Memorandum

TO: Queensland Floods Commission of Inquiry
FROM: Mark Babister
DATE: 7 October 2011

SUBJECT: Response to Peer Reviews of WMAwater's Brisbane River 2011 Flood Event -
Flood Frequency Analysis (Sept 2011)
PROJECT NUMBER: 111024

1 This document addresses various comments and issues raised by the two independent reviews of
our Brisbane River 2011 Flood Event - Flood Frequency Analysis (WMAwater, September 18"
2011, Reference 9) report:

e Brisbane River 2011 Flood Event — Flood Frequency Analysis — Review of report by
WMAwater, Dr Rory Nathan, SKM, 28" September 2011

¢ Review of Brisbane River 2011 Flood Frequency Analysis — Dr Michael Leonard, Uni of
Adelaide, 26™ September 2011

Background

2 We thank both reviewers for their comments. We note that on most matters there is a commonality
in opinion between the reviewers. However there are differences. This document does not attempt
to address every minor issue raised by the reviewers, but instead addresses the main questions
raised by the reviewers and adds clarification where our original explanation was not adequately
understood. In preparing this response some discussion has been held with Dr Leonard.

3 Both reviewers have in broad terms endorsed the:
¢ methodology used to develop the high flow rating curve
e approach used in the flood frequency analysis, and
e pre dam Q100 estimate of 13,000 m*/s (noting the uncertainty about the estimate).

4 The main issues raised by the reviewers are:

e Dr Nathan (Reference 11) has rejected the approach used to convert pre dam flows to
post dam flows and hence the post dam flood levels.
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e Dr Nathan has presented some additional observed debris marks for the 2011 event
(Figure 3) that in some locations contradict the flood levels presented in the Joint Task
Force 2011 report.

e Dr Nathan has raised questions, based on the debris marks, about the design flood
profiles presented in our report.

¢ Dr Leonard (Reference 10) believes we have used implicit knowledge of the 2011 event
to determine the post dam estimate.

¢ Both reviewers recommend the use of Monte Carlo (stochastic) analysis.

Monte Carlo Analysis

5 Both reviewers noted that our report (Reference 9) did not recommend Monte Carlo (Stochastic)
Analysis to address the complex joint probability problem when determining flood levels under
current conditions (post dam). It is our firm view that a Monte Carlo (Stochastic) would be the most
appropriate method of addressing this problem as was recommended in our earlier report (May
2011, Reference 7) to the Commission and in The Commissions Interim Report. We did not reiterate
this major recommendation because it had already been covered.

6 We understand that Dr Leonard was not aware of the recommendations in our May report when
conducting his review but we find it curious that Dr Nathan who was well aware of this report and its
associated expert testimony chose to ignore this fact. The two key quotes from our May 2011 report
are set out below (we have used the term Stochastic instead of Monte Carlo).

“Substantial revision of the design hydrology methodology should be
considered, preferably including a stochastic framework that can reproduce
reasonable natural variability in the flood characteristics identified above,
through the use of a suite of plausible temporal and spatial rainfall patterns.”
WMAwater, May 2011, Paragraph 123 (Reference 7).

“The design modelling that was first developed in 1983 should be updated to
take full advantage of new techniques for design hydrology and improvements
in computing power. This should include an investigation of longer duration
floods and larger inflow volumes, preferably using an ensemble or stochastic
modelling process where a range of plausible temporal and spatial patterns
are considered for a full range of flood events...” WMAwater, May 2011,
Paragraph 173 (Reference 7).

7 ltis also part of the recommendations (2.10 to 2.13) of Queensland Floods Commission of Inquiry
Interim Report that a “Stochastic or Monte Carlo or Probabilistic Approach” be used.

Pre Dam to Post Dam Conversion
8 While we thought that Figures 2 — 5 (Reference 9) and the associated text, on the pre to post dam

relationship were largely self explanatory we accept the reviewer comment that more explanation
was required.
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9 The intent of these figures was to demonstrate the variability of pre dam to post dam flows and that
there is no fixed ratio as this will vary from one event to the next. It was for this reason that the
approximate zone of influence (solid orange line) was drawn around these values. The key aspect
of Figures 2 — 5 (Reference 9) is that they include the best estimates of 1893, 1974 and 2011
events, as well as a number of synthetic (design) events. An updated version of Figure 3 is attached
which includes a range of plausible adjustments for the impact of Somerset dam. It also shows the
most likely zone of influence based on the scatter of the data points.

10 Figure 2 mainly contains Seqwater (Reference 12) and DNR data, while nearly all the points on
Figures 3 - 5 were extracted from modelling work carried out by SKM (Reference 6). Even though
Figure 2 is derived from different data sets it has a very similar shape to Figures 3 - 5.

11 It is important to understand that for all actual historical flood events either the pre or post dam
value has to be estimated using complex modelling that adjusts for the presence or otherwise of the
dam. For example the 1893 flood would have been modelled for post dam impacts. For synthetic
events both pre and post dam flows are estimated using modelling. All of these events (historical or
synthetic) represent the impact of a hydrologic loading on the catchment with and without dams.
The historical events are important as while they do not represent the full complexity of the
individual historical events they do embody the core characteristics (temporal and spatial patterns)
and therefore are a good predictor of real catchments response. Of these the 2011 event is the
most important as there is no uncertainty on how the operating procedures would have been carried
out. The actual probability of the synthetic events are not that important in this application as they
are only considered as hydrologic loadings, it is however important that they have plausible
characteristics.

12 Using models it would be possible to add additional data points to these graphs. This would be best
done by using a range of design rainfalls with observed temporal patterns and appropriately scaled
spatial distributions. If the graph were sufficiently populated it could be used as part of a joint
probability exercise to determine post dam flows from pre dam flows. The variability seen on these
graphs represents the influence of many of the factors discussed by Dr Nathan in Paragraph 37
Reference 11. When the data points on these graphs are considered as hydrologic loadings there is
no “circular” argument as suggested by Dr Nathan (Reference 11, paragraph 19, 55).

13 The 3 historical events (1893, 1974 and 2011) on Figure 3 are described by Dr Nathan as a
“miserably small” dataset, they show a dam performance which is very different from the 2003
Review Panels 12 000 m?s pre dam to 6000 m%s post dam (Reference 5) and SKM (2003) 12 000
m°/s pre dam to 6500 m%s post dam and all 3 events are larger than 6500 m*/s. This raises serious
concerns about the 2003 pre to post dam conversion as not one historical event supports it and it is
hard to accept all 3 events are outliers.

14 While we still recommend a full Monte Carlo approach the advantage of this approach would be it
doesn’t need to make assumptions about the probability of design rainfall or design losses and can
be used as a check.

15 Dr Leonard (Reference 10) has suggested that we have used implicit knowledge of the 2011 event
to estimate post dam Q100 flow. While we were clearly aware of the dams impact on the 2011
event we believe that the estimate is valid without being aware of this event and makes best use of
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the behaviour of large events that were known prior to 2011 (orange dashed line (estimation line) on
Figure 3).

Comments of the SKM 2003 Models and Estimates

16 Dr Nathan (Reference 11) suggests that the SKM (2003) study (Reference 6) is the best available
information and that “the findings of the study were independently reviewed and endorsed by an
independent panel.” The flood frequency analysis conducted by SKM at Savages Crossing
represents best practice. The following commentary raises a number of issues have been
documented by others in relation to the data and models used by SKM.

Rainfall

17 One of the concerns of the 2003 Review Panel (Reference 5) was a major misclosure between the
Flood Frequency Analysis and the design rainfall method. The implications of this were that the
modelling may have substantially underestimated the volume. Sargent (2006a, Reference 13) found
a number of issues with the SKM (2003) work when conducting an analysis for Ipswich. Sargent
(2006a, Reference 13) found that the CRC FORGE rainfall had been incorrectly input into the
RAFTS model for the 24, 30, 36 and 48hr durations.

18 Sargent notes that of the SKM study that:
“... the effective rainfalls on the sub areas (i.e. input rainfall minus losses)
were consistently lower than those applied in the current study. It was also
confirmed that the applied losses were identical, so it was concluded that the
input rainfalls were less than those provided in the CRC-FORGE
spreadsheet.” Sargent 2006a Section 5.1 , Page 11, para 2 (Reference 13)

19 Once Sargent corrected the rainfalls the misclosure between the FFA and the design rainfall
method was removed (refer to Table 1). The corrected pre dam RAFTS estimate is within 3% of the
WMAwater estimate of 13 000 m%s (Reference 9).
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Table 1: Comparison of RAFTS Model Peak Flow Estimates (Reproduced from: Sargent,
2006a, Reference 13). Note Current Study refers to Sargent 2006a.

Location Peak Flows (m®/s) for Storm Durations of
24Hrs [30Hrs | 36 Hrs | 48 Hrs | 72 Hrs

a) Values from SKM
(2003) Table 4-2

Savages Crossing 8,387 9,607 8,379 8,626 9,192
Moggill 7,607 9,015 7,588 8,004 10,101
Brisbane Port 7,608 9,015 7,589 8,005 10,106
Office
b) Current Study
Savages Crossing 9,700 13,140 11,400 9,700 9,100
Moggill 8,600 12,600 11,800 10,000 10,200
Brisbane Port 8,600 12,600 11,800 10,000 10,200
Office

Difference between
b) and a) %

Savages Crossing +16% +37% +36% +12% +9%
Moggill +13% +40% +56% +25% +1%
Brisbane Port +13% +40% +56% +25% +1%
Office

NOTE: Critical duration values shown in bold type

RAFTS Modelling

20 Further, Sargent (2006a, Reference 13) also found the SKM (2003) RAFTS model has been set up
in a very unorthodox way. Typically for a large rural catchment flow is routed through the each
subcatchment or river reach. However, an approach often used for an urban situation has been
used, where flow in each reach has been simply lagged without attenuation. Most of the attenuation
takes place in a small number of large conceptual storages including the:

e Confluence of the Brisbane River and the Bremer River, and
e Confluence of the Brisbane River and Lockyer Creek.

21 Given these two large conceptual storages are just above two major calibration points, Moggill and
Savages Crossing, there is serious concern that these storages are the only locations where the
model estimates are reliable. Sargent (2006a, Reference 13) also found that these conceptual
storages produced very different routing behaviour for different storm durations.

Hydraulic Model
22 KBR (2002, Reference 14) found that the use of the resistance radius method in the Mike 11 model
developed by SKM was having major effects on the models behaviour for events that were not a
similar order of magnitude to the calibration event. KBR (2002, Reference 14) recommended
switching to the total area hydraulic radius procedure.
“In general, the conveyance value calculated in the previous study has been
overestimated using the Resistance Radius procedure. The adoption of the
new procedure for calculating hydraulic radius has increased water levels in
some locations despite the significant reductions in Manning’s n roughness”.
KBR, 2002, page 2 (Reference 14)
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23 This finding regarding resistance radius is similar to the findings of the WMAwater 2011 Hydraulic
Modelling Report (Reference 8) which also identified issues with the use of the resistance radius
method in this catchment.

Observed peak flood level data for the January 2011 flood event

24 At the time of issuing WMAwater's Flood Frequency Analysis report (Reference 9), the only
datasets available that contained information on peak flood levels for the January 2011 floods were
the peak flood level marks indicated in Table 3 of the Joint Task Force March 2011 report
(Reference 15) and stream gauge station observations along the Brisbane River.

25 In his response Dr Nathan (Reference 11, Figure 3) refers to observed data points for the 2011
event collected by Brisbane City Council that are different to those listed in the Joint Task Force
March 2011 Report. The Joint Task Force (2011, Reference 15) did note that the observed levels
contained within the report were draft and subject to verification.

26 The data points used by Dr Nathan were not made available to WMAwater and no source is
included in Dr Nathan's review. As a result further assessment was not possible as the data points
have not been tabulated. However, if these data points prove to be more reliable than the Joint Task
Force March 2011 levels then these data points would suggest that the calibration of the Mike 11
model was not as poor as originally thought. Figure 3 would suggest that within 10km up and
downstream of Jindalee the Mike 11 model fits the observed data reasonably well. There are still
some issues with the calibration between Oxley Creek and the Port Office.

Clarification of method used to derive flood profiles

27 Dr Leonard (Reference 10) has wrongly interpreted that WMAwater calibrated the Mike 11 model to
fit the 2011 Joint Taskforce data (Reference 15) and used this revised model to determine the 1%
AEP levels.

28 WMAwater did not use the Mike 11 model to determine the 1% AEP levels because it was not
practical to recalibrate the model in the time available. An alternative approach was undertaken by
WMAwater to obtain a reasonable estimate of the Q100 levels along the Brisbane River (from
Moggill to Brisbane Port Office). The basis of this approach was to utilise the observed peak flood
level marks along Brisbane River (Reference 15), to derive the January 2011 peak flood profile. The
Mike 11 model was used to estimate how far flood levels for design flows of 9500 m*/s and 9000
m®/s were below the January 2011 flood of approximately 9850 m¥s.. Because the Joint Task Force
flood levels were a fair distance apart a straight linear interpolation between the points was not
considered appropriate. The shape of the flood profile between the observed flood levels was
guided by the shape of the Mike 11 profile for the 2011 event.

29 While it would be better to recalibrate the model this approach is can be readily applied to the new
dataset reported by Dr Nathan or any subsequent dataset. The flood levels for post dam design
flows of 9500 and 9000 m®/s can be presented relative to the 2011 observed flood levels. Table 2
shows the height of the revised Q100 lines relative to the 2011 flood levels. The values in the table
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can be easily interpolated to determine design levels at any location where there is a reliable
measurement of the 2011 level.

Table 2: Height of the Q100 below the 2011 flood level

Height of the WMA Q100 (9500 m®/s) | Height of the WMA Q100 (9000 m®/s)
Location below the 2011 level below the 2011 level
(mm) (mm)

13 Bridge St., Redbank (off-bank) 400 980

Cnr. Ryan St. and Woogaroo St., Goodna 410 980

Cnr. Moggill Rd. and Birkin Rd., Bellbowrie

(off-bank) 410 960

Cnr. Thiesfield St. and Sandringham PI., Fig 360 800

Tree Pocket

312 Long St. East, Graceville 340 730
Brisbane Markets, Rocklea 330 710
Softstone St., Tennyson (Tennyson Reach

Apartments) 0 7y

15 Cansdale St., Yeronga (off-bank) 270 610

42 Ferry Rd., West End 200 490

81 Baroona Rd., Paddington (off-bank) 180 460
Brisbane City Gauge 140 390

Flood Frequency Analysis - Data

30

31

32

33

While both reviewers have endorsed the pre dam flood frequency estimate as reasonable, the
following issues raised by the reviewers are addressed.

Dr Nathan (Reference 11 Paragraph 33) writes that “It is not clear why WMAwater did not critically
review the extensive flood frequency analysis undertaken by SKM (2003).”. The main reason was
that it was not undertaken at the Port office and could not be considered an “at site analysis” as
Savage’s Crossing, is considerable distance upstream (in the order of 100km) of the Port Office
Gauge. While flood frequency estimates at Savages Crossing can be translated downstream it is
necessary to assume that the attenuation over this long reach is exactly balanced by the Bremer
inflows. For this reason the SKM (2003) (Reference 6) estimate was not included in the list of
similar estimates in Paragraph 131 (Reference 9). It should be noted that the two estimates
referenced were within approximately 5-6% of our estimate which is very different to the 30%
bounds discussed by Dr Nathan.

Dr Nathan also questions why the 1999 December City Design (Reference 4) Q100 estimate was
not included in the list of similar estimates. The Q100 pre dam in the version of the City Design
December 1999 report provided to WMAwater contains no text regarding how this estimate (which
is contained in a figure in the partial Appendix A provided) was derived.

Footnote 2 of Dr Nathan’s review (Reference 11) suggests the flood level data used in Appendix B
of our report was incorrectly attributed to SKM and should be City Design June 1999. WMAwater
have been provided with 2 separate versions of the June 1999 Brisbane River Flood Study, neither
of which are complete and one of which has an SKM logo on the front cover. Dr Nathan will no
doubt understand the confusion with so many versions of reports floating around as he has himself
mistakenly referenced the December 1999 City Design Report as the June 1999 report (Table 1,
Reference 11).

WMAwater
111024Memorandum_111003 :7 October 2011 7




34 Dr Nathan raised several questions about the assumptions behind some of the data used in the
flood frequency analysis.

35 Two inconsistent flow values are given in Table 1 of City Design June 1999 (Reference 3) for the
1931 flood event: 7000 m*/s and 6245 m®s. The table suggests that the removal of the dams
reduce the flow. This makes no sense as even Somerset dam wasn't in place in 1931 and its
removal would make flows go up. The flow value of 7000 m*/s was used as it was more compatible
with the other data.

36 The 1974 pre dam flow of was based on a consideration of estimates with Somerset dam
(described in Paragraph 101 of Reference 9). These estimates range from 9800 to 10 900 m¥s.
Greater emphasis was put on the upper end of the range which is more consistent with the adopted
rating curve. City Design (June 1999, Reference 3) suggests at the Port Office the adjustment to pre
Somserset dam is 490m®/s. While other sources suggest this adjustment may be higher. A pre dam
estimate of 11 300 m%s was adopted.

37 The 2011 pre dam estimate was developed using the SKM pre dams 2011 flood level of 6.4mAHD
(Reference 16, Table 7-2 Case 5) and the adopted rating curve.
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14 October 2011
Ref: J1985L 3

Clayton Utz
Brisbane

gy email: [
Dear M

QUEENSLAND FLOODS COMMISSION OF INQUIRY
REVIEW OF ASPECTS OF THE REPORT OF WMAWATER (SEPT 2011)

Following your recent telephone instructions | have prepared a review of aspects of the
September 2011 report of WMAwater entitled "Brisbane River 2011 Flood Event — Flood
Frequency Analysis". My advice is set out below. This review has been prepared under
significant time constraints and has been limited to the matters listed below in bold type
face.

What enquiries and investigations might affect any determination of the 1% AEP
flood level following the January 2011 flood event?

1. This question must be answered in the context of information that is already
available and the use to which the determination of the new flood levels will be put.
Models are only approximations of real behaviour and it is always possible to
improve model accuracy through additional effort but the law of diminishing returns
applies.

2.  For example, in the context of other parts of Queensland where no flood data exists,
the sort of approach espoused in the temporary planning policy using the interim
floodplain assessment overlay might be appropriate. (However such interim
overlays would not be appropriate for Brisbane).

3.  Given the (large — by Australian standards) number of flood studies that have
already been undertaken and given the interim DFL that Council has implemented,
the enquiries and investigations to be undertaken would, in my opinion, be similar to
the new flood study that has been proposed, i.e. a full scale review of both flood
frequency and rainfall-runoff approaches, in the light of the new information from the
2011 event.

4. In general terms, WMAwater have:

(@) Step 1 - used a flood frequency approach to estimate pre-dam flow
frequencies;

(b) Step 2 - converted this to a post-dams flow regime using a mixture of past (i.e.
2003) and new (i.e. 2011) information; and

(c) Step 3 - applied these flows to calculate flood levels using a hydraulic model
(that has been improved using 2011 data).

5. 1 do not find Step 1 of much benefit. This uses a procedure previously applied by
others (e.g. BCC, June 1999) which has also been rejected by others because of
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uncertainties in the available data. @WMAwater have not addressed these
uncertainties (or undertaken sensitivity tests to examine the potential impacts of
these uncertainties). | have provided further notes on these uncertainties in the
Attachment.

6. In relation to Step 2, WMAwater have brought information to light which
demonstrates that longer floods with bigger volumes get attenuated less by the
dams. This is not in itself remarkable. There are also other factors affecting the
attenuation (e.g. spatial and temporal distributions) and the 2011 event has and will
continue to provide very valuable information to improve our understanding of
hydrology and flood behaviour in the catchment during major flood events.

7. In relation to Step 3, the 2011 flood has allowed better calibration of the MIKE11
model and allowed flood level predictions to be made more accurately over more
areas of the floodplain (once the design flows were determined).

8.  Because of improvements in Step 2 discussed above, WMAwater indicates the 1%
AEP flood levels will be higher. | believe that this will be the likely outcome of the
proposed new flood study (although at different levels from those determined by
WMAwater). However | do not believe there is much benefit in publishing new
estimates of flood levels from the WMAwater report at this time because:

(a) the flood levels have uncertainties associated with them and the work has not
been done to minimise these (e.g. allowing for tides, a more rigorous
assessment of river bed/bank changes);

(b) the proposed new flood study will produce new flood levels which will be
different from the WMAwater flood levels; and

(c) Brisbane City Council has already adopted an interim DFL that is equal to or
higher than the 2011 flood level. WMAwater's new 1% AEP flood levels are
lower than the interim DFL.

What factors affect the reliability of converting historically recorded levels into
flows and whether or not the WMAwater report has had regard, or sufficient regard,
to those factors?

9.  These factors are:
(a) uncertainties in the original measurements;
(b) uncertainties in adjustments made for dredging and other river bed/bank
changes;
(c) uncertainties in discharge estimates due to tidal influences; and
(d) uncertainties in discharge estimates due to the rating curve.

10. These factors are discussed in the attachment. In summary, based on the
information | have been able to look at so far in the time available to me, it is
appears:

(a) there are significant uncertainties associated with the preparation of the
discharge estimates prepared by WMAwater for use in their flood frequency
analysis;

(b) these uncertainties directly impact on the estimate of the 1% AEP discharge
which WMAwater have derived;

(c) many of these uncertainties are acknowledged by WMAwater. It would appear
that they have had insufficient time available to address these uncertainties;
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(d) it would have been good practice to test the sensitivity of the 1% AEP
discharge estimate to potential changes in the discharges used to prepare the
flood frequency analysis. This has not been done;

(e) the 90% confidence limits for the derived 1% AEP discharge are already
moderate (i.e. 10,000m*/s to 22,000m®s). These limits however assume no
inaccuracies in the historical discharges. Therefore the true confidence limits
will be somewhat larger than those quoted; and

() many of the difficulties with carrying out flood frequency analyses at the Port
Office gauge have been recognised by previous studies which is why these
studies have carried out their analyses further upstream beyond the influence
of tides and dredging.

Review the appropriateness of Figure 3 (page 15, WMAwater report) and the use to
which it has been put within the report.

11. Figure 3 contains a "pre to post dam estimation line" prepared by WMAwater. A
copy of Figure 3 has been reproduced below.

Reproduced from WMAwater (Sept 2011)

12. This estimation line was used by WMAwater to convert their pre-dams 1% AEP
discharge estimate of 13,000m®s to a post-dams discharge of 9,000m?%s (without
the influence of the 2011 event). It was also used (together with 2011 flood data) to
estimate the post-dams discharge of 9,500m%/s (assuming knowledge of the 2011
flood). It is therefore a vital component of WMAwater's process for the
determination of 1% AEP flows at the Port Office gauge.

13. The procedure used by WMAwater to prepare this line has not been explained in
their report. The line appears to be either:
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(a) aline representing a 32% reduction in pre-dam flows; and/or
(o) a line drawn between data for the 1893 flood and the highest two
"1% Historical Spatial' data points.

14. The "pre to post dam estimation line" assumes a linear relationship between pre-
and post-dams discharges. There will be a reduction in the amount of attenuation
as the magnitude of flood discharges and volumes increases during major floods so
a curve rather than a line is appropriate.

15. Some of "1% Historical Spatial' data on Figure 3 do not appear to be plotted in the
correct position. The data likely originates from the "critical flows" presented in
Appendix H of SKM (2003) for the seven historical spatial patterns considered by
SKM. For some of the seven patterns however the data plotted are for different
storm durations. Thus the pre-dam and post-dam discharges do not correspond to
the same catchment event.

16. The "Historical 1974" data point included on the figure includes for the effects of
Somerset Dam in the pre-dams discharge. WMAwater appear to be aware of this
but it is unclear why it was included on the figure without first making an adjustment
to remove the effects of Somerset Dam.

17.  The probability of the "1% FORGE Spatial' data is known however the probability of
the "1% Historical Spatial' data is not known. A difficulty arises in using such a
diagram in the manner that WMAwater have used it because for a given pre-dam
discharge, all of the data points do not have the same probability of occurrence.

18. There is considerable scatter in the data points on Figure 3. Floods come in all
shapes and sizes. If all of them were plotted the scatter would likely be much wider
than that shown. Floods that have more volume for a given pre-dam discharge will
likely plot higher on the figure than those with a lower volume for the same
discharge as these are subject to less attenuation by the dams. A range of
attenuations is possible.

19. A key question is what attenuation amount from the range of possible attenuation
amounts, should be used to attenuate the 1% AEP pre-dam discharge determined
by WMAwater from their flood frequency analysis? This issue has not been
explored by WMAwater.

20. In conclusion, assuming the pre-dam discharge has a probability of 1%, the post-
dam discharge determined using the "pre to post dam estimation line" will likely
have some bias away from a 1% AEP event.

21. WMAwater have no doubt been under significant time pressures in responding to
the questions asked of them by the Commission. They have quickly and rather
pragmatically produced an estimate of the 1% AEP post-dams discharge at the Port
Office gauge which in my opinion, still contains significant uncertainties.

Yours sincerely

Drew Bewsher
Director
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ATTACHMENT TO LETTER OF 14 OCTOBER 2011

Uncertainty in 'Measurements' of Flood Heights at the Port Office Gauge before
1875

22. The Port Office gauge was likely installed between 1875 and 1878'. Consequently
records prior to 1875 must have been inferred®. This process must increase the
uncertainty associated with these original 'measurements’'.

23. WMAwater's flood frequency analysis makes use of 30 flood peaks®. Leaving aside
1893, 1974 and 2011, the two next biggest floods occurred in the period before
1875 where there was no formal tide gauge at the Port Office. These floods were
1841 and 1844.

24. The Brisbane Flood Notice Board* which was operational in 1911 as a flood warning
system used information from historical floods and contained a diagram which
"includes all the floods about which accurate information is available". No floods
before 1893 are shown.

25. WMAwater have omitted the flood of 1845° without explanation. This may be a
typographical error or it may have been intentional if they considered the flood data
unreliable. It also occurred in the period before formal gauges were installed.

26. WNMAwater ranks the 1841 flood as the next biggest flood after 1893 (and bigger
than 2011). In relation to the 1841 flood, the Bureau of Meteorology have reported
"its exact height is uncertain"®

1 - . ) .
The Maritime Safety Queensland website at http:/www.msq.gld.gov.au/Tides/Sea-level-measurement-in-

Queensland.aspx records that "The Engineer-in-Chief of the Harbours and Rivers Department from 1875 to 1889, William
Nisbet, established permanent tide gauges in the Brisbane River for river works and dredging projects". Further "by 1878,
six gauges were installed between Brisbane and Lytton".

2 In the time available to me | have not found any records of the original measurements themselves or the method used to
infer the flood height peak at the Port Office gauge site (except for the reference to the 1841 flood quoted by WMAwater at
their Paragraph 40).

8 There is a general lack of detail in WMAwater's report (which is no doubt due to the limited time they had available for its
preparation). It is not always obvious what data sources they have used. WMAwater do not list all the floods they used.
Only the largest floods are reproduced in their Table 7. Therefore it's difficult to be confident about exactly which floods they
used. Nevertheless their Table 6 shows they used 30 floods (or 31 if 2011 was included). As Table 1 of BCC (June 1999)
also used 30 floods, | have assumed WMAwater used the same ones as in BCC's flood frequency analysis.

http://www.bom.gov.au/hydro/flood/qgld/fld history/brisbane notice board.shtml This BoM article contains an extract from
G.G. Bond, Divisional Officer, Brisbane, 24th January, 1911 which states "This was a notice board for giving information to
the general public of the rise and fall of flood waters at the various flood warning stations on the Brisbane River and
tributaries has been erected under the clock tower of the General Post Office at the main Queen-street entrance by courtesy
of the Deputy Postmaster-General".

Note also that WMAwater has not included 1845 in their list of big floods (refer their Table 8). BCC (June 1999) gave it an
unadjusted height of 6.5mAHD making it a 'Rank 6' flood.

Brisbane Floods, January 1974. BoM, 1974. http://www.bom.gov.au/hydro/flood/qld/fld reports/brisbane jan1974.pdf.
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Uncertainty in Adjustments Made for Dredging and Other River Bed/Bank Changes

27. In relation to these adjustments, WMAwater have followed the approach used in
BCC (June 1999), i.e.

(a) between 1864 and 1917 subtract 1.52m (i.e. 5ft) from the measurements to
account for dredging over this period; and

(b) prior to 1864 subtract 1.92m for the above dredging and the removal of the
entrance bar.

28. | have a number of difficulties associated with this approach:

(a) changes in the river bed and banks between 1841 and 2011 have been
numerous and significant’. There have been many more changes than the two
'step' changes in 1864 and 1917 assumed by WMAwater;

(b) even when considering the river conditions during the 1841 floods, Henderson,
in his address to Parliament in 1896 stated "it should not be forgotten that the
river conditions were then very different from what they are now'. Changes
since 1896 to today would also likely have been significant;

(c) further with the relocation of the port to Fisherman Islands in the mid to late
1970s there will have been a reduction in maintenance dredging upstream (i.e.
from the new port to the City) and likely aggradation of the river bed since that
time;

(d) the height adjustments assumed by BCC and used by WMAwater are tenuous
and based on very old information of doubtful accuracy (my opinion)®. The
adjustments would also likely vary with flood magnitude. More rigorous
hydraulic modelling using different river bed/bank conditions should be
undertaken to identify the adjustment to be made to every recorded river height
in order to provide a homogenous data set from which to prepare a more
rigorous flood frequency analysis;’

(e) the results of this analysis could produce discharge estimates somewhat
different from that currently used. For example by reference to WMAwater's
Figure 8, a 1.0m change in height would produce discharge changes of from
1,500 m*¥s to 2,500m%s over the range of interest (i.e. stage heights ranging
from 8mAHD to 2mAHD). These are significant discharge changes which
could noticeably alter the flood frequency results and the prediction of the 1%
AEP discharge.

’ The following document provides a more complete description of the river changes particularly over the 20" Century
(which is missing from the references quoted by WMAwater):
http://www.marine.uqg.edu.au/marbot/publications/CRC%20co0astal%202003 HC%20report/Ch%209%20Appendices.pdf

% | note that WMAwater at their Paragraph 100 says that they tested dredging in SKM's MIKE11 model and found that the
1.52m adjustment was 'probably appropriate’. No details however are provided so it is impossible to test this. In particular it
is not known what depth and width of dredging was assumed and over what sections of the river.

° This is supposedly what WMAwater have recommended at the end of their Paragraph 2. It is noted that river bed cross
sections are available from a survey undertaken in 1873. There are also numerous and detailed records of the dredging
works undertaken over more than a century. A comprehensive assessment of these records needs to be undertaken
(together with review of other river bed surveys) and revised hydraulic models describing the river at various time periods.
A more complete series of height adjustments could then be prepared to allow the historical records at the Port Office gauge
to be related in 2011 river conditions. This would also need to allow for tide adjustments.
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Uncertainty in Discharge Estimates due to Tidal Influences

29. Figure 2 of Cossins (1978) plots the recorded stage hydrograph at Port Office during
the 1974 flood. This figure has been reproduced below and demonstrates how tides
can influence the Port Office flood heights and how these effects are dampened as
the flood height rises.

Reproduced from
Cossins (1992)

30. For example, when the flood height is say 1.5mAHD, at least £0.5m or more could
be due to normal tidal activity. Bigger ranges would likely occur if storm surges
were present (as these often accompany floods) or spring tides. This tidal influence
diminishes as the flood height rises but even at a flood level of 4mAHD, some tidal
influence can be exerted.

31. The flood series used by WMAwater disregarded flows lower than 2,000m%s.™
From the 'derived rating' curve in their Figure 8, this flow corresponds to a level of
1.4mAHD. Very considerable tidal influences would likely be present at this level.

32. ltis likely that about two thirds of the 30 floods used in their flood frequency analysis
had peak heights less than 3mAHD at the Port Office gauge. The calculation of
these flows based on the derived rating will therefore be sensitive or very sensitive
to the influence of tides.

33. Arigorous analysis would see each of these events analysed to remove the effect of
tides."" (This approach has been suggested in previous studies).

10 WMAwater's Table 10
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Uncertainty in Discharge Estimates due to Rating Curve

34. This section addresses uncertainties in the conversion of flood height to discharge
other than those due to measurement accuracy, dredging and tides which have
been discussed above.

35. The adjustments for river bed/bank changes discussed above were made to ensure
the rating curve remained stationary over the period of the flood frequency analysis.
The rating curve shown in WMAwater's Figure 8 demonstrates how flood height and
discharge are related at the Port Office under current conditions.

36. There are six data items included in WMAwater's Figure 8 which are discussed
below. (The first two are listed under ltem a):

(@) SKM (June 1998) and SKM (June 1998) — these appear to be based on
recorded levels from historical floods with flows estimated from the MIKE11
models used in those studies - but | can't be sure;

(b) SKM (2011) — appears to be obtained directly from the MIKE11 model noting
that this model was calibrated to the 2011 flood records;

(c) 1893 Event — the orange box on Figure 8 is based on flood heights ranging
from 8.35mAHD to 6.83mAHD.'”? The discharge range is 11,300m%s to
16,900m%s."® As discussed in the footnotes, the most likely estimate of the
1893 event is 6.83mAHD and 11,600m*s — so the orange box should be
centred on this point (which approximates the lower left hand corner of the
existing box).

(d) 1974 Event — 5.45mAHD was the recorded height for this event. WMAwater
states that previously the discharge was thought to be 9,800m?%s but this has
been revised upwards to 10,900m%/s based on information learnt during the
2011 event.

(e) 2011 Event —due to time limitations | have not had time to check these values.

37. By a review of the comments made in the previous paragraph, it would appear that
the 2011 event has resulted in a shift of the upper section of the rating curve to the
right, i.e. in the absence of the 2011 information, and based only on information
from the floods of 1893 and 1974, and the previous SKM ratings, the upper part of
the rating curve would have been further to the left. This 'shift' could be real (i.e.
due to a better understanding of high flow behaviour obtained from the 2011 event
and the better models), or, it could be due to other factors e.g. changes in the

1 Note that whilst the bigger floods will be influenced little by tides, the impacts on the smaller floods can still influence the
shape of the ultimate flood frequency curve and the prediction of the 1% AEP discharge, and the confidence limits
surrounding it.

12 8.35 is the recorded flood height. 6.83=8.35-1.52 (i.e. includes the adjustment for dredging). There is an inconsistency
here. The centre of the box has a flood height of 7.59mAHD. This is not the height of 6.83mAHD which WMAwater has
used in their Table 8.

13 These discharges are derived from Table 10.2 of Appendix A10 of BCC (June 1999) — and are also discussed from
Page 7 onwards of BCC (Dec 1999). The analysis in this later document suggests the best estimate of the 1893 flood is
11,600m%/s which is close to the lower bound of the discharge range in the orange box. Again an inconsistency exists.
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bed/banks, channel roughness, etc that haven't been adequately
explained/understood to date. It may also be a combination of both these causes.

38. Whatever the reason, to use the 'derived rating' on Figure 8 to estimate all the
historical discharges (i.e. for use in the flood frequency analysis) does not seem
appropriate and must introduce further uncertainties into the analysis which is
subsequently presented by WMAwater in their Section 7."

39. A likely consequence will be that the discharges used in the flood frequency
analysis are over estimated, including the discharge estimate of the resultant 1%
AEP event.

" This might best be seen by examining the discharges listed in WMAwater's Table 7. These discharges have been
obtained from the 'derived rating' on Figure 8. For example the 1893 discharge is higher than 11,600m%s, and the 1974
discharge is higher than both 9,800m%s and 10,900m%s [refer Paragraph 36(c) and 36(d) above].
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Report For: Clayton Utz
Re: Provision of expert advice in relation to a report provided by WMAwater

1. INTRODUCTION

Clayton Utz, advising Brisbane City Council with reference to the Queensland Floods
Commission of Enquiry (The Commission), asked UniQuest Pty Ltd to engage Professor Apelt
to provide expert advice in relation to a report prepared by WMAwater for The Commission
with the title, ,BRISBANE RIVER 2011 FLOOD EVENT — FLOOD FREQUENCY ANALYSIS
FINAL REPORT SEPTEMBER 2011’

As part of this advice, Clayton Utz requested that Professor Apelt prepare a list of the
enquiries and investigations that, in his view, ought to be completed prior to any determination

of the Q100 flood line following the January 2011 event.

This report consists of three main parts:

o The material of the first part, Section 2, provides the response by Professor Apelt to the
request for a list of the enquiries and investigations that, in his view, ought to be completed
prior to any determination of the Q100 flood line following the January 2011 event.

e The second part, Section 3, provides a summary of the methodology used in the
WMAwater report for arriving at the estimate of 1% AEP flood flow and levels together with
discussion of this methodology.

¢ |n the third part, Section 4, some particular parts of the WMAwater report are discussed in

more detail.
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Report For: Clayton Utz
Re: Provision of expert advice in relation to a report provided by WMAwater

2. REVIEW RESPONSE - PART 1; DETERMINATION OF THE Q100 FLOOD LINE

The following material has been prepared in response to the request by Clayton Utz for
Professor Apelt to prepare a list of the enquiries and investigations that, in his view, ought to
be completed prior to any determination of the Q100 flood line following the January 2011
event. This work has been carried out in a limited time frame and without the opportunity for
discussion with colleagues. Consequently, it is not guaranteed to be a final or complete list

and it must not be taken as the detailed specification of work to be done.

21 Data required

All the data from the January 2011 flood event for the whole of the Brisbane River system
catchment must be gathered, checked and assessed for accuracy: — rainfall; all flood levels,
not just peak levels; all flood flows, not just peak flows; Moreton Bay tidal data; catchment
conditions prior to the event. This will require all sources to share freely the data they have so
that an archive can be created of all data including information about accuracy and plausible

bounds. This archive must be accessible to all, without restriction.

An accurate digital terrain model must be generated for all areas likely to be flooded in

extreme flood events. This will require

(i) Topographic survey of areas above dry weather water level

(ii) Bathymetric (stream bed and banks below water level) survey for the whole of the Brisbane
River from the “mouth”, including the parts of Moreton Bay that can influence river heights

during extreme flood events, up to Wivenhoe Dam and for the major tributaries.

Sediment characteristics must be measured for the same extent of the system for which the

bathymetric survey data is required.

2.2 Analyses required - Generation of the best possible homogeneous data set for

Flood Frequency Analysis (FFA) for pre-dams conditions

The generation of the best possible homogeneous data set for Flood Frequency Analysis

(FFA) for pre-dams conditions requires the assessment of:

(i) how changes to the Brisbane River, especially those downstream from the Port Office
Gauge, have affected flood levels;

(i) the peak flow of each flood.
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Report For: Clayton Utz
Re: Provision of expert advice in relation to a report provided by WMAwater

¢ A much more detailed analysis will be required than those that have been done to date.

e It will be necessary to develop appropriate hydrodynamic models of the Brisbane River
to simulate the conditions that existed at the times of historic floods and to use them in
conjunction with appropriate hydrologic models to produce estimates of flood flows
consistent with the recorded / reported rainfalls and flood levels for each event.

¢ The models should then be used to produce estimates of the flood levels for the River
system in its present state but excluding the Wivenhoe and Somerset Dams.

o Because the data available is limited in detail and accuracy it will be necessary to
generate ,best estimates’ and ,plausible bounds’ for each historic flood event.

e The estimates of flood flows produced by this process can then be used for FFA.

e The FFA should be done with the ,best estimates’ and repeated using the two sets of
Jplausible upper bounds’ and ,plausible lower bounds’.

e The estimates of flood levels for the River system in its present state should be used to
produce or extend rating curves for key locations.

e The rating curves should show the curve corresponding to the ,best estimate’ and also

the ,plausible upper bound’ and ,plausible lower bound’.

2.3  Analyses required - Generation of estimates for post-dams conditions

The effects of morphological (river bed level and cross section) changes due to sediment
erosion and deposition during flood events must be studied for a range of flood magnitudes to

determine what effects they can have on flood levels.

The model for simulating the expected operation and effects of Wivenhoe and Somerset Dams

on flood flows, and associated data, should be independently peer reviewed.

The design hydrology must be determined for a range of Annual Exceedance Probabilities

(AEPs), not just for 1% AEP. A Monte Carlo or similar type analysis will be required.

This analysis must take into account the observed variability:

(i) in temporal and spatial patterns of rainfall and the associated variability in relative timings
of inflows from the dams and downstream tributaries;

(ii) in the correlations between event occurrences;

(iii) in losses; and

(iv) in reservoir drawdown.
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Report For: Clayton Utz
Re: Provision of expert advice in relation to a report provided by WMAwater

An appropriate hydrodynamic model must be used to estimate the flood levels along the
Brisbane River for the flood events that have been determined for the range of AEPs. When
this is being done the effects of tidal variation on flood levels in the estuarine zone must be
taken into account. This will require a Monte Carlo type analysis to examine the joint
probabilities of flow rates and sea levels in Moreton Bay caused by tidal action and storm

surge.

2.4 Comment

Section 2.3 calls for analysis of a range of AEPs, not just of the1% AEP. It is acknowledged

that the full set is not required for ,determination of the Q100 flood line’.

Nevertheless it is essential for a complete Flood Risk Management analysis for the area of
Brisbane and for the whole of the Brisbane River system affected by flooding from the

Brisbane River and its tributaries to be carried out.

It is essential to move from the “Q100 mentality” and to adopt a risk management approach in
line with National Flood Risk Advisory Group (NFRAG) and other relevant guidelines. The risk
management approach will require a detailed assessment of the benefits and costs of a full
range of flood mitigation options for the full range of Annual Exceedance Probability flood

events.

It will be most efficient for the full set of analyses to be done at the same time, rather than in a

Jpiecemeal’ approach.
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Report For: Clayton Utz
Re: Provision of expert advice in relation to a report provided by WMAwater

3. REVIEW RESPONSE - PART 2; METHODOLOGY USED IN WMAwater REPORT
FOR ARRIVING AT THE ESTIMATE OF 1% AEP FLOOD FLOW AND LEVELS

This part of the report provides a summary of the methodology used in the WMAwater report
BRISBANE RIVER 2011 FLOOD EVENT - FLOOD FREQUENCY ANALYSIS FINAL
REPORT SEPTEMBER 2011’ for arriving at the estimate of 1% AEP flood flow and levels

together with discussion of this methodology.

Comments by Professor Apelt on some aspects of the report are presented below. Where
References are cited the number of the Reference is that used in the WMAwater report named
above. Unless stated otherwise, Figure numbers, etc are those from that report. Wherever

anything in what follows is attributed to “the author”, this refers to Professor Apelt.

3.1 Summary of methodology used in report for arriving at the estimate of 1% AEP

flood flow and levels

e Arating curve is developed at the Port Office/City Gauge (see Note a).

e A Flood Frequency Analysis is done for the Port Office/City Gauge for the No Dams case
to give an estimate of 13000m?/s for the 1% AEP flood at the Port Office/City Gauge for
the No Dams case (see Note b).

e A plot of peak flows at the Port Office/City Gauge versus peak flows for the No Dams case
is constructed, Figure 3 (see Note c).

e The felationship’ in this plot is used directly to derive the estimate of the 1% AEP flood at
the Port Office/City Gauge, 9500 m®/s, as a ratio of the 1% AEP flood at the Port
Office/City Gauge for the No Dams case (see Note d).

e Aflood profile is calculated, starting from a level of 4.32 m AHD at Port Office/City Gauge
to produce a profile of 1% AEP flood levels. The profile is produced after adjusting the
MIKE 11 model results to match the observed data when it was used to reproduce the
2011 data (see Note e).

3.2 Notes and comments on the methodology for arriving at the estimate of 1% AEP

flood and levels

a. This involves estimates of what the levels of historic floods would have been in the river in
its present state, allowing for effects from lowering of the bar and of dredging along the
river.

i. The effect of bar lowering is estimated at 0.4 m and this is applied to all floods.
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ii. The effect of river dredging is estimated at 1.52 m and this is applied to all floods.
iii. For cases where both ,corrections are to be applied they are simply added for all

floods.

Briefing material provided to the Independent Review Panel (by BCC officers from City
Design) during its work in 2003 included the assessment of evidence on effects of the
dredging of the river; “This suggests that small floods reduced by 1.52 m but little effect
on large floods”. It is noted here that the description river dredging’ does not
encompass all of the changes — river training and reclamation of some tidal flats were

involved also.

These estimates are taken directly from Reference 17 except for differences in two
cases (detailed below in section 4.1). They are gross approximations. Further, their
magnitudes are open to question; the briefing of the Review Panel included the advice
that Bureau of Meteorology (BoM) provided a chart relating Moggill Alert to Brisbane
City Alert “to show that the adjustment of pre-dredging levels should only be by 0.6 m
rather than 1.8 m assumed in the December 1999 review” with the comment “This
raises the estimate of the 1893 flood and all nineteenth century floods above those
assumed in December 1999.” The author quotes this comment, not to endorse the
inferences about the magnitude of the nineteenth century floods, but solely to
emphasise the point that, to his knowledge, there has never been a clear consensus

about these matters.

The Independent Review Panel was briefed in 2003 on the uncertainties associated
with any attempt to establish a rating curve for the Port Office site. It was obvious that it
would not be possible to investigate this matter with sufficient thoroughness to
establish a best estimate of a rating curve and its error bounds for the Port Office in the
time available - approximately five weeks. In fact, there was insufficient time even to
assess whether a rating curve could be developed that would be sufficiently reliable
for the purpose of flood frequency analysis (FFA). In these circumstances, the Panel
accepted the decision by Sinclair Knight Merz (SKM) to use the combined record from
the gauges at Savages Crossing, Lowood and Vernor, referred to as “Savages

Crossing” as the key site for FFA (Reference 20, para 4.2).

In further discussion of this matter in Section 4.1 the author's comments on paragraphs
148 and 149 of the WMAwater report warn that substantial margins of uncertainty

about the rating curve at the Port Office may persist even after the extensive
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investigations have been completed, such that it may remain insufficiently reliable for

use as the key site for FFA.

There have been several attempts to produce a rating curve for the Port Office/City
Gauge for the No Dams case. There is no real consensus. As just one example, in an
email to Ken Morris of Brisbane City Council dated 12 August 2003, Peter Baddiley of

BoM provided a rating curve that is linear.

The writer acknowledges that persons involved in discussions about these matters in
2003 may have ,moved on’ from the views they held then. Nevertheless, the fact
remains that most of the material used to produce the rating curve at the Port Office

used in the WMAwater report (Figure 8), continues to have substantial uncertainties.

b. The results of the FFA are not greatly different from those from previous studies.

i. The SKM study of 2003 estimated Q100 pre-dams at the Port Office/City Gauge to be
in the range from 11000 to 13000 m®s and adopted 12000 m?/s.

ii. WMA gives results in Table 10 produced with GEV and LP3. As the number of larger
floods omitted from the FFA increases, the results from GEV give progressively smaller
estimates for Q100 (as would seem reasonable) whereas three of the estimates of
Q100 from LP3 are virtually the same and the one for the case when five of the largest
seven floods are omitted is the largest of all at 16610 m*/s. This is counter-intuitive.
This suggests that the GEV estimates should be preferred, not averaged with LP3
estimates. If the estimate for Q100 is based on GEV alone it becomes 12130 m%s.

iii. The similarity in the estimates of Q100 produced by all of these FFAs gives little ground
for comfort because they all suffer from the fact that most of the data are estimates of

flows of uncertain accuracy, especially in the cases of most of the large floods.

c. ltis not clear how Figure 3 was created. The plotted points are somewhat scattered. The
data point identified as ,SKM 2011’ presumably was produced with the faulty Version 1 of
MIKE11 since the only references for 2011 listed for SKM are No 35 (24 June 2011) and
No 36 (11 March 2011), whereas the review that led to the production of the improved
Version 2 of MIKE11 was carried out between 27 June and 5 July 2011 as described in
the WMAwater report ‘Review of Hydraulic Modelling Final Report 28 July 2011".

The author is not convinced by the approach adopted to produce the data points in
Figures 2 and 3 for the January 2011 flood event. In paragraph 64 of the report it is stated
that “the 2011 event has a peak inflow of 11000 m®s (WMA) and 11150 m*/s (Seqwater)
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and a peak discharge of 7500 m%s (giving a reduction of 32-35%).” This completely
overlooks the complexity of the event in that there were two peak inflows approximately

29 hours apart.

e The first peak inflow was 10095 m®/s at 08:00 on 10 January.

At that time the outflow was 1944 m?/s; it increased slowly to 2087 m?/s at 15:00; then
more rapidly to 2695 m®/s at 20:00; then slowly to 2753 m®/s at 08:00 on 11 January;
it then increased rapidly to 7464 m®/s as the second peak inflow arrived.

e The minimum inflow between the peaks was 3594 m®/s at 02:00 on 11 January
At that time the outflow was 2721 m®/s, the dam level was 73.35 m AHD and the
storage was 1,977,862 ML or 169.8% of FSV. The storage at FSL of 67.00 m AHD is
1,165,000 ML.

e From all of this one could argue that the attenuation of the first peak was 73.1%,
corresponding to the peak outflow being 26.9% of peak inflow i.e. 2721/10095. Even
if one uses the initial objective of limiting outflow to 4000 m*/s the attenuation would
have been 60%, corresponding to the peak outflow being 40% of peak inflow.

e The second peak inflow was 11561 m®/s at 13:00 on 11 January. The peak outflow
rose to 7464 m*s by 19:00 on the 11". This gives an attenuation of 35.4%,
corresponding to peak outflow being 64.6% of peak inflow. (WMA has 32-35%). But
the dam was at 170% of FSV at the start of this second peak inflow.

The author does not consider that it is appropriate to use this figure of
approximately 35% in isolation, ignoring the complexity of the event, as
somehow representative of the attenuating effects of the dam. It is particularly
of concern that no account appears to have been taken of the fact that a large
proportion of the flood storage compartment was already used up when the

second inflow peak began to arrive.

Note: the figures used in the above discussion are taken from the Seqwater Report
(Reference 26).

d. The 1% AEP peak flow at the Port Office/City Gauge is estimated by using directly the
result calculated by SKM 2011 (see comment above in Note c¢). This gives for the Port
Office/City Gauge a post-dams peak flow of 9500 m®s versus a pre-dams peak of 13000
m°/s. So 9500 m®s is adopted for the 1% AEP peak flow at the Port Office/City Gauge.
The author has severe reservations about this ,conclusion’. The WMAwater report justifies
this choice in paragraph 132 with “Using Figure 3 without applying any weight to the 2011

event a value of 9000 m?/s is obtained as the post dam (Wivenhoe and Somerset dams)
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flow. The 2011 data provides the only real data point on the performance of the dam and
suggests a post dam flow of 10000 m®s using WMAwater’s estimate and 9500 m?/s using
SKM’s estimate. On the basis of these three datasets a post dam flow of 9500 m®/s was

adopted.”

If, for example one were to adopt 12130 m?%s as the pre-dams 1% AEP peak flow at the
Port Office/City Gauge and use the “estimation line” in Figure 3, the estimate of the post-

dams 1% AEP peak flow becomes approximately 8300 m?/s.

But, the author has a fundamental difficulty with the application of one specific result for a
particular event (that may or may not be ,fypical’) to convert a value obtained by statistical
analysis to give another value and to treat that derived value as having statistical
significance. There seems to some problem in the logic of that process. Further, it ignores
the fact that the event from which the conversion multiplier is taken was unusual in that
the inflow to Wivenhoe was double peaked. This is discussed further below. It also makes
no allowance for the different combinations of flows from Wivenhoe and from the

tributaries downstream from the dam.

The author considers that it is not appropriate to use one specific flood event as the basis
for the estimate of the attenuation achieved by the dams that is to be incorporated in the
estimate of the 1% AEP post-dams peak flow. The 1% AEP post-dams peak flow is a
statistical, design concept and all the variable elements that contribute to its estimation,
including the attenuation of the flood peak by the dams, must be estimated by statistical
processes. In brief outline, these processes should include hydrological modelling of the
whole Brisbane River catchment for a number of synthetically generated 1% AEP design
storm events for the pre-dams case to produce inflow hydrographs at the site of Wivenhoe
Dam, in addition to the pre-dam flood hydrographs at the Port Office. The inflow
hydrographs at the dam site should be run through a dam operations simulation model to
generate outflow hydrographs from Wivenhoe Dam for the post-dams case. These outflow
hydrographs then provide the post-dams input from Wivenhoe Dam to the hydrological
model of the Brisbane River catchment downstream from the dam to produce post-dams
flood hydrographs at the Port Office. The end result of this modelling will be a set of
estimates of pairs of 1% AEP design flood peaks for pre-dams and post-dams conditions
at several locations along the Brisbane River, including at the Port Office. The best
estimate of the pre-dams and post-dams 1% AEP design flood peaks will be determined

from this set of ,pairs’. (It is stressed that this brief outline must not be taken as a complete
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specification of the work required to produce the 1% AEP design flood estimate; it is given

as an indicative outline only.)

e. ltis not clear how the level of 4.32 m AHD was arrived at. No detail is given on how the
MIKE 11 model results were “adjusted”. The resulting profile in Figure 13 looks less
plausible than the ,non-conforming’ one produced by MIKE 11 without adjustment (see
Figure 12). The profile in Figure 13 has been made to conform to figures for peak flood
levels given in the Joint Flood Taskforce Report (Reference 27). However, it was stated
clearly in that report that the levels were “subject to final verification”. When the JFTF
report was being produced, the author and another member of the Taskforce shared
concerns they had about the accuracy of the flood levels given in Reference 27 for the
stretch of the river from the West End Ferry to Seventeen Mile Rocks, because they
seemed inconsistent with the rest of the flood profile. At the time, this was the only
information available to the Taskforce and it was not feasible to have it checked during the
three weeks between the first meeting of the Taskforce and the deadline for completion of
the Report (8" March 2011). Floodwise Property Reports for the locations of these flood
levels, downloaded in September 2011 from the BCC website, indicate that the current

best estimates of many of these levels are lower than those given in Reference 27.
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4, REVIEW RESPONSE - PART 3; EXTRACTS FROM WMAwater REPORT WITH
COMMENTS ADDED

The numbering of paragraphs in the following is that used in the cited report. The text of each
numbered paragraph is that in the Report. The Comments added are by Professor Apelt,

referred to as “the author”.
4.1 Matters of substance

91 Depending on the size of a particular event, rating curves can be sensitive to overbank
conditions and topography. Often a change in slope is seen in the rating curve as flow enters
the overbank. Future work utilising 2D hydrodynamic modelling to develop rating curves
specific to a point in time needs to ensure that overbank topography is representative of the

time of the event in question.

Comment This comment suggests that the writer of the WMAwater report believes that
more investigation is needed to produce the best possible estimate of the rating curve at the
Port Office.

92 If a 2D model is developed it should use high resolution survey data (LiDAR) for
current conditions. To model earlier events it would be necessary to draw upon a range of data

sets including aerial photography, ortho-photo maps, 1873 and 1974 survey details.
Comment As for paragraph 91.

929 The recorded stage for the 1893 flood event was 8.35 m AHD, however it is necessary
to adjust this height for current conditions. Reference 17 adjusted all the recorded stages from
1864 to 1917 by 1.52m (5 feet) except for the 1893 event and assumed the discharge of this

event was 14 600 m®/s. Table 10.2 of Reference 17 presents 5 estimates of flow ranging from

11 300 to 16 990 m*/s for the 1893 event. Two of these estimates are based on velocity
measurements taken during the event at Indooroopilly and Victoria Bridges (16 990 m*/s and
14 600 m%s respectively). Reference 3 (Part 3, Section 2) details problems associated with
reverse flow on the inside bend making measuring flow at Indooroopilly Bridge difficult during
the 1930’s and 1950’s. Reference 18 modelled the 1893 event using cross sections from 1873
and estimated the peak flow at 11 600 m?s. (Italics added)
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Comment There is no Table 10.2 in Reference 17, or in Reference 18.

119  For floods prior to 1917 the 1.52m dredging adjustment was used and for those prior to
1864 the 0.4m bar adjustment was also used. This is the same approach as used in
Reference 17 other than the dredging adjustment has been applied to all events (including
1841 and 1893). For smaller events the flow adjustment used in Reference 17 was also used.
For larger events the high flow rating derived as part of the current study was used (refer to
Section 6.3.2).

Comment The blanket reductions applied to all flows are gross approximations. It will be
necessary to develop appropriate hydrodynamic models of the Brisbane River to simulate the
conditions that existed at the times of historic floods and to use them in conjunction with
appropriate hydrologic models to produce estimates of flood flows consistent with the
recorded/ reported rainfalls and flood levels for each event. The models should then be used
to produce estimates of the flood levels for the River system in its present state but excluding
the Wivenhoe and Somerset Dams. Because the data available is limited in detail and
accuracy it will be necessary to generate ,best estimates’ and ,plausible bounds’ for each
historic flood event. The estimates of flood flows produced by this process can then be used
for FFA.

120 Adjustments were made to the 1974 event to account for Somerset dam and to the
2011 event to account for both dams. Every attempt was made to make adjustments in a
consistent and non contradictory manner. The adopted high flow estimates are presented in
Table 7 below. It is noteworthy that the 1841, the second 1893 event and the 2011 event are

essentially the same size.
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Table 7: Homogeneous Data Set of Flood Levels for the Brisbane River

Pre Dam Pre Dam Pre Dam
Recorded Level Current Current Current
Event | (i.e. As Adjusted | Adjusted j Conditions | Conditions | Conditions
measured Level Level
during the | (mAHD)* | (mAHD)
event) Ref 17 Height Flow Flow
(mAHD) (mAHD) (m3/s) (m3/s)
Ref 17
1893(a) | 8.35" 6.83" 8.35" 6.83 13700 14600
1893(b) | 8.09 6.57 6.57 12600
1841 8.43% 6.51% 8.037? 6.51 12500 14100
2011 4.27 4.27 6.40 12400
1974 5.45 5.45 5.45 | 5.50 11300 10364
1844 7.03 5.11 5.11 5.11 10400 8924
1890 5.33 3.81 3.81 3.81 8100 6972
1898 5.02 3.50 3.45 3.50 7500 8500

* Includes 1.52 m prior to 1917 and an additional 0.4 m adjustment for prior to 1864

Comment The two columns with entries in bold italics have been added to the Table 7
from the WMAwater Report by the author to include the corresponding data from Reference 17
for comparison. The differences between levels for 1893(a) and 1841 are explained in notes
(1) and (2) below. Insufficient discussion is provided in the Report to support preference for the

flow rates adopted over those from Reference 17.

Note (1) No adjustment was applied in Reference 17. The lower level adopted in the

WMAwater Report results from a lowering by 1.52 m to account for dredging.

Note (2) Reference 17 lowered the level by 0.4 m to account for bar excavation but no

adjustment was made for dredging. The further lowering is to account for dredging.

The differences between the entries in the original Table 7 of the WMAwater report and those
in the extra two columns added by the author provide detailed illustration of the uncertainties
associated with the rating curve at the Port Office, that has been discussed above in Section
3.2, Note a.

127 Results from the 4 flood frequency analyses undertaken at the Port Office gauge are
shown in Table 10 (for both GEV and LP3 distributions).
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Table 10: Comparison of Q100 Estimates for Considered Approaches

Data set/ Case | Comments Q100 (m®/s)
GEV LP3 Mean
1841-2011° Includes all large floods 12130 13 730 12 930
1841-2010° Omits one large flood (3rd) 11 740 13 900 12 820
1908-2011° Omits five of seven largest | 10 740 16 610 13675
floods
1908-2010° Omits six of seven largest| 9510 13 900 11705
floods

3 141 censored flows lower than 2,000 m®/s

® 90 censored flows lower than 2,000 m®/s

Comment The two columns with entries in bold italics have been added by the author to
the Table 10 from the Report.

128 Conducting the flood frequency analysis without the 2011 event changes the average
of the GEV and LP3 estimates by only 95 m?s.

Comment The GEV estimate is reduced as more and more of the larger floods are omitted
(as would seem reasonable). However, the LP3 gives the largest estimate for the case when
five of the seven larger floods are omitted. This is counter-intuitive and it casts doubt on the
LP3 estimates. This suggests that the GEV estimates should be preferred, and not averaged
with LP3 estimates. If the estimate for Q100 is based on GEV alone it becomes 12130 m?s.
However, the relatively small differences between estimates for Q100 are not really important
here because the estimates of the individual flood flows have such uncertain accuracy,
especially in the case of most of the larger floods. The similarity in the estimates of Q100
produced by all of these FFAs gives little ground for comfort because they all are based on

data of such uncertain accuracy.

141 The Mike 11 Model (Version 2) developed by SKM for Seqwater as described in
Reference 38 (and Version 1 described in Reference 35) was calibrated by SKM to Moggill,
Jindalee and the Port Office. It was intended to use this model to fit a flood surface between
Moggill and the Port Office for a peak post dam design flow of 9500 m®s. When this model
was compared to observed flood height data in the 2011 Joint Taskforce report (Reference 27,
Table 3) problems were found with the fit (Figure 12). While the model fitted well at Mogagill,
Jindalee and the Port Office the fit was slightly low between Moggill and Jindalee and up to

1.8m low between Jindalee and the Port Office. This problem demonstrates the need for
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organisations to consider all agencies data when calibrating models. The Mike 11 model was

therefore unsuitable to be used in profile generation. (Italics added)

Comment A note at Table 3 of Reference 27 states explicitly that the Jan 2011 levels
given are “subject to final verification”. The resulting profile in Figure 13 looks less plausible
than the ,non-conforming’ one produced by MIKE 11 without adjustment (see Figure 12). The
profile in Figure 13 has been made to conform to figures for peak flood levels given in the Joint
Flood Taskforce Report (Ref 27). Floodwise Property Reports for the locations of these flood
levels, downloaded in September 2011 from the BCC website, indicate that the current best

estimates of many of these levels are lower than those given in Reference 27.

142 As part of the prescribed work scope The Commission required profile information on
peak flood levels between Moggill and the Brisbane River mouth for the 2011 event and 1%
AEP. January 2011 levels at each location were estimated by adjusting the Mike 11 model
results to match the observed data from 2011 Joint Taskforce (Reference 27). From this,
approximate flood levels at the points of interest identified by The Commission were
determined. The same process was adopted for the 1% AEP flood levels using a peak post
dam flow of 9500 m%/s. These profiles are presented on Figure 13 and summarised in Table
13. (Italics added)

Comment No information is given about the nature of these adjustments.

148 A detailed study needs to be undertaken to improve the rating relationship at the Port
Office gauge. This study needs to draw upon all the information held by Council and State
Government. The rating information held by different organisations also needs to be

consolidated and objectively reviewed. (ltalics added)

149  The study needs to contain the following components:

e Development of a suitable industry standard 2D hydrodynamic model of the lower reaches
of the Brisbane River. This model needs to be suitable for assessing historical changes to
the river bathymetry and needs to have a run time that is practical for detailed calibration
and assessment of changes,

o A detailed search of all data sources on the bathymetry of Brisbane River needs to be
undertaken. This study needs to produce best estimate maps of the bathymetry at

different times during Brisbane’s development. A current survey of the bathymetry also
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needs to be undertaken and the current morphological behaviour of the river needs to be
understood,

e Astronomical tide need to be calculated for the flood events that occurred prior to the
regular recording of tides,

e Where sufficient tidal and meteorological information is available the storm surge
component at the river mouth needs to be estimated for each historical event,

e The methodology that has been developed under Research Project 18 of Australian
Rainfall and Runoff for the calculation of the joint probability of river flooding and elevated
ocean levels, should be applied to the lower reaches of Brisbane River so that flood risk
can be properly quantified, and

e The sensitivity of flood levels to elevated ocean levels from climate change needs to

determined.

Following the completion of the above tasks a revised flood frequency analysis should be
carried out using the current best practice. This analysis should explore the use of a regional

flood frequency approach.

Comment The statements and recommendations in paragraphs 148 and 149 are agreed
with fully. Further, these paragraphs constitute implicit acknowledgement that the estimate of

Q100 in the report is not a final figure to be adopted.

The author considers that extensive investigations of the kind discussed above and elsewhere
throughout this report will be essential to improve the estimates of the magnitudes of the peak
flows of historic floods to reduce the uncertainty of the results produced by flood frequency

analysis.

The author would recommend against the use of any of the several extant versions of the
rating curve at the Port Office. It needs to be recognised, however, that substantial margins of
uncertainty about the rating curve at the Port Office may persist even after the extensive
investigations have been completed. If that should turn out to be the case, the author would

support use of “Savages Crossing” as the key site for flood frequency analysis.
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4.2 Lesser matters of interpretation etc

63 “Figure 2 compares peak inflow and outflow for Wivenhoe dam from a number of
sources for occasions when the dam is full. Also plotted on the graph is the 1:1 line (or 50%
reduction in flow by the dam as recommended by the 2003 Review Panel (Reference
20)).While there is considerable scatter amongst the data points the graph shows below an
inflow of 6000 - 8000 m3/s the attenuation is quite high while around 12000 m?s the
attenuation is quite low. It is not unexpected that there would be some scatter as two floods
could have a similar peak inflow and very different volumes and hydrograph shapes. There is
however a reasonable correlation of volume and peak flow. For peak outflows up to 4000 m®/s
(max discharge allowed at Moggill under W3) the discharge is very dependent on the flow

occurring in the Lockyer and Bremer Systems.” (Italics added)

65 Figure 3 to 5 depict pre and post dam flow at Port Office, Moggill and Savages
Crossing. The 50% reduction line, as adopted by the 2003 Review Panel is also shown. (ltalics
added)

Comment The 2003 Review Panel made no recommendation for a 50% reduction, nor did
it adopt it. It noted that for the period 1890 to 2000 the DNRM model simulation of dam
operations had indicated that it should be possible to operate the dams to reduce peak flood
flow rates by about 60% on average and that it indicated a January 1974 flood attenuation of
nearly 50%. (Reference 20, p15). The panel did not have access to the DNRM model and it

recommended that it should be peer reviewed. (Reference 20, p23).

The work done in 2003 by SKM as consultants to BCC included hydrological modelling of the
Brisbane River catchment for a number of synthetically generated design storm events (in this
case 1% AEP design CRC FORGE rainfall events). In addition, hydrologic modelling was done
using typical “real” event” spatial rainfall distributions with 1% AEP design CRC FORGE
rainfall. The modelling of the pre-dams case produced inflow hydrographs at the site of
Wivenhoe Dam in addition to the pre-dam flood hydrographs at the Port Office. The inflow
hydrographs at the dam site were run through the DNRM dam operations model to generate
outflow hydrographs from Wivenhoe Dam for the post-dams case. These outflow hydrographs
provided the post-dams input from Wivenhoe Dam to the hydrological model of the Brisbane
River catchment downstream from the dam that produced the post-dams flood hydrographs at
the Port Office. The end result of this modelling was a substantial set of estimates of pairs of
pre-dams and post-dams flood peaks at several locations along the Brisbane River, including

at the Port Office. All had been calculated as 1% AEP design flood events. The Review Panel
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exercised its judgement to determine from this set of estimates the best estimate for the 1%
AEP design flood flow at the Port Office. The fact that this turned out to be approximately 50%
of the pre-dams flood flow is a consequence of the fact that most of the estimates of pairs of
pre-dams and post-dams flood peaks were related approximately in this way. This ratio was
applies only to the 1% AEP flood events considered in the SKM study. It was an outcome of

the study, not an input to it. It cannot be applied to substantially different flood events.

Whatever ratio may be appropriate as the estimate of the attenuation for the 1% AEP design
flood peak inflow to Wivenhoe Dam, it is fundamentally incorrect to use that ratio as applying
to all magnitudes of inflow peaks, as is implied by the straight line plotted in Figure 2 of the
WMAwater report. In fact, the magnitude of the inflow volume is of much greater significance
than is the peak inflow rate. For floods with an inflow volume less than the flood storage
compartment available, 100% attenuation can be achieved if so desired, regardless of the
magnitude of the peak inflow rate. As the flood inflow volume becomes larger than the flood
storage compartment available, the amount of attenuation of the peak flow that can be
achieved will reduce but it will also depend on the dam operation strategy. For very rare flood
events that are very much larger than that for which the dam was designed, the amount of
attenuation will be very much reduced, though there will always be some attenuation because

of storage volume resulting from rising flood levels upstream from the dam.

80 It would appear that this level was still not adopted as a planning level and SKM were
commissioned by Council to prepare two further reports which were issued on 8th and 28"
August 2003 to an Independent Review Panel (Reference 20)...... It is noted that the 2003
Review Panel terms of reference includes the following statement “Even if the Q100 changes
from 6800 m®/s, it is likely that the Development Control Level will remain the same as is

currently used in the Brisbane City Plan.”

Comment The 2003 Review Panel was not influenced in any way by the quoted

statement.

82 SKM re-calibrated the 1998 Mike 11 hydraulic model to determine 1% AEP (100 year
ARI) flood levels in a report from February 2004 (Reference 22). Although the December 2003
report had later found Q100 to be 6500 m?/s, the 2003 Review Panel recommended Q100 flow
of 6000 m?/s at the Port Office gauge be used to giving a Q100 flood level at the Brisbane Port
Office of 3.16 m AHD.

UniQuest File Reference: Final Report - 300 Page 19
BCC.160.0021



Report For: Clayton Utz
Re: Provision of expert advice in relation to a report provided by WMAwater

Comment The meaning of this paragraph is unclear. The Review Panel report (Reference
20) was issued in September 2003. Further, the Q100 level in that report is 3.3 m AHD, not
3.16 m AHD. The Review Panel saw a draft version of an SKM report with the same title as
the December 2003 report (Reference 21). That draft was dated 28 August 2003 and it
proposed the best estimates for the Q100 flow and levels at the Port Office as 6500 and 3.51
m AHD, respectively. The Review Panel cited this draft report in the List of References in
Section 6 of its report (Reference 20). The contents of the draft SKM report were taken into
account by the Review Panel when it formulated its considered judgements concerning the
best estimates of the Q100 flow and level at the Port Office, aware that they differed from

those proposed in the draft report. This is described in Section 4.8 of Reference 20.
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5. CONCLUSION

Many of the matters discussed in this report are quite complex. The appropriate way to clarify
many of the issues raised would be in thorough discussion and review with colleagues.
Because of the very short time frame available, it has been necessary for the author to
formulate the material presented in this report without any opportunity for discussion with
colleagues or for lengthy review. With the benefit of sufficient time for such discussion and

review of the issues in depth, the author’s views on some matters may evolve somewhat.
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ASCE, 129(8), pp 628-636.
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Resources, 5(2), pp 123-136.

Morris, P.H., Lockington, D.A. & APELT, C.J. 2000, “Correlations for mine tailings consolidation
parameters”, International Journal of Surface Mining, Reclamation and Environment, 14, pp 171-182.
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Boussinesq model", Ocean Engineering, 26(4), pp. 287-324.
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Structures, 7(4), pp 375-386.
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227-244.

APELT, C.J. & Ryall, G.L. 1992, "Modelling the sedimentary processes in real estuaries",
Transactions of IEAust, CE34(1), pp 1-7.

Paterson, D.A. & APELT, C.J. 1990, "Simulation of flow past a cube in a turbulent boundary layer",
Journal of Wind Engineering and Industrial Aerodynamics, 35, pp 149-176.

Johnson, T. & APELT, C.J. 1990, "Performance of minimum energy structure outlets near maximum
expansion rates", Transactions of IEAust, CE31(4), pp 163-168.

Paterson, D.A. & APELT, C.J. 1989, "Simulation of wind flow around three-dimensional buildings",
Building Environment, 24, pp 39-50.

APELT, C.J. & Piorewicz, J. 1987, " Laboratory studies of breaking wave forces acting on vertical
cylinders in shallow water", Coastal Engineering, 11, pp 263-282.

Paterson, D.A. & APELT, C.J. 1986, "Computation of wind flows over three-dimensional buildings",
Journal of Wind Engineering and Industrial Aerodynamics, 24, pp 193-213.
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APELT, C.J. 1994, "Physical and numerical hydraulic modelling - past, present and future: An
Australian perspective" Keynote Address. Proceedings of 1994 International Conference on
Hydraulics in Civil Engineering, University of Queensland, Brisbane, 15-17 Feb 1994, National
Conference Publication No 94/1, IEAust, Canberra, pp 247-254.

McMahon, G & APELT, C.J. 1994, "Training programs in engineering management based on the
functional leadership concept" 1994 Annual National Convention of The Institution of Engineers
Australia: Preprints of Papers, Melbourne, 13-16 Apr 1994. IEAust, Canberra.

Nielsen, P., Hanslow, D.J. & APELT, C.J. 1993, "A new type of nearshore wave gauge" in
Proceedings of 11th Australasian Conference on Coastal and Ocean Engineering, Townsville, 23-27
Aug 1993, National Conference Publication No: 93/4, IEAust, Canberra, pp 247-251.

Fox, T.A., APELT, C.J. & West, G.S. 1993, "The aerodynamic disturbance caused by free ends of a
circular cylinder immersed in a uniform flow" in Preprints, Second International Colloquium on Bluff
Body Flow Aerodynamics and Applications, Melbourne, Australia, 7-10 December 1992, CSIRO
Division of Building, Construction and Engineering.

APELT, C.J. & Fox, T.A. 1992, "Fluctuating loads on cantilevered cylinders in uniform flow", in Davis,
M.R. & Walker, G.J. eds, Proceedings of 11th Australasian Fluid Mechanics Conference, Hobart,
1992, Univ Tasmania, Hobart, pp 523-526.

Jempson, M.A. & APELT, C.J. 1992, "Hydrodynamic forces on partially and fully submerged bridge
superstructures”, Proceedings of 16th Australian Road Research Conference, Perth 1992. Aust Road
Res Board, Melbourne, part 3 pp 67-80.

APELT, C.J. & Ryall, G.L. 1991, "Representation of cross -stream variations in a model of
sedimentary processes in estuaries”, in Bell, R.G., Hume, T.M. & Healy, T.R., eds, Proceedings of
10th Australasian Conference on Coastal and Ocean Engineering, Auckland, 1991. Water Quality
Centre, Hamilton NZ, pp 109-114.

APELT, C.J. & Piorewicz, J. 1991, "Impact force as apart of the total breaking wave force on a vertical
cylinder”, in Bell, R.G., Hume, T.M. & Healy, T.R., eds, Proceedings of 10th Australasian Conference
on Coastal and Ocean Engineering, Auckland, 1991. Water Quality Centre, Hamilton NZ, pp 429-434.

Syme, W.J. & APELT, C.J. 1990, "Linked two-dimensional/one-dimensional flow modelling using the
shallow water equations”, Proceedings of Conference Hydraulics in Civil Engineering, Sydney, July,
1990, National Conference Publication No: 90/4, IEAust, Canberra, pp 28-32.

APELT, C.J. & Shaw, D.J. 1990, "An institutional initiative in Australia/China co-operation in higher
education. Proceedings International Symposium on Higher Engineering Education, Hangzhou,
China, Apr 1990, Beijing Intl Acad. Publ. pp 223-228.

APELT, C.J. 1989, "Hydraulic jumps on steep slopes and at small Froude numbers", in Perry, A.E. et

CJA/Bio/Long/10_2011 Page 9 of 10

BCC.160.0032



al eds. Proceedings 10th Australasian Fluid Mechanics Conference, Melbourne, Dec, 1989, A.E.
Perry, Melbourne, pp 14.9-14.12.

APELT, C.J. & Ryall, G.L. 1989, "Modelling the sedimentary processes in real estuaries”,
Proceedings 9th Australasian Conference on Coastal and Ocean Engineering, Adelaide, Dec 1989,
National Conference Publication No: 89/20 IEAust Canberra, pp337-341.

Paterson, D.A. & APELT, C.J. 1988, "Wind flow around buildings", in de Vahl Davis, G. & Fletcher,
C.A. eds, Proceedings, International Symposium on Computational Fluid Dynamics, Sydney, 1988,
North Holland, Amsterdam, pp 589-598.

APELT, C.J. & Piorewicz, J. 1987, "Modelling the morphological dynamics of tidal inlets", Proceedings
8th Australasian Conference on Coastal and Ocean Engineering, Launceston, Dec 1987, National
Conference Publication No: 87/17 IEAust Canberra, pp 307-311.

Johnson, T. & APELT, C.J. 1987, "Maximum expansion rates for minimum energy structure outlets",
Proceedings of Conference on Hydraulics in Civil Engineering, Melbourne, Oct 1987, National
Conference Publication No:87/14, IEAust Canberra, pp77-81.

Shuy, E.B. & APELT, C.J. 1987, "Experimental studies of unsteady wall shear stress in turbulent flow
in smooth round pipes", Proceedings of Conference on Hydraulics in Civil Engineering, Melbourne,
Oct 1987, National Conference Publication No:87/14, IEAust Canberra, pp137-141.

Paterson, D.A. & APELT, C.J. 1986, "Computer modelling of turbulent wind flows over buildings"
Proceedings 9th Australasian Fluid Mechanics Conference, Auckland, Dec 1986, University of
Auckland, Auckland NZ, pp 66-69.

APELT, C.J. & Piorewicz, J. 1986, "Interference effects on breaking wave forces on rows of vertical
cylinders", Proceedings First Australasian Port, Harbour and Off-Shore Engineering Conference,
Sydney, Oct 1986, National Conference Publication No: 86/10, IEAust Canberra, pp 191-195.

APELT, C.J. 1986 "Flood forces on bridges", Proceedings 13th ARRB-5thREA Combined
Conference, Adelaide, Aug 1986, ARRB Melbourne, pp 40-46.

APELT, C.J. & Piorewicz, J. 1985, "Vertical cylinder in the breaking wave zone", Proceedings
Australasian Conference on Coastal and Ocean Engineering, Christchurch, Dec 1985, Inst Prof Eng
NZ Christchurch, pp Vol 2, 213-224.

APELT, C.J., Lawrence, J.R., Wellington, N. & Young, B.J. 1985, "Mathematical modelling of channel-
floodplain exchange" Proceedings 21st Congress IAHR, Melbourne Aug 1985, National Conference
Publication No:85/13, IEAust Canberra, pp Vol 3, 390-395.

APELT. C.J. 1985, "General report on sub-theme D(c) - laboratory measurements; unsteady flow
measurement" Proceedings 21st Congress IAHR, Melbourne Aug 1985, National Conference
Publication No:85/13, IEAust Canberra, pp Vol 6, 110-117.

Ashkanasy, N.M., Muller, D.K. & APELT, C.J. 1984 "Hydraulic models of natural river systems - the
need for benchmark data", Proceedings of Conference on Hydraulics in Civil Engineering, Adelaide,
1-2 Oct 1984, National Conference Publication No: 84/7, IEAust Canberra, pp 34-39.

Refereed Research Report

Voisey, Chris & APELT, Colin 2001, "Recent Dredging Projects in Sensitive Areas in Queensland”
CRC for Sustainable Tourism Pty Ltd, ISBN 1 876685 62 X, 213pp.

CJA/Bio/Long/10_2011 Page 10 of 10

BCC.160.0033



Audiovisual publications

APELT, C.J. 1994, "The minimum energy loss culvert”, Videotape, 15 minutes. Brisbane, University of
Queensland Prentice Centre Television Unit.

CJA/Bio/Long/10_2011 Page 11 of 10

BCC.160.0034



Queensland Floods Commission of Inquiry

Brisbane River 2011 Flood Event -
Flood Frequency Analysis

Final Report by WMAwater
September 2011

Expert Comments by
Erwin Weinmann

RJ Keller & Associates

October 2011

BCC.160.0047



Table of Contents

T INEOTUCTION. et nnnnnes 3
1.1 Appreciation of terms of reference for WMAwater report .........cccccoeeiiinnnee. 3
1.2.  Criteria for assessment of rePOrt ........ccouveeiiiiiiiiiiiiee e 4
1.3  Scope and limitations of expert comments..........ccccceiiiiiiiii 4

2. Flood flow estimates derived by WMAWaLET............uuuiiiiiiiiiiiiiiiiiiiiiiieiiiiieviiieieees 5
2.1 GENEIAL . 5
2.2 1% AEP flood flows for pre-dam conditions ...........ccooeeeeeeiiiiiiiiiieeeeeeeeeen 5
2.3 1% AEP flood flows for post-dam conditions..........ccccooviiiiiiiiniiiiiniiiee, 9
2.4  Estimated AEP and ARI of January 2011 flood..........ccooovieiiiiiiiiiiiee, 11

3. Estimation of 1% AEP flood level profile........... s 12

s @70 o Tod U= o o 1 PSRRI 13

REIEIENCES ... ————— 15

APPENDIX A Design flood estimation — matters for consideration......................... 16

2

BCC.160.0048



1 Introduction

These expert comments have been prepared to assist Clayton Utz, acting on behalf of
Brisbane City Council, with the assessment of the report “Brisbane River 2011 Flood Event —
Flood Frequency Analysis, Final Report, September 2011” prepared by WMAwater. This
report will be referred to as “WMA (2011)”".

In the following, the basis and scope of the expert comments are further explained.

1.1 Appreciation of terms of reference for WMAwater report
Paragraph 5 of WMA (2011) gives the following terms of reference (TOR):

“The Commission has requested that Mark Babister of WMAwater undertake the
following:

1. Conduct a flood frequency analysis and determine the 1% AEP flood level for key
locations on the Brisbane River below its junction with the Bremer River and on
the Bremer River in the vicinity of Ipswich using information available prior to the
January 2011 event. This work should be used to determine 1% AEP flood levels
at up to 8 key locations in the Brisbane and Bremer Rivers and to produce 1%
AEP flood profiles. This work should include a review of the SKM 1% AEP flood
profile.

Repeat task 1 with the 2011 event included in the historical dataset.

Using results of task 1 and 2 determine the ARI and AEP of the January 2011
floods at particular points along the Brisbane River and Bremer River.”

It is not known to what extent these TOR have been supplemented by more detailed verbal
instructions.

The following comments are relevant for the interpretation of these TOR:

e The term ‘flood frequency analysis’, in the first part of paragraph 1 of the TOR
could be narrowly interpreted to mean that the study is restricted to the application
of a statistical frequency analysis technique to an appropriate flood data set.
However, the remainder of this paragraph makes it clear that a broader
interpretation of the first task is appropriate: the derivation by appropriate
methodology of a relationship between flood magnitude (flows and levels) and
frequency (expressed as annual exceedance probability — AEP, or average
recurrence interval — ARI).

e The focus of the study is on estimates of the 1% annual exceedance probability
(AEP) flood flows and flood levels at key locations. While this is not explicitly
stated, these flood characteristics are understood to relate to the current (post-
dam) conditions of the Brisbane River catchment, river and estuary system.

e Given the important flood management decisions that will be based on the study
outcomes, the estimated 1% AEP flood flows and flood levels should be as
accurate as currently available data and methodology allow (that is any remaining
uncertainty about the adopted ‘best estimate’ should be as small as possible)

e The ‘best estimates’ of flood characteristics to be derived by the study should be
unbiased (that is there should be no systematic tendency to under- or over-
estimate, and any margin of safety to cover for uncertainties should be specified
separately, as part of flood risk management measures).
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e The reference at the end of paragraph 1 to the “review of the SKM 1% AEP flood
profile” is read to imply that the review work should consider both hydrological
approaches used in the SKM (2003) report to derive design floods (direct
frequency analysis of flood data and simulation of design floods from design
rainfalls) as well as the hydraulic modelling used to convert the derived design
floods to design flood levels.

e The TOR recognise the importance of the January 2011 flood as both a source of
additional flood data and as a point of reference for flood plain management
considerations.

1.2. Criteria for assessment of report

The comments in the remainder of this report are based on the assessment of the data,
methodology and analysis employed in the study against what is considered to represent
accepted current practice, as documented in the current version of ‘Australian Rainfall and
Runoff’ (ARR98), supplemented by more recent peer reviewed design information and
methodology.

Appendix A to this report provides a summary of matters for consideration in design flood
estimation, namely (i) the relationship between (probabilistic) design floods and actual flood
events, (ii) the main flood producing and flood modifying factors to be taken account in flood
estimation and (iii) the principal hydrologic approaches to design flood estimation. The main
points to be taken from this summary are that the actual processes of flood formation and
flood modification in the Brisbane River system are very complex, and that, for design flood
estimates to be accurate and reliable, they need to be based on methodologies that take
adequate account of these complexities and use the full range of flood data available.

It is recognised that the specified scope and available time frame and resources may have
imposed limitations on the conduct of the WMAwater study, including the range of methods
applied and the sources of data used. However, in these comments, the assessment is
against what is considered to be a desirable standard of rigorousness and completeness for
a study whose findings can be expected to have very important and wide ranging
implications.

1.3 Scope and limitations of expert comments

The comments are based on the review of information contained in the following main
documents:

e WMAwater (2011): Queensland Floods Commission of Inquiry, Brisbane River 2011
Flood Event — Flood Frequency Analysis Final Report, September 2011.

e SKM (2003): Brisbane River Flood Study — further investigation of flood frequency
analysis incorporating dam operations and CRC-FORGE rainfall estimates — Brisbane
River, Final Issue, 18 December 2003.

¢ Independent Review Panel (2003): Report to Brisbane City Council on review of
Brisbane River Flood Study, 3 September 2003.

e BCC (2003): Joint Flood Taskforce Report, March 2011.

The comments are based on the information presented in these documents; they address
the perceived strengths and limitations of the methodologies applied and compare the results
produced by the different studies and reviews.

No additional analysis of basic flood data or information has been undertaken as part of this
review.
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2. Flood flow estimates derived by WMAwater

2.1 General

The methodology applied by WMAwater for the determination of 1% AEP flood levels in the
study area involves three principal steps:

(i)  Estimation of 1% AEP design peak flows at Port Office for pre-dam conditions
by frequency analysis of peak flows

(i)  Conversion of pre-dam 1% AEP peak flows to post-dam 1% AEP peak flows at
Port Office

(iii)  Estimation of flood levels in study area for post-dam conditions

The first two steps involve hydrologic analysis techniques and are discussed in Sections 2.2
and 2.3 respectively. The third step involves hydraulic modelling and is discussed separately
in Section 3.

2.2 1% AEP flood flows for pre-dam conditions

Data

Flood height data at Port Office

The basic data used to compile a series of maximum annual floods for the period of record
are recorded gauge heights at the Port Office. Table 2 of WMA (2011) indicates that peak
height records at the Port Office site commenced in 1841 but it is unclear how accurate and
complete these records are for the early period (paragraph 40 implies that the 1841 flood
level is sourced from a plan). Other floods reported for the period between 1824 and 1839
(including the 1825 referred to in the SKM 2003 report) have not been included in the
analysis as they were judged to be either not significant or not reliably documented.

Notwithstanding some remaining uncertainties, it appears that the flood frequency analysis
for the pre-dam conditions has been based on the most complete record of significant floods
in the lower Brisbane River currently available.

To form a homogeneous record for flood frequency analysis, these recorded gauge heights
need to be adjusted for the impacts of any significant changes in the conditions of the lower
Brisbane River and estuary, notably dredging, river widening and major modifications to flood
plain conditions. Section 4.2 of WMA (2011) details the significant changes in river conditions
during the period of record, based on documentation in references. The adjustments to flood
levels appear to be consistent with those used in BCC flood studies of 1999.

It appears that the adjustments to historical flood levels in the lower Brisbane River to
compensate for changes in the conditions of the lower river are based on the most recent
information that is readily available. However, as acknowledged in Paragraph 149 of the
report, lack of detailed hydraulic modelling of the impacts of historical changes to the
bathymetry of the Brisbane River and the possible impacts of storm surges on recorded flood
levels, the adjustments are likely to have introduced significant additional uncertainty and
possible bias into the ‘homogeneous’ record of flood heights at the Port Office gauge.

The conversion of these maximum flood heights to peak flows at the Port Office by means of

a rating curve (including allowance for the impacts of the dams on recorded flood levels and
flows in the period after 1959) is discussed in the next section (Methodology and results).

BCC.160.0051



Peak flow data at other gauging sites

Section 7.1.2 of WMA (2011) discusses the availability of data at other gauging sites and the
decision to base the flood frequency analysis on data from the Port Office gauge. The
alternative gauges considered are (in downstream direction):

e Lowood/Savages Crossing — located some distance downstream of junction of Lockyer
Creek with Brisbane River (1909 to date)

e Mt Crosby Weir — located some distance upstream of junction of Bremer River with
Brisbane River (1900-1975)

e Mogill — located immediately downstream of junction of Bremer river with Brisbane
River (1965 to date, after construction of Somerset Dam)

In contrast to the Port Office gauge, the rating curves for these three gauges are based
directly on concurrent measurements of flood height and flow rate. However, these rating
curves still require some degree of extrapolation to the magnitude of the largest observed
flood events.

The decision by WMAwater to base the flood frequency analysis on flood height data at the
Port Office gauge was based mainly on the fact that the significantly greater record length
available at this site would better capture the long term climate variability affecting flood
observations. The discussion in paragraph 115 of WMA (2011) recognises the tradeoff
involved between length of record and accuracy of flood data but provides only limited
justification for the decision in favour of the longer but more uncertain flood data record at the
Port Office.

Figure 1 below shows a comparison of the pre-dam peakflow estimates for the Port Office
site (as used in WMA 2011) and the values used by SKM (2003) for the Savages Crossing
site (including simulated peak flows for the events that occurred after construction of the two
Dams).
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Figure 1 Comparison of annual peak flow data 1890-2011 (pre-dam conditions, flood peaks
above threshold of 2000 m%/s)
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The comparison indicates that the estimates for the largest flood events (> 5000 m®'s) are
within about 10 to 20% of each other and thus quite consistent, given the likely influence of a
range of factors that introduce variations in flood peaks between the two sites. However, the
WMA (2011) pre-dam peak flow series misses some significant flood events which have
occurred since the construction of Wivenhoe Dam and have been substantially mitigated by
the dam (notably the 1999 event).

It would be highly desirable for any future detailed flood study to use the available flood data
from all four sites in accordance with their special merits and limitations. This would allow
some checking of flood estimates for consistency and would help to reduce the remaining
uncertainty in design flood estimates.

Methodology and results
The main steps in the flood frequency analysis are:

(i)  conversion of ‘recorded’ maximum flood heights to corresponding peak flows by
means of a rating curve

(i)  adjustment of estimated flows for post-dam period for flood mitigation effects of
Somerset and Wivenhoe Dams

(iii) ~ fitting of a flood frequency curve to the series of adjusted annual maximum flood
peaks using a selected probability distribution and fitting technique

(iv) determining confidence limits to express uncertainty in the flood quantile
estimates (the flood magnitudes corresponding to selected ARIs or AEPs)

(i)  Rating curve at Port Office

While there is anecdotal evidence of some height-discharge measurements at this site
(Section 6.3.1), none such observation data was available to construct a rating at the Port
Office. The ‘best estimate of the high flow rating curve’ shown in Figure 8 of WMA (2011) is
based on the results presented in previous flood study reports and estimates of the flood
height and flow ranges for the 1893, 1974 and 2011 flood events.

The use of a single valued rating curve relationship to convert recorded flood heights to flood
peak flows in the range of flood magnitudes of specific interest (flows greater than 2000 m%/s)
involves the important assumption that the variations resulting from different hydrograph
shapes and volumes, changing river bathymetry during major flood events and dynamic
effects associated with different tidal boundary conditions are relatively minor, and the use of
an average rating curve is sufficient.

There is limited information presented in the report to assess the validity of the simplifying
assumptions embodied in the rating curve but they can be expected to introduce additional
uncertainty into the basic data series used for flood frequency analysis.

(i)  Adjustments for flood mitigation effects of dams

The impacts of Somerset and Wivenhoe Dams on peak flood flows and flood levels in the
lower Brisbane River system are discussed in Section 4.3 of WMA (2011), and Figure 3
presents data on the relationship between pre- and post-dam peak flows at the Port Office
gauge site. The estimate of the pre-dam equivalent of the January 2011 flood shown in
Appendix B (12,400 m%s) is consistent with the information presented in Figure 3, but the
source of the pre-dam peak flow estimate for the 1974 flood event (11,300 m?s) is unclear.
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It appears from the information in Appendix B to the WMA (2011) report that the adjustment
of ‘observed’ peak flows for the 1967, 1968, 1971, 1991 and 1996 (and possibly 1974) flood
events to pre-dam conditions was not based directly on the information in Figure 3, and
Appendix B indicates that the estimated pre-dam flows for these events were sourced from
the SKM (1999) report. The WMA (2011) report does not discuss the assumptions made in
the SKM report to adjust the ‘observed’ peak flows to pre-dam conditions, and it is thus
difficult to assess the degree of uncertainty (and possible bias) introduced by this step.

(iii)  Fitting of flood frequency distribution

The adopted flood frequency analysis method described in Sections 3.3.1 to 3.3.3 of WMA
(2011), as implemented in the FLIKE software, is considered to be in accordance with
current best practice, as described in the draft of revised Book IV of ‘Australian Rainfall and
Runoff’ [It is of interest to note that the flood frequency analyses presented in SKM (2003)
were also based on application of the FLIKE software.] No specific allowance has been
made for differences in accuracy of individual flood peak estimates or for rating curve errors.

The comparison of the fitted flood frequency curves presented in Figures 9 and 10 indicates
that the LP3 distribution (Figure 10) provides a better fit to the flood observations, but fails to
reflect the apparent flattening of the flood frequency relationship at peak flows above 10,000
m®/s. The adopted 1% AEP peak flow estimate of 13,000 m®/s for the pre-dam conditions

appears to be an appropriate ‘best estimate’, given the flood data series used as basic input.

(iv)  Confidence limits on 1% AEP flood estimate

The confidence limits shown in Figure 10 of WMA (2011) reflect the uncertainty introduced
into the flood estimates because of the high degree of natural variability in the flood data
(including random errors) and the limited flood record length available for the estimation of
the 3 parameters of the selected distribution. The effects of any systematic under- or over-
estimation of peak flows for individual flood events (e.g. resulting from errors in adjusted
flood heights or rating curve errors) are not included in these fitted confidence limits, nor do
the make allowance for uncertainty in selecting the most appropriate theoretical probability
distribution (GEV, LP3 or other candidate distribution).

Figure 10 indicates a 90% chance that the true 1% AEP flood peak estimate for pre-dam
conditions is between about 10,000 and 22,000 m°/s but this confidence interval would be
wider if allowance was made for other uncertainty factors. In other words, even when the
flood data from the largest flood events in a period of record of 170 years at the Port Office
are analysed, there remains a substantial degree of uncertainty in the ‘best estimate’ of the
1% AEP flood peak under pre-dam conditions.

Appraisal of pre-dam flood estimation results

Notwithstanding the considerable degree of uncertainty with the ‘best estimate’ of the 1%
AEP peak flow under pre-dam conditions, the estimate of 13,000 m*/s produced by the WMA
(2011) study is plausible in the light of the largest observed floods over the period of record
and broadly consistent with the flood estimates derived by previous studies. Specifically, the
2003 report by the Independent Review Panel gives a peak flow estimