance

Reference 15, a paper describing the real time fiood management of Wivenhoe and
Somerset Dams during the 1998 flood, provides summary descriptions of the Operational
Procedures, the data collection system and the Real Time Flood Modsl.

it provides specific information of how the overall system was implemented and performed
during the February 1999 flood event ~ claimed to be ...about 80% of the magnitude of the
disastrous 1974 event .

With regard to the stafistical rainfall experienced during this flood event, the paper states:

The February event was a significant flood event in the Brisbane River. This was
especially so in the upper Brishane River and Stanley River catchments. Rainfalls in
the upper Brisbane catchments were typically greater than those associated with 2%
AEP (50 yr ARI) events and at Devon Hills rainfalls were greater than the 0.5% AEP
(200 yr ARI) event.

The resultant flood in the upper Brisbane River was of a similar magnitude fo the
January 1974 event although the volurme was not as large.
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Below Wivenhoe Dam there were only minor rainfalls and this only generated minor
flows in Lockyer Creek and the Bremer River. This avoided any repeat of the January
1974 flood event type flooding.

The following extract from Reference 15 provides a basis for comparisen of how the system
performed at that time :

Characteristic Wivenhoe Dam Somerset Dam
3-day total rainfall in catchment 263 - 306 mm 432 mm
Maximum inflow 6922 m*/s 3778 m¥s
Volume of inflow 1,198,000 ML 522,000 ML
Storage Deficit at start of event 297,000 ML 207,800 ML
Maximum outflow 1800 m*fs 910 m¥%s
Volume of outflow 800,800 ML 324,200 ML
Peak Reservoir Lavel EL 70.38 mAHD EL 103.03 mAHD

Thus, while the actual and anticipated inflows were significant, the paper demonstrates that,
at the start of the flood event, it was known that 43 mm of runoff would be required before the
dam reached full supply level (67.0 mAHD) and that the flood gates might need fo be opened.
It was also estimated that 112 mm of total rainfall at an average rainfall intensity of 10 mm per
hour would be required to get o this point — mainly because the Wivenhoe Dam was at 756%
supply capacity at the start of the flood event and Somerset Dam was at 53% supply capacity.

Figure 8, from Referance 15, shows that, even though there were two distinct peaks in the
rainfall rate and the later peak had the greater volume, the dam discharge was managed to
avold the peak outflow from the Lockyer Valley and that the peak discharge from the dam was
fimited to 1800 m*/s by enabling this flow to extend over two days.

As a consequence, it was possible fo limit the impact of the flood to the reaches downstream
to Mt Crosby for a little longer than this period and to avoid exceeding a minor flood in
Brisbane’s urban areas.

The performance of the Operational Procedures during this flood event were thus not
stratched into providing significant flood mitigation in Brisbane’s flood-prone aregas.

As the strategies described in the paper are quite similar to those which are included in the
current Operational Procedures, it is of concern that apparently SEQ Water has nof modified
the procedures to take into account the disparity in design flood levels in Brisbane that were
the subject of such public dispute that they were investigated by the Crime and Misconduct
Commission,
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3.5 Measures Taken in 2005 Upgrade to Protect the Structural Integrity of Wivenhoe
Dam

3.5.1 General Observations

[t is noted that protecting the structural integrity of both Wivenhoe and Somerset Dams is still
the prime objective of the Operating Rules and is given more weight than to protecting urban
areas from inundation.

It is considered that this welghting needs to be placed in context following the 2005
augmentation of Wivenhoe Dam, which should have removed most concerns about the
integrity of the Wivenhoe and Somerset Dams from consideration when operating the flood
gates for fiood mitigation.

The author's conclusions in this regard are based upon consideration of several papers
obtained from the Australian National Committee on Large Dams {ANCOLD) and referred to
in this submission as References 1, 8,9,10,13 & 14.

These references show that, by upgrading Wivenhoe Dam by raising its crest level and
including an auxiliary spiflway, the dam’s structural integrity should now be sufficient to
withstand a Probable Maximum Flood -~ a quite unlikely event that needs to be taken account
of in the maintenance of the completed structure rather than in mitigating floods.

The relevance of this upgrade in probability terms is best exemplified by the following extract
from Reference 13, which describes the basis for the dam’s ficod security upgrade — an
upgrade which was considered necessary to adapt to changes in the methodology used to
predict Probable Maximum Precipitation in tropical areas and to changes in the ANCOLD Risk
Guidelines.

It is stated as follows:

Upon completion of the Stage 1 works, the Dam Crest Level will be the 1 in 100,000
Annual Exceedance Probability (AEP) event {peak inflow of 43,600 m%s). The
existing Dam Crest Flood (DCF) has an AEP of 1 in 22,000 (peak inflow of 25,700

3
m/s.

By comparing the pre and post upgrade Dam Crest Floods it can be seen that the
Stage 1 works provide a substantial reduction in flood risk and ensures the dam
salisfies the ANCOLD societal risk criteria.

Stage 2 will be constructed within a 15 to 20 year time frame and will increase the
flood capacity to cater for the PMF (peak inflow of 49,000 m’/s).

Stage 1 is currently being constructed by the Alliance and is detailed in this paper.

Reference 13 summarises the works which were proposed to comprise Stage 1 as follows.
The author of this submission has assumed that these works have been constructed :

o A new 164 m wide secondary spillway located through the right abutment of the dam
controlled by three fuse plug embankments. The three fuse plugs proposed for Stage
1 result in the best compromise between delaying the triggering level of the fuse
plugs ad optimising the width of the spillway.

e Raising the Maximum Flood Level by 3m fo RL 80 (1m above the embankment crest
level).
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s Strengthening the existing spillway against overturning, protect the spillway gates,
and modify the dam crest to minimise piping risk for the increased flood loads

and states that the proposed future Stage 2 upgrade will comprise:

s A new 100 m wide tertiary spiliway located through Saddle Dam 2 controlled by a
single fuse plug embankment.

3.5.2 Consideration of Adequacy of Upgrade in January 2011 Flood

Itis relevant to consideration of the manner in which flood storage was released during the
January 2011 flood event, that Reference 13 provides the following information concerning
the current Stage 1 upgrade in Table 1 of that paper:

Maximum Flood Level (MFL)  The adopted MFL for Stage 1 of the works is RL 80
mAHD

Spillway Initiation The first fuse plug embankment initiates at a flood
event with an AEP of 1 in 5000.

Figure 9 of this submission shows Tables 2 — 4 of Reference 13 which clearly indicate how
the main spillway, fusible plugs and auxiliary spillways of the current dam have been
designed to operate.

It shows {Table 2} that the main spillway crest level is RL 67 m AHD. It might be noted that
the Operating Procedures for lake levels up to 68.26m AHD allow for a range of spillway
discharges up to 1900 m¥s to protect bridges if the lake level is likely to be less than 68.5 m
AHD, However, it allows for switching to strategies W2 or W3 ...if the level reaches EL 68.5m
in Wivenhos Dam.

Reference 11 notes with regard to the potential fiood mitigation of the dam and its upgrade:

e Both Wivenhoe and Somerset Dams provide significant flood mitigation benefits for
the design flood outflow peaks compared with the pre dam flood flows.

¢ The proposed works do not change estimated flood outflows for fload events up fo
the 1 in 500 AEP event, thereby preserving the flood mitigation benefits of Wivenhoe
Dam for more frequent flood events.

3.5.3 Apparent lack of recognition that hydrodynamics rather than hydrology provide a
more refiable basis for selecting flood mitigation sirategies

The following comments may be made concerning the apparent manner in which flood
storage was released from Wivenhoe Dam during January 2011 in the context of the above
information. These comments are made in the absence of the detalled rainfall and flow
records held by the Bureau of Meteorology (BoM) and SEQ Water and of other than
anecdotal evidence of the actual rates of release from Wivenhoe Dam,

The following brief explanation of hydrological and hydraulic modelling may assist the
Commisslon in understanding the relevance of each type of computer program or model in
assessing use of the RTFM in flood mitigation.
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Hydrological models are used to generate the rate at which rainfall converts to runoff
in the hydraulic model's catchments and sub-catchments and provide data to be input
to the hydraufic model.

They may be real time, in which the hydrological model estimates inflows from actual
rainfall intensities and patterns using recognised software or hypothetical, generating
“design flood" inflows to a hydraulic model to generate the flows and water levels in
the area covered by the hydraulic model. In this context they normally utilise data and
maethodolagias provided in the most recent versions of "Australian Rainfall and
Runoff' {Reference 11).

Hydraulic models, on the other hand, use the equalions of motion to route the inflows
from hydrological models from the upstream to the downstream boundaries of the
area in which flood flows, water lavels and velocities are required to be simulated for
comparison with recognised criteria.

Hydraulic models may be either steady state or hydrodynamic. The former are
normally used in relatively small models to investigate flows, velocities and water
levels in structures where flood storage effects are relatively minimal. They are rarely
used now in floodplain management.

Hydrodynamic models, by incorporating algorithms which solve the equations of
consservation of mass, momentum and energy, can predict variations with time in
flood flows, velocities and water levels at various points in a flow nefwork ( e.g. MIKE-
11) or at numerous grid points in a two-dimensional network extending over the
complate area of inundation (e.g. MIKE-21 and TUFLOW).

Because of the amount of computing power and speed required to solve the
equations in a two-dimensional model, a network model representing the stream
flows can be embedded in the two dimensional model representing flood plain and
flood storage areas in software such as MIKE-FLOOD and later versions of
TUFLOW. ‘

Modelling linkages between flood flows and flood levels is a fundamental part of
hydrodynamic modelling of fioods in streams and floodplains and, if carried out two-
dimensionally, can generate instantaneous plots of flood level, inundation depth and overland
flow velocity in the floodplains and inundated riparian areas — the product of depth of
inundation and velocity being an important indicator of potential flood damage and risks to life
and property (Reference 12).

It is the author’s opinion that indicators of catchment hydrology have been used as the drivers
of the Real Time Flood Model and the Operational Procedures, whereas contemporary flood
mitigation technologies would place more emphasis on basing flood gate operation upon the
use of fast hydrodynamic modelling to test control strategies and demonstrate their potential
performance in the fiood affected areas upstream and downstream of the dams.

There are a number of indicators that the rainfalls in the catchment, their local amounts and
their areal distribution, are such that the rainfall would have been less than that which would
cause a Q100 flood event - that event being as described in the 2003 review of Brisbane flood
levels undertaken by the expert panel (Reference 6).

The BoM dam water level record shown on Figure 7 shows that a level of 68.5m was reached
in the dam on Saturday 8 January 2011 and did not start to increase untll mid-afternoon
January 9.
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Strategy 2 could have been implemented probably as early as midday, Saturday January 8
and would have allowed releases to cause the peak flow at Lowood to reach 3500 m¥s at

Lowood or 4000 m*/s at Moggill.

Consideration of the BoM flood level data for these and other gauging stations, included with
this submission as Attachment 3, show that the discharge from Lockyer Creek did not
exceed minor flood proportions until late on Sunday night (January 9} while the cumulative
effect of Lockyer Creek flows and Wivenhoe Dam releases did not reach moderate flood
levels at Savages Crossing (downstream of the Lowood floodplain area) until mid-morning on
Tuesday January 11.

At this time the flood level at the Moggill Gauge had not reached 10 metres — the indicator
level of a minor flood.

Table 3 of Figure 8 shows that the design flow out of the main spillway for a 1 in 200 year
flood was 2,800 m%s, well below the 11,600 m%s capacity expected during a 1 in 10,000 year
event,

Thus, as there was apparently considerable residual capacity in the existing spillway to cope
with a flood inflow of 1 in 200 year proportions, it is questionable as to why It may have been
found necessary to release water at more than 2800 m*/s or even 4500 m%/s, the 1 in 500
year design spillway flow or less than half of the spiliway capagity.

From anecdotal evidence it is understood that this was necessary, at up to full spillway
capacity, to prevent the fuse plugs from being initiated.

Table 4 of Figure 8 summarises the situation which would arise after each of the three fuse
plugs would have been initiated, with the relevant flood frequency being that which would *just
initiate a fuse plug breach”.

The following comments from Reference 13 demonstrate that there should have been little
risk to compromising the structural integrity of the dam during the January 2011 flood event
and that opening the gates up to nearly full capacity may not have been necessary and, as a
result, significant opportunities to mitigate flooding in Brishane's urban areas were lost:

e The capacily of each fuse plug bay increases incrementally with flood AEP.

s The first fuse plug breach increases downstream flows by about 1,600 m*/s within
about 20 to 30 minutes.

e The second fuse plug breach increases flows by 3300 m*/s within about 30 to 40
minutes and the third by 4000 m’/s in about the same time.

o The final fuse plug at Saddle Dam 2 increases downstream flows by 7400 m¥sin
about an hour.

What is not obvious from the above is what the above levels and flows mean with regard to
the rate of change in dam flood storage — the only indicators available to the author of this
submission at this time being the BoM record of water levels in the Wivenhoe Dam (Figure 7)
~ the essential stage-storage volume relationship not being provided in the redacted version
of Reference 3.
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Figure 7 also shows the dam rose relatively quickly from the adverse starting level of 68.5 m
AHD from Sunday evening until about 5pm on Monday afternoon, when the rate of increase
was significantly reduced for about 14 hours, probably by increasing the rate of release.

The rate of water level increase in the dam then increased for about 10 hours to about 74.5m
AHD before the rate of release was again increased to actually lower the dam water level and
then stabilise it at less than 756m AHD.

This Is generally consistent with anecdotal evidence that the dam peak water level reached to
within 60 cm of fuse plug initiation.

A clear explanation of the construction and operaticn of the auxiliary spillway and its three
fuse plugs is provided in Reference 9 which describes these three components of the
auxiliary spillway as follows:

The upstream face of the embankment consists of a riprap layer to protect against
wave action. Conseculive layers consist of coarse rock followed by a coarse filter and
then the impermeable clay core that are laid on a sirilar sfope to the riprap.
Downstream of the sloping clay core are more layers of filters that lie on compacted
rock fill, which extends to the downstream slope of the embankment.

The controllad erosion is initiated at a low point or pilot channel located in the
embankment crest. A narrow vertical sfot of coarse filter material Is located
immediately downstream of the pifot channel that extends to the downsfream slops of
the dam and replaces the compacted rock fifl.

As the water lovel In the fake rises above the pilot channel crest to a depth of about
0.15m, fast flowing water starts to erode the coarse filter in the vertical slot, which
removes the malerial supporting the clay core, eventually causing it to colfapse. The
material adjacent to the slot is then exposed to the fast flowing water initiating lateral
erosion,

This and other references describe the extent to which the structural strength of the dam wall,
the existing and auxiliary spillways were analysed and tested to demonstrate that this and the
inbuilt hydraulic capacity of the auxillary spillway and fuse plugs not only met ANCOLD's most
recent guidelines but that the currently constructed Stage 1 of the upgrade has given these
features of the dam the ability to pass the Probable Maximum Flood with a peak inflow of
49,000 m*/s — an event of extreme improbabllity.

Reference 8 aiso discusses the impact of the preferred upgrade on the downsiream river
system using, firstly, an adapted SKM MIKE-11 model of the Brisbane River to provide
inundation maps of the downstream area, estimate damages and provide approximate
warning times.

In addition, the TUFLOW 2-dimensional software package was used to model flood levels and
velocities in the floodplain area where the Lockyer Creek flows Join the Brisbane River above
Savages Crossing, with a view to identifying the localised impacts of spillway discharges from
the various upgrade opticns.

While most of this modelling was concerned with extreme flood events, Reference 8 reached
the following conclusions with regard fo the downstream performance of the now-upgraded
dam:

e The outflows from the dam are less than Wivenhoe inflows for all design flows
investigated up fo the initiation of the tertiary spillway at Saddle Dam 2.
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s Outflows from the dam are always less than pre-Somerset or natural flows.

s Triggering of the fuse plugs on the Right Abutment spillway increases peak water
levels by 0.7 m to 1.1 m at Savages Crossing {on top of a flood depth of 30m) and by
0.3 m fo 0.5 m at Moggill Gauge, on the western outskirts of Brisbane (on top of a
flood depth of 14 m}.

» The rate of water level rise downstream of Savages Crossing is not significantly
affacted by the fuse plug breaches.

» The flood peak travel times from Wivenhoe Dam to Savages crossing (Fernvale) vary
from 7 hours prior to the initiation of fuse plug 1 to 1.5 hrs following the initiation of

fuse plug 4.

s The flood peak travel times from Wivenhoe Dam to Moggill Gauge vary from 23.5
hours to 15.5 hours following the triggering of fuse plug 4.

s The fuse plug flows do not significantly alter the flood peak fravel times.

Thus the maximum damage that could be caused in this instance was that the erosion of the
first fuse plug would initiated and that the auxiliary spillway could be damaged - an event
which had been taken into account in the upgrade’s extensive value analysis on the basis that
it would occur, on average, no more than once in 5000 years.

That this amount of damage was even commensurate with the flood damage in urban areas
the apparently excessive releases from the dam are believed to have caused, is difficult to
reconcile with the information made available at the time the dam was upgraded o meet
ANCOLD specifications.

This suggests there is a need to examine why use of the Real Time Flood Model and the
strategies defined in the Operational Frocedures were quite inappropriate on this occasion.
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4.0 EXAMINATION OF THE SUITABILITY OF THE REAL TIME FLLOOD
MODEL FOR MINIMISING FLOOD DAMAGE IN URBAN AREAS
DOWNSTREAM

4.1 General Comments On the Structure of the Real Time Flood Model
it Is stated in the Operational Procedures that:

The RTFM is a suite of hydrologic and hydraulic computer programs that ulilise the
real time data to assist in the operation of the dams during flood events.

However the redacted version of the Operational Procedures provides little information on the
technology employed In the development and progressive upgrading of what appears to be
an out-dated Real Time Flood Model (RTFM) and one which does not integrate routing of the
dam inflows through the dam flood gates and down the middle reaches of the Brishane River,
followed by the essential roufing of those subsequent inflows through the urban areas of
Brisbane and ipswich City.

A clearer but by no means definitive summary of the RTFM may be gained from information
provided in 1999 as part of an assessment of the performance of the use of the RTFM in
operating the flood gates for flood mitigation during the February 1999 flood (Reference 15).

Reference 15 indicates that the RTFM was developed by the former DNR and that the
February 1999 flood was the first time that the model had been used operationally. It was
described as follows:

The system Is divided into two principal modules, FLOODCOL and FLOODOPS.,
The FLOODCOLL data collector module is designed to:

o Collect, filter and store incoming hydro-meteorofogical data in real fime;
e Enable viewing, editing, infilling and validation of the data;
s  Produce Intensity, Frequency Duration (IFD) curves for incoming rainfafl;

»  Enable editing of sensor details and performance of all the necessary system
housekeeping.

The FLOODOPS operations module s designed to utilise the incoming data to set up
operating scenarios in order fo develop and run hydrologic and hydraulic models on
which to base decisions for the operations of the dam during flood events. It is used

to:

¢ Generate data files (from the databases) suitable for the use in hydrologic
routing, reservoir routing and hydraulfic routing downstream of the dams (e.g.
pluviograph patlerns , subarea rainfalf excesses, hydraufic boundary
conditions);

e Perform hydrologic routing and reservoir routing;

s Perform hydraufic modelfing downstream of the dams fo predict flood levels;

Qid Floods Commission of Enquiry 10/03/2011
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« Allow the user to intervene at any stage and vary any of the model
paramelers, data sefs or scenarios.
The 1999 flood was not really very demanding of the RTFM compared with the January 2011
flood because of the large amount of unused flood storage avaitable below Full Supply Lavel
in both dams at the start of this flood .

Thus performance of the RTFM during this flood did not really demonstrate the extent to
which the dam’s storage might be used to optimise flood protection in the downstream urban
areas in a “design flood” situation such as is required by Brisbane and Ipswich City Councils
for floodplain planning.

Given that the January 2011 rainfall event caused design flood levels to be exceeded in most
of Brisbane’s flood-prone urban areas, it is useful to examine why this apparently occurred.

it is the author's opinion that the fundamental problem with the current RTFM lies in the
FLOODOPS module rather than in the FLOODCOL module for reasons described below.

4.2 Inclusion of the Real Time Flood Model (RTFM) in the Operating Procedures

Section 5 of the Manual of Operational Procedurss for Flood Mitigation at Wivenhoe Dam and
Somerset Dam (Reference 3) describes the Flood Monitoring and Forecasting System refied
upon by SEQ Water to operate the flood gates of both dams.

In this context, upon receipt of projected and actual rainfall and river height data from the real
time flood monitoring system operating in more than 100 field stations in the dam catchments.
SEQ Water uses its RTFM to estimate dam inflows and evaluate a range of possible inflow
scenarios.

It is claimed that the RTFM is then used ...fo operate the dams in accordance with (the)
Manual ....by optimising releases of water from the dams to minimise the impacts of flooding
in accordance with the objectives and procedures contained in (the} Manual.

Reference to Figure 6, from Reference 3, shows that the various strategies are initiated by
expectations of the level to which the water in Wivenhoe Dam will rise.

These levels are finked only to flows downstream of the dam from the bridges near Lowood
and Fernvale and to the flows in the river at the Moggill Flood Gauging Station.

As there is no direct or obvious linkage as to what flood levels may be expected in the urban
areas downstream, it is understandable that the dam operator prioritises protection of the
downstream structures above the level of protection that is or can be afforded to the urban
areas where the benefits of flood mitigation are far greater in major flood events.

In addition, there is a quite wide range of possibilities concerning predicted dam water levels
that have to be taken info account.

For example, only relatively minor releases of water are required under Strategies W1A —
WH1E, unless it is expected that the dam water level will exceed EL 68.5m, by which time a
quite significant amount of flood storage could be lost.

Then there is the quite large range of possibilities that may be applied if it is expected that the
dam water level could reach EL 74.0m - Strategy W2 only being a “Transition Strategy” from
protecting the downstream structures to protecting urban areas from inundation. This still
restricts the maximum outflow from the flood gates to 3,500 m%/s, approximately one-third of
the gates’ full capacily.
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The potential loss of flood storage during this Transition Stage, while unable to be quantified
by the author at this stage, is probably of the order of 50 percent of the total amount of flood
storage provided for in the construction of the dam. This is an unreasonable amount of flood
mitigation potential to be left to the discretion of the Dam Operator and to the vagaries of the
information likely to be provided to the Dam Operator by the Real Time Flood Model.

The point at which maximum releases from the dam can be increased beyond 3500 m’/s s
4000 mYs total flow at Moggill, which then limits flows from the dam to 4000 m%/s (40%) of
the fload gate capacity. During this period Strategy W3 appiies and “the primary consideration
is protecting urban areas from inundation”,

It is expected that other information likely to be provided to the Inguiry will confirm the author's
opinion that limitation of the operation of the flood gates to approximately 40% of their
capacity for such a very small window of apportunity, severely restricts the ability of the Dam
Operator to provide any meaningful flood mitigation in the urban areas during a major flood if
the dams are at or near Full Supply Level at the commencement of the flood event.

Application of an EL 74m criterion for the onset of Strategy W4, when .... The Primary
Consideration is Protecting the Structural Safely of the Dam ... might also be seen to be
another significant constraint to the amount of flood storage then available to reduce the
inundation of urban areas downstream in a major flood - given the extent to which the risks to
the structural safety of the dam have been reduced by the Stage 1 upgrade.

It might be noted that the water level at which the first fuse plug would be initiated is EL
75.5m.

Strategy W4A allows no limit on maximum release rate within this range but indicates that
“lower level objectives are still considered when making decisions on water releases” if
indications of the peak level are such that it would not reach the trigger level of the first bay of
the fuse plug.

Even so, the amount of flood storage which might not otherwise be lost through early
implementation of Strategy W4A is considerable and the impacts of releasas beyond 4000
m*/s upon flood damage in downstream urban areas can be shown to be quite significant.

Strategy WA4B is responsible — the problem is how to avoid getting to this point without
causing dam discharge rate to worsen potential flood damage downstream within the
constrained window of opportunity offered by the structure of the Operational Procedures and
the potential for a belated feedback of the results of such strategies to the Dam Operator.

The problem is compounded by reliance upen the FLOODCOL module of the RTFM and the
hydrological components of the FLOODOPS module to give timely and refiable advice to the
Dam Operator upon the level of water that can be expected in Wivenhoe Dam,
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5.0 RECOMMENDATIONS TO THE COMMISSION CONCERNING THE
NEED TO UPGRADE OR REPLACE THE REAL TIME FLOOD MODEL
AND REVISE THE OPERATIONAL PROCEDURES

51  The Need to Revlse the Objective of the RFTM

It is considered that the previous sections of this submission have provided ample
demonstration that the RFTM did not allow the Dam Operator to manage the releases of
water stored in Wivenhoe Dam during the January 2011 flood event to minimise flood
damage in the urban areas downstream to the extent expected in previous flood studies.

It would appear that that the RFTM does not recognise that the flood gates are the only
control mechanism available to minimise flood damage in the urban areas downstream and
that the optimal performance of a contro! system is achieved when feedback from the
objective of a controf system is received and assessed in a timely manner and the controller
is adjusted accordingly.

In this case it would appear that the “objective”, as far as flood mitigation is concerned, is
minimising flood flows at downstream structures initially and, in the later parts of a major
flood, flood flows at the Moggill Flood Gauge. Downstream flows are only indicators of
potential flood levels downsiream, not the variable for which feedback to the flood gate
controfler is required.

The RFTM needs to be upgraded to better predict peak flood levels in the downstream urban
areas rather than flows at Moggill.

5.2 The Need to Upgrade the Hydrodynamic Modelling Capability within the RTFM

It would appear that the hydrodynamic modelling capability of the FLOODOPS modute is not
capable of carrying this out to the extent that current hydredynamic modals can achieve, e.g.
MIKE-11, or can be interfaced with those which are already in use for floodplain planning
downstream of the dam, e.g. MIKE-11 and TUFLOW.

The author's experience of the technologies now available to model flood flows through
catchments, streams, storages, structures, rivers and floodplains, suggests that the
hydrodynamic model to replace or upgrade FLOODOPS should be extended upstream of the
existing models to include the dam gates and regulators in the Wivenhoe and Somerset
Dams and the flood routing through each of these storages of actual or anticipated inflows to
these storages from the various dam sub-catchments.

This would enable the flood gate and flow regulator operations to be embedded in the model
and so allow the model to compute the impact of proposed or actual changes to these releass
mechanisms as flood inundation levels downstream, allowing these to be directly correlated
with projected amounis of flood damage.

The actual hydrodynamic software needs to be selected such that its modelling spead can
match the speed required of advice to the flood gate controller, manual or automatic, to
achieve the optimum result downstream. It is considered that there are a number of software
systems in use in Australia which could be adapted for this purpose.

5.3 Potential to Add an Optimising Module

If the hydrodynamic module is upgraded to show how varying the release flows from
Wivenhoe Dam impacts on a selected measure of flood inundation downstream, under real
time conditions, then this information can be fed back into an optimising module.
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The optimising module would then consider measured changes to the dam water level and
send a signal to the flood gate controller if the release rate needs to be changed and would
indicate the extent of the change which should be made to minimise any increase in flood
levels in the downstream areas.

The optimising module could also be programmed to include constraints to the operation of
the flood gates to provide for many of the issues addressed by the various strategies outfined
in the Operational Procedures.

Optimisation through the use of dynamic systems modelling Is not a new technology.

It is understood that a Brisbane-based company, DHI Water and Environment, has developed
a Computer Aided River Management System, which is about to be implemented to manage
the releases from a major irrigation dam such that the amount of water conserved in the dam
is maximised by matching the variable demand from irtigators at a considerable distance
downstream of the dam.

DHI Water and Environment are the Australian representatives of the Danish Hydraulic
Institute, which is an internationally-recognised pioneer of hydrauiic modeliing of rivers and
streams through the development of its MIKE-11, MIKE-21 and MIKE-FLOOD software.

It is recommended to the Inquiry that a submission should be requested of DHI Water and
Environment to demonstrate how their Computer Aided River Management System might be
adapted to optimise future releases of water from Wivenhoe Dam for flood mitigation in the
urban areas downstream.

54 Hydrological Modelling

As the hydrodynamic and optimising modules can be operated either in real time or with
inputs determined by another hydrological module, the author offers no comment upon the
data collection, hydrological modelling and flood forecasting methodologies of the RTFM.

However, it is considered likely that these will need to be reviewed and modified where
necessary if the RTFM Is changed as recommended above.

5.5 Flood Operations Strategies

It is recommended that the provision of optimum protection of the urbanised areas from
inundation should be the primary objeclive of the flood operations strategies in any revision of
the current Operational Procedures.

The Wivenhoe Flood Strategy Flow Chart, as shown on Figure 6, should be changed to
enable the window of opportunity for releases of between 1900 m%s and 4000 m%/s to be
accessible when there is a possibility that significant flood damage may be prevented in the
urban areas by implementing such releases.

The Flow Chart should also be amended to raise the trigger level for Strategy W4 to at least
EL 75.0m to further expand the above window of opportunity.
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5.6 Retention of Existing Design Flood Levels until RTFM has been Upgraded

The design flood levels, as shown by Council's current Fleodwise Properly Reports, should
be retained until the Real Time Flood Mode! and the Cperating Procedures have been
modified.

The resultant hydrodynamic model which incorporates the above technologies may then be
used in a floodplain planning mode fo generate design flood levels that incorporate the
improvements in flood mitigation likely to be found possible with the upgraded RTFM and
Operaling Procedures.
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Brisbane City Council . Report Reference

FloodWise Property Report 152623

10/03/2011 09:55:37

Dedicated fo a better Brisbane

The FloodWise Property Report is a free report to inform Brisbane residents and professionats about flood risks for a
specified lot or property so they may better prepare for flooding and to plan and build in accordance with Council
requirermnents.

To find out more about how the contents of this report may affect your ability to build or renovate, as well as Councli
advice on how to protect your property and family by belng FloodWiss, visit www.brisbane.qld.gov.au, a Customer
Service Centre or call (07) 3403 8888,

Address: 3 EDWARD ST BRISBANE CITY QLD 4000
Lot Details: L.3/RP.129917 '
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HIGHEST SOURCE OF FLOODING

RIVER The highest source of flooding affecting this property originates from a river. For mor{T™E Extract From BCC
floading n your area you can view and download Council’s Flood Flag Maps by visiting Flood Pronerty Renort for
www.brisbane.qid.gov.au/ffoodmap perty kep
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Manual ef Operational Procedures for Flaod Mitigation a4 Wivenhoe Dam and Semerset Dam
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Table 2 Peak Qutflows and Dam Water Levels at Fuse Plug Initiation Levels, Wivenhoe Dam

Auslliary SpHiway Crest Spithway Crost Spillway Crest Lavel Peak Lake Level at Fuse Plug
SpHiway Centrol Type Width (m AHD}) Initiation
Locatlon {m) {m AHtD)
Right Bonk (Stage 1}
Fuse plug 1 Ogee M 67 757
Fuse plug 2 Ogee 64,5 67 76.25
Fuse plug 3 Ouee 653 67 71.2
Saddle Dom 2 (Sage 2}
Fuscplugd | Ogee 100 67 8.3

Table 3 Design Inflows and Outflows for Existing, Stage 1 and Stage 2 Upgrades, Wivenhoe Dam

,I\'nnunl Exceedance | o v jnmow into Peak Outflorwr (m/s)

rubnhlli:y‘ of Floath | v innoe (s} . . )

Event (lIn X) Esisting Spillway Stage | Total Discharge Stage 2 Total Dischnrge
200 8,300 2,800 2,600 2,800
500 10,500 4,600 4,500 4,500
1,000 12,100 6,200 7,200° 7,200°
2,000 14,000 8,700 9,700° 9,700°
5.000 17,200 9,700 11,300 11,300
10,000 20,800 11,600 16,800 18,600
21000 25,700 12,300 ? 16,000 18,000
50,000 34,900 .2 24,800 24,800
108,000 43,300 .0 28,200° 35,000
PME 49,000 -® .2 37,400°

* Dam Crest Fioad

® Overlops dam wall

* increases due to changes to flocd operaling procaedures to remova lhe

radlal gates from the splilway ficw prior 1o the iniliation of the fuse plug spitiway

Table 4 Peak Outflows and Maximum Lalke Levels at Fuse Plug Initlation, Wivenhoe Dam

Peak Qutflow {m¥s} Maximum Lake
Fuse Plug No. | Approx. AEP (1n Water Lovel
wsd™ | v | oousspv | PR | ST | e
1 5,000 8,700 1,600 0 757
2 8,500 11,000 4,900 ¢ 76.256
3 25,000 12,200 8,800 0 77.2
4 {802} 62,000 13,000 12,100 7,400 78.3

Queensland Floods
Commission of Inquiry
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ATTACHMENTS

1. Email from M.F. Winders to Counsel Assisting the Commission, 15 February 2011
2. Floodwise Property Report for 3 Edward Street, Brisbane

3. Bureau of Meteorology flood level records at Relevant Flood Gauging Stations
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Max Winders

[

From: Max Winders

Sent: Tuesday, 15 February 2011 4:37 PM

To: 'info@floodcommission.gld.gov.au’

Subject: Request for further information required to compile a submission to the Inquiry
Attention: Counse| Assisting the Inguiry

Dear Counsel

As an engineer whose consulting practice has and Is continuing to be involved in the analysls of actual and statistical
flood scenarios in a large number of SE Queensland streams, | have followed the recent Queensland floods with
some interest and spent a considerable amount of time over the period from Saturday 8 January 2011 untll at least
Thursday 13 January 2011 downloading from the Bureau of Meteorology website the water levels at a number of
the Bureau’s River Helght Stations so that | might be able to predict the levels in areas of concern from the level
traces and from the Bureau's rainfall intensity information,

On the afternoon of Tuesday 11 January 2011, my office was advised by our landlord, Investa Pty.Ltd,, to vacate our
leased premises on the 15™ Floor of the Brisbane Club Tower because of the Impending flooding — apparently with
advice from the Premler and the Lord Mayor that it was going to be “worse than the 1974 flood”. My BoM records
show that the fload height at the City Gauge at high tide was 2,0m and at the onset of a “Moderate Flood”,

At about 9am on Wednesday 12 January, | visited 241 Adelaide Street to find water [evels in the basements of our
and adjolning bulldings rising to levels within a few metres of street level and continuing to rise. The level at the City
Gauge, from my records was then about 3.2m and rising. The river then continued to rise to about 4.5m at the City
Gauge about two tide cycles later,

During this period | travelied over the Gardens Polnt Bridge to the Kangaroo Point cliffs to view the flooding and pald
particular attentlon to the eddy downstream on the bridge pier nearest the CBD to see if it was visually comparable
with what | had viewed in that location when stream gauging in a boat on the Brishane River after the peak of the
1974 flood. It Is my recollection that there was a “whirlpool” there in 1974, approximately 15m diameter and 1.5m
deep. On 12 January 2011 there was no evidence of a whirlpool ~ only a serles of much smaller eddles streaming
downstream from the bridge pier.

This strengthened my earlier assessment that the 2011 flood flows were not as high in the Brisbane CBD reaches as
they were during the 1974 flood.

it was also shown at the time that the Bremer River, a quite significant source of flood flows through Brisbane, did
not reach the same levels in Ipswich as they did in 1974,

This led me to the proposition that the peak flow of the Brisbane River past Brisbane's flooded urban areas should
have been significantly lower than that which occurred during 1974 and that the actual flows may have been higher
than expected due to an untimely and excessive release of floodwaters from the Wivenhoe Dam coinciding
somewhat with the Bremer and Lockyer Inflows and high tides,

To investigate the extent to which the timing and extent of the dam releases may have been inappropriate, it Is
necessary to resort to hydrodynamic modelling of the actual flood to reproduce the flood level traces identified by
the BoM for varlous gauging statlons in the flood flow network. These models are constructed from the geometry
and hydraulic roughness characteristics of the river basin’s flow channels and floodplalns and the structures such as
dams, welrs, bridges and levees which affect flood flows and flood levels.




The input to such models comprises runoff and precipitation inflows into the various parts of the model network,
principally the upstream ends of the major tributaries, and tidal and storm surge water level variations at the
downstream end.,

Hydrological models are used to generate the rates at which rainfall converts to runoff and enters the model at its
upstream boundarles, They may be actual and “real time” or hypothetical, using accepted statisticatly-based
hydrologlcal data to generate “design floods”.

it would be expected that the Commission will be able to access the rainfall Intensity data and the output from
reliable hydrological modelling of the January 2011 flood event which might be used as the input to the
hydrodynamic modelling which, in my oplnion, is necessary to the understanding of the Impacts of that flood
event throughout the Brishane River catchment, Your advice as to the availability of this information at some
stage during the Inquiry would be appreciated as access to this would Improve the credibility of my submission.

There are numerous versions of hydrodynamic modelling software sultable for flood modelling and these have been
avallable for many years. Because they solve the equations of conservation of mass, momentum and energy over
discrete elements of the flood flow path over short periods of time, they are capable of producing output which can
be compared with the time-varying level traces of the BoM at significant parts of the flow network, as well as flood
velocities and flows. In other words they can show the potential delay in the flood peak from an upstream
monitoring station as well as an estimate of the flood level, flow and velocity at varlous polints at that time.

It Is understood that MIKE-11, network hydrodynamic modelling and TUFLOW, two-dimensional hydrodynamic
modelling has been carried out for Brisbane and Ipswich City Councils but that these models do not include the
hydrodynamics of the Wivenhoe and Somerset Dams nor of the manner In which operation of the flood gates and
auxlliary spillways may Impact on the outflows from the Wivenhoe Dam.

Thus they have characteristicaily been run with hypothetical hydrological input data — probably with some
assumptlons concerning the water level in the Wivenhoe Dam at the start of a flood and the rate at which water
might be released from the Dam thereafter. There were examples of the results of such modelling on the Brishane
City Council web-site durlng the early part of the flood which | was able to download at the time - but these no
longer appear to be accessible. They appear to be of a Probable Maximum Flood of 12000 cumecs at the Port Gauge
- approximately double the flow considered by the 2003 report to Council to be a Q100 fload flow at this point,

it Is thus difficult for me to be able to identify what information might have had avallable to it when issuing flood
warnings and when planning flood management and mitigation strategies.

Your advice as to the avallability of the Council information developed from such modelling would be of further
assistance In developing my proposed submission as it would indicate the extent to which this could be readily
incorporated into an overall system model prior to the next La Nina period = the prime purpose of my submission,

Of equal significance s the potentlal availability of the stream gauging and level records of the Australian
Government’s Bureau of Meteorology for this flood. The Bureau operates a flood warning system “for the Brisbane
River below Wivenhoe Dam to Brisbane City. The Bureau also provides Indicators of flood risk and whether a flood
has reached minor, moderate or major flood precautions.

The Bureau’s description of the above flood warning system refers to a flood forecasting capability as follows:

The Bureau of Meteorology, in assoclation with the South East Queensland Water Corporation (SEQWater)
and the City Counclls of Brishane and Ipswich, operates a flood warning system for the Brishane River Basin
using rainfall and river height network shown on the map, The network is made up of manual and river
height observers as well as automated telemetry equipment.

The flood warning system has been upgraded In recent years by the Bureau, SEQWater, BCC and ICC with the
installation of many ALERT flood warning stations. These provide early warning of heavy rainfalls and river
rises throughout the catchment and enable more accurate and timely response to impending river and creek
flooding throughout the Brisbane Valley.




My enquiries to date suggest that this is basically a hydrological model which determines river flows at points
downstream of Wivenhoe Dam and, from the rlver flows, flood levels at these gauging stations. As wlll be show
below this is seen to be a major shortcoming in the flood warning system in that it is only a partial and incomplete
model and is matter which needs to be examined by the Commisslon, Your advice as to the avallability of a
description of the current flood forecasting methodology would be appreciated.

The need for the Commission to focus on the systems and methodologies empioyed in forecasting Brishane River
flooding and so more-effectively managing the releases from Wivenhoe Dam [s helghtened by the Table of Agency
Requirements In Section 6.2, p.7 of the “redacted version” of the Manual of Operational Procedures for Flood
Mitigation at Wivenhoe Dam and Somerset Dom which shows the chain of communication of SEQWater’'s actual
and projected discharges from Wivenhoe and Somerset Dam In which SEQWater’s Flood Operations Centre firstly
pass this information on to DERM for “review of fiood operations and discretionary powers” and to the Bureau of
Maeteorology for the “Issue of flood warnings for the Brishane River Basin, leaving the Bureau to pass this
information on to Brisbane and Ipswich City Council to provide flood level Information in the relevant city’s flood-
prone areas.

Section 5 of the SEQWater manual describes its “flood monitoring and forecasting system”, referring to a Real Time
Fiood Model (RTFM) and 1t is believed that the results of this model, “a suite of hydrologic and hydraulic computer
programs” are used as a basis for operating the dams during flood events.

! am concerned that the output from this model may be estimates of the flood flow In the Brisbane River at the
Moggill flood gauge and that its Inputs and outputs may not be consistent with the data that has been input to
Councli modelling.

Thus there could be quite significant delays In working out the impacts of varlous Wivenhoe gate opening strategies
on those downstream urban areas where the need to minimisa flood damage is maximum,

I would be grateful to recelve advice as to the potentlal availability of a description of the RFTM and how it has
been upgraded and operated durlng the January 2011 flood as this should confirm my belief that RFTM Is
Inappropriate to use in its current context and should be discarded in favour of an upgraded hydrodynamic model
of the whole river basin = Including Wivenhoe and Somerset dams.

It Is proposed that my submission would identify the systemic problems of managing the dam outflows using the
current modelling technologies and forecasting methods.

To do so it would be much more credible if | could access a non-redacted version of the SEQWater Manual, as 1t
contains quite basic information concerning the dams in the Appendices -~ all of which have been blacked out, |
would appraciate advice upon the potential availability of controlled access to a non-redacted verslon of the
Manual and other information describing the dams’ stage-storage relationships such that [ could better explain
the systemic problems with the current flood management systems.

A subsequent submission Is being considered to show how contemporary hydrological and hydrodynamic modeiling
techniques can be tailored to provide a real time flood forecasting system In which the operation of the Wivenhoe
and Somerset Dams can be embedded to provide a more-effective means of minimising flood damage than has
recently been demonstrated .

I would be pleased to meet with counsel assisting the Commission to discuss the above at your earliest
convenience.

Yours sincerely

M.F. Winders BE{Hons} FIEAust RPEQ




Max Winders
Managing Director

Max Winders & Assoclates Pty Ltd tas
MWA Environmental
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Brisbane City Council  Report Reference -

FloodWise Property Report 1626238
10/03/2011 09:556:37

Dedicated to a better Brisbane

The FloodWise Property Report is a free report to Inform Brisbane resldents and professtonals about fiood risks for a
specified lot or property so they may batter prepare for flooding and to plan and build in accordance with Council
requirements.

To find out more about how the contents of this report may affect your ability to bulld or rencvate, as well as Councl|
advice on how to protect your property and family by belng FloodWise, visit www.brisbane.qld.gov.au, a Customer
Service Centre or call (07) 3403 8888,

Address: 3 EDWARD ST BRISBANE CITY QLD 4000
Lot Detalls: L.3/RP.129917

FLOOD LEVEL INFORMATION
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For a detaifed summary of anticipatad flood levels and flags see technlcal summary over page.

HIGHEST SOURCE OF FLOODING

RIVER The highest source of flooding affecting this property originates from a river. For more information about
flooding in your area you can view and download Council's Flood Flag Maps by visiting
www.brisbane.gld.gov.aufflcodmap

CC10473 (1042010} © Brisbane City Council - Corporate Page 10of 3



Technical Summary

Use this summary to supply information about this property to surveyors, builders, certifiers, architects and engineers
who may request this FloodWise Property Report. This summary has been designed to be easily read if scanned or
faxed.

Property Detalls
Address: 3 EDWARD ST BRISBANE CITY QLD 4000
Lot Details: L.3/RP.129917

Flooding Information Predicted Peak Flooding Levels (ARI)
Minimum Ground Level (AHD) 35m Years Level (AHD) |Source

Maximum Ground Level {(AHD) 50m 5 1.9m STORM TIDE
Highest Defined Flood Level (DFL) 3.9m 20 21m STORM TIDE
Highest Flooding Source RIVER 50 32m RIVER

Minimum Habitable Floor Level (AHD)} 4.4 m 100 orDFL] 3.9m RIVER

Flooding may also occur from: STORM TIDE

Disclaimer

1 Defined flood levels are determined from the Information avallable to Councll at the date of Issus, The defined flood
level for a particular property may change If more detailed information becomes avallable, or changes are made In
the method of calculating flood levels,

2 Forthese reasons, Council makes no warranly or rapresentation regarding the accuracy or completeness of a
FloodWise Property Report. Councit disclaims any responsibifity or liabllity in relation to the use or rellance by any
person on a FloodWise Property Report.

CC 10473 (10/2010) © Brisbane City Council - Corporate Page 2 of 3



Useful Definitions

Australian Helght Datum (AHD} - The reference level
for defining ground levels in Australia, The level of 0.0m
AHD [s approximately mean sea level.

Average Recurrence Interval (ARl ) — The probability
of experiencing a flood of a particular magnitude. ARI
can be interpreted In terms of years (frequency). AR!
levels quoted in this report are measured in height
above sea level {(AHD).

Defined Flood Leve! (DFL) - The flood level
associated with a dsfined flood event. Commonly, the
standard used Is the 100 year ARI. For further
information refer to the House Code in Brisbane City
Plan 2000, specifically Table 1: House Flood immunity
Levels for residentlal property.

Maximum and Minimum Ground Level - Highest
and lowest ground {evels on the property based on
available ground level information. A Reglstered
Surveyor can confirm exact ground levels.

Minimum Habitable Floor Level - The minimum level
above sea level at which habitable areas of
development {generally including bedrooms, living
rooms, kitchen, study, family and rumpus rooms) must
be constructad.

Find Out More

Whether you are bullding, buying, renting or preparing
your property for flooding, obtaining a FloodWise
Property Report is the first step in determining your
propeity’s flood risk. Council's ‘Be FloodWise' serles of
publications can assist you to plan ahead, respond to
and recover from flooding. They are available online at:
hitp:/fwww.brisbane.qid.gov.au/floodwise or by phoning
Brishane City Coungil on {07) 3403 8888.

The 'Be FloodWise' publications Include:

Preparing for Flooding

Assess your flood risk, prepare for and respond to, flood
events.

Be FloodWise - A guide for residents

Buying / Renting

Assess the flood risk of a property before making a
declsion to rent or buy.

Buylng and renting fact sheet

Building or Renovating

Renovations around your home or business can impact
on your flooding exposure, Ensure your house meets
City Pian 2000 fiood immunity

Bullding and renovating fact sheet

City Plan 2000 — City Plan 2000 sets out what you can
bulld and where new development should go. Councll
assesses proposed new development agalnst the City
Plan 2000.

If you are planning to renovate or bulld, Councl
recommends you engage a Registered
Professlonal Engineer of Queensland to undertake
a thorough assessment of all flood risks specific to
the property.

CC10473 (102010} © Brisbane City Council - Corporate
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Data as Table | Previous Station | Nexd Station } Back to Bullelin

About this plot
1. The dver height data Is the latest avallable operational dala provided for flood warning purposes and has not been quality

controlled.

. Staflons marked with * or # indicate that lhe data Is provided from automatic equipment.

" Slalions marked wilh * are Telephone Telometry Davices and are neminally palted once a day and more often during
floods.

. Stations marked with # are ALERT Radio Telemalry and report every 3 hours and more often when the walter level
changes.

. Al river helght reporls are in matres and are shown in local time.

. Helghts or depths above/below roads, bridges, dam spilivays and welrs are given as a guids only. For road open/dlosed
information, see the RACQ website,

. This product includes data made available to the Buresu by other agencles. Separate appioval may be required lo use
the dala for olher purposes. Refer to Lisling of Operating Agencies for Stalion Ownership.

. Whera data is supplied from a Depariment of Enviroament and Resource Management {DERM} Monitoring Sile, please
follow this fink to get advica on dala use and copyright.

. For other Slation delalis: Flood Classifications, Road Crossings, Survey/ARD Delails, Maps
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@ Copyrighl Commorraeatth of Austialia 2010, Buraau of Meleorology (ABN 92 837 533 532)

Pleasa nole the Copyriahi Natice and Disclalmer stalements retating lo the use of the: nfocmation on Ehis site and our site Privacy and Accessbility stalements, tsers of these wob
pages am deemed to hava read and accepled the conditions described in the Copyright, Disclaimes, and Privacy statements. Pleass alse nole the Acknowdedeemenl notica felaing to
the usa of lnformation on this site. No uasolicited commerdal amat.
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‘River Height data for Brisbane R at City Gauge #
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105283
Latest River Heights for Brisbane R at City Gauge #

lssued at 10:16 am EST Thursday 13 January 201

About fiver heights pots § About this Piot

Station detafts:  Station Number: 640188 Name: Brisbane R at City Gauge#  Owner; SEQWC0:143838
Flood levels: HMinor: 1.70  Moderate: 260  Major: 3.50

Data from (he previous 4 days.
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Data.as Table | Previous Stalion | Mexi Statien | Back fo Bulletin

About this plot
1, Tha river helght data is the fatesi avallable operational date provided for flood warning purposes and has not been qualily
controlled.
2. Stalions marked with * of # Indicate (hat the dala is provided from automalic equipment.
3 s‘t)gtéons marked vith * are Telephono Telemelry Devicas and are nominally polled once a day and more often during
floods.
4. Stations marked with # are ALERT Radio Telemelry and report every 3 hours and more often when the water level
changas.
5. All river helght reports are In metres and are shown In local time.
8. Heighls or depths above/below roads, bridges, dam spltways and welrs are given as a guide only. For road open/closed
Information, sea lhe RACQ website.
7. This product Includes data made available lo the Bureau by other agencles. Separate approval may be required o use
the data for oliver purposes. Refer to Lisling of Operating Agencies for Stalion Gwnership.
8. Whnere daia Is supplied from a Department of Environment and Resource Management (DERM) Monitoring Site, please
foliow this link to get advice on dala use and copydght,
9. For othet Station details; Flood Classifications, Read Crossings, Survey/AHD Delails, Maps

Ftome § About Us | Contacls | Gareers | Search | Sits Map { Help | Feedback
Weathar & Warnings | Cimate Information | Wales information | Radar | RSS | Learn Aboul Meteorology

© Copyright Commarnweatth of Auslraia 2050, Bureau of Meloorology (ABN 82 637 533 532)
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Plaasa note the Copyich! Notice and Dischaimer statements relaling o tha use of the information on his site and our sile Privacy and Accessbddy statements. Users of thesa web
pages arg deemed to have read and accepled ha condiions dascribed in the Copyright, Disciaimer, and Privacy stalements. Pleasa alsa nctd Ihe Ackigaledaemar: notice relating to
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* River Height data for Oxley Ck Mouth # Page 1 of |
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Latest River Helghts for Oxley Ck Mouth #

tssued at 8:15 am EST Wednesday 12 January 2011

Aboul river heighis plots [ About this Plgt

Station detalls:  Station Number: 540274 Name: Oxfey CkMouth #  Owner: BCCi143872
Flood levels:  Minor; 280  Moderate: 3.50  Major: 6.50

Data from the previous 4 days.
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Data as Table | Pravious Station | Next Station | Back io Bullelin

Ahout this plot
1, Tha river helght dala is Ihe fatest available operatior al data provided for fiood warning purposes and has nol besn quallty

controlied.

. Stations marked vith * or # indicate that the dala Is provided from automatic equipment,

. Stations marked with * ara Telaphone Telematry Devices and are nominally potled once a day and more often dusing
floods.

. Slations marked wilh # are ALERT Radio Telemetry and repost every 3 hours and more often when the waler level
changes.

. All civer height repos are In metres and are shown In focal time.

. Heights or depths above/below roads, bridges, dam splitways and weirs are given as a guide only. For road open/dosed
informalion, see the RACQ websile.

. This product includes dala made available to the Bureau by other agercies, Separate approval may be required {o use
the data for olhar purposes. Refer 1o Listing of Qperaling Agencles for Station Gwnership.

. Where data s supplied from a Depariment of Environment and Resource Management (DERM) Moniloring Site, please
foltow this link to get advice on data use and copyright.

. For other Station detalls; Flood Classificatlons, Road Crossings, Survey/AHD Detalls, Maps
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pagas ata deamed [o hava read and acoapted tha Conditions described In the Copyright, Disclaimer, and Privacy statements. Pieasa alse note the Acknoniadaerment notica relating fo
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: River Height data for Brisbane R at Moggill # Page 1 of 1
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Latest River Heights for Brisbane R at Moggill #

Jssued at 8:14 am EST Wednesday 12 January 2011

About river heights plots | About this Plot

Station defails; Station Number; 040812  Mare: Brisbane R at Moggil#  Ownor: CBM: 143961
Fiood levels: #inor: 10.00  Moderate: 13.00  Major: 16,50

Data from the previous 4 days.
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Dala as Table | Previous Stafion | Next Statlon | Back to Bullatin

Abouf this plot

1, The siver height data Is he latest avallable operational dala provided for flood warning purposes and has nol been quality
controlled,

. Slations marked with * or #indicate thal the data Is provided from automatic equipment.

| Stations marked with * are Tetephone Telemelry Davices and are nominally polled once a day and more often during
flocds.

_ Statlons marked with # are ALERT Radlo Telemetry and report every 3 hours and more often whan the waler lovel
¢hanges.

. Alt river helght reposts are in metres and are shown In focal ime.

. Helghts or depths abovelbelow roads, tridges, dam spillways and welrs are given as a guide only. For road open/closed
Information, see the RACQ website.

. This producl Includes data made avallable to the Bureau by other agencies. Separate approval may be required 1o use
the data for olher purposes. Refer to Lisling of Operating Agencies for Slation Ovmership.

. Whare dalais supplied from a Depariment of Environment and Resource Management (DERM) Monitoring Site, please
foliow this link to get advice on dala use and copyright.

. For other Station details: Flogd Classifications, Road Crossings, SurveyAHD Defails, Maps
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© Copyright Commoraealth of Austiatia 2010, Bureau of Meleorvlogy (ABN 92 637 533 632}
Plaase note the Copysight Nolica and Disclarmer statemants relating (3 the usa of tha Infermation on this site and our site Privacy sad Acessibiily statemants. Usess of thass web
pagas aro deemed 1o dave read and accapled the condilions describad in the Copytight, Disciaimer, and Privacy statements. Please also nole the Acncwigdaemert notice relating 0
tha use of information on this site, No unsoficited commercial emat,
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River Height data for Bremer R at Ipswich # Page 1 of 1
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Latest River Heights for Bremer R at Ipswich #

Issued at 10:18 am EST Thursday 13 January 2011

Aboul river heights plols | Abou! this Plot

Station dotalts:  Stalion Numbor: 040831 Name: Bremer R at Ipswich # Gwner: CBMICC: 143954
Flood levals:  Miner: 7.00  Moderate: 9.00  Major: 11.70

Data lrom the previous 4 days.
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Data as Table | Previous Station | Nexl Station | Back i Bullelin
About this plot
1. The river height data is the latest available operational data provided for fiood warning purpoeses and has not been quality
controlied,
2. Statlons marked with * or # Indicate that the dala s provided from automatic equipment.
k3 S;l(iions matked with * are Telaphone Telemelry Devices and are naminally polled once a day and more often during
floods.
4. Slations marked with # are ALERT Radio Telemelry and repoit every 3 hours and more often when the water level
changes.
5. All river height reports are [n metres and are shown inlocal ime,
6. Heights or depths abovelbelow roads, bridges, dam spltways and welrs are given as 2 guide only. For read openciosed
informatlon, see the RACQ website,
7. This product includes data made avallable to the Bureau by olher agencles. Separate approval may be required to use
the data for olher purposes, Refer to Listing of Ogerating Agencles for Station Cvmership.
8. Where data is supplied from a Depariment of Environment and Resourca Management (DERM) Monitoring Site, please
folow this link to get advice on dala use and copyright.
9. For olner Stalion details; Fluod Classifications, Road Crossings, SurveyiAHD Detalis, Maps

tHome | Aboul Us | Contacls } Gareers  Search [ Sila Map | Halp | Feedback
Veather & Wamings | Glimate Information | Water infermation | Radar | RSS | Leam About Melecrology
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pagas ara deamed Lo have read and accapled the condtions described in the Copyright, Gisclalmer, and Privacy stalements. Please also nole the Acknawledgameny, totica relating lo
the s of informaticn on this s1e. No insolicited commerdial emall.
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. River Height data for Brisbane R at Mt Crosby # Page 1 of |
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65389

Latest River Helghts for Brishane R at Mt Croshy #

lssued al 6:13 am EST Wednesday 12 Janvary 2011
About river helghls plots ] About this Plot

Station details:  Statlon Numbar: 540199 Neme: Brisbane R at Mt Crosby#  Gwner; SEQWC0:143838
Flood ievels:  Minor: 11.00  Moderate: 13.00  Major: 21,00

Data from the pravious 4 days.
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Data as Table | Previous Station | Nex| Statien | 8ack to Bulletin

About this plot

{. The river height dala is ths latest available operational data provided for flood warning purposes and has not been quality
confrolled.

2. Stations marked wilh * or # indicale thal the data is provided from automalic equipment.

3. Slations markad with * are Telephona Telemeatry Devices and are nominally poited once a day and more often during

Noods.

4. Stations marked wilh # are ALERT Radio Tetemelry and report every 3 hours and more often when the water fevel
changes.

5. All fiver helght reports are in metres and are shownin local lime.

8. Heights or depths aboveltelow roads, bridges, dam spiliways and welrs are given as a gulde only. For road openiclosed
Information, see the RACQ website.

7. This product includes data made avallable 1o the Bureau by olher agencies. Separate approval may be required o vse
the data for olher purposes, Refer fo Listing of Operating Agencles for Slation Qwmership.

8, Whare data is supplied from a Department of Environment and Resource Management (DERM) Monitoring Site, please

{ollow this link [0 get advice on dala use and copyright.
. For other Statlon delalls: Flood Classificalions, Road Grossinas, Survey/AHD Details, Maps

Home | About Us | Contadds | Careers | Search | Site Map | Help § Feedback
Wealher & Wamings | Climate Information | Water Information | Radac | RSS | Leam About Metecrology

® Cepytight Commonweshh of Ausiraiia 2010, Bureau of Mateorciogy {ABN 92 637 533 532)

Pleass nola tho Cogyran! Notics and Disclaimer statements relating to tho use of the Infarmation on this s1o and guf 58 Privacy and Accassibitity slatements. Users of these web
pagas ara deemed 10 have read and accopled the conditons descrbed i tha Copyrighl, Disciaimer, and Privacy slatemients. Pleasa also nole tha Adwowledaenant nobice relating to
tha usa of information on this site. No unsoficited commercial emal,
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‘River Height data for Brisbane R at Savages Crossing # Page 1 ot 1
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Latest River Heights for Brisbane R at Savages Crossing #

Issued at 10;14 am EST Thursday 13 Janvary 2011
About dver heights olols | About this Plol

Station details;  Stalion Number: 640160 Mame: Brisbane R al Savages Crossing#  Owner: SEQWCO:143808
Flood levels: Minor: 9,00 Moderate: 18,00 Major: 21.00

Data from the previous 4 days.
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Dala as Tabla | Previous Slation | Mext Station | Back to Brilglin

About this plot

1. The river helght data is the fatest available operational data provided for flood warning purposes and has nol been quality
conlrglled.

2. Stalions marked with * or # Indicate that the data is provided from aulomatic equipment.

5. Stations marked with * are Telephene Telemelry Devices and are nominally poiled onca a day and more often during
floods.

4, Stalions marked with # are ALERT Radio Telemelry and report every 3 hours and more often when the water level
changes.

6. Allfiver helght reports are in melres and are shown in local time.

6. Helghts or deplhs aboverbelow roads, bridges, dam spiiways and welrs are given as a guide only, For road openiclosed
information, see the RACQ website.

7. 'This product Includes data made available to the Bureau by other agericies. Soparale spproval may be required Lo use
the data for other purposes, Refer to Listing of Qeeraling Agencies for Station Ownership.

8. Whete dala is supplled from a Department of Environment and Resource Management {DERM) Monitoring Sile, please
foltow this link 1o get advice on dala use and copyright.

4. For olner Stallon detalls: Flood Classificalions, Road Crossings, SurveyiaHD Details, Maps

Homa § About Us | Conlacts | Careers | Search | Site Map | Halp | Feadback
Weather & Warmings | Cimate Information § Water information | Radar | RSS | Leam About Melecrclogy

© Copyrinh Commerwesith of Australia 2010, Bureau of Meteordlogy (ABH $2 837 533 532)
Pleasa note the Copyight Notice and Disglaimer stalements relating o the use of the informafion on his site gl ouf site Privacy and Accassibility statemants. Useis of thase web

s are deemad 1o hava read and accepied the conditions descibed in tha Copyright, Disclalmer, and Privacy stalamenis. Pleasa afso nole the Ackeow!edgement notics relating to
1o use of Information on 1his site. Mo unsoficited commercial email.
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‘River Height data for Lockyer Ck at Glenore Grove #
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Latest River Heights for Lockyer Ck at Glenore Grove #

tssued at 10:14 am EST Thursday 13 January 2011
About siver helghts plots | About this Plot

Station detalis:  Station Mumbor: 840149 Name: Lockyar CK at Glenore Grove #  Owner: CBWSEQWCO:143807

Ftood tovals:  Minor: 800 Moderate: 11.00 Major: 13.00
Data from the pravious 4 days.
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Data as Tablg | Previous Station | Next Station | Back to Bullatin

About this plot

(Generatedt (376172011 10114013

1. The river helght data is the latest avallable operational data provided for flood wamning purposes and has not been quality

controfled.
. Stations marked with * or # indicale that the data is provided from automatic equipment.

floods.

changes.
. All river helght reports are in metres and are shovm In local time.,

M b~ N

information, see the RAGQ website.

" Stalions marked wilh * ar¢ Telephone Telgmetry Devices and are nominally polled once a day and more oftan during

. Stations marked with # are ALERT Radio Telemetry and report every 3 hours and more often when the water level

. Helghts or depths abovelbelow roads, bridges, dam spiliways and welrs are given as a guide only. Forroad open/closed

7. This product includes data made available lo the Bureau by olher agencles. Separale approval may be required to use

the data for other purposes. Refer to Listing of Qperating Agencies for Station Qwmership,

D
8. Where dala Is supplled from a Department of Envirenment and Resource Management (DERM) Moniloring Site, please

follow Whis liak to get advice on dala use and copyright.
2. For other Station delails: Ficed Glassificalions, Road Crosaings, Survey/AHD Details, Maps

Homa | Aboul Us | Contacts | Careers | Seatch | Sile Map | Help | feedback
wWeather & Wamings | Climale Information | Waler Iformation | Radar | RSS ] Lear Abaul Meleorclogy

© Copyright Commanwealth of Australia 2010, Bureau of Meteorclogy (ABN 92 637 533 532)
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EXHIBITS

1. Three-dimensicnal map of the Brisbane and Bremer River Catchments

2. Sheet 4 of the Brisbane River Flood Plain Map
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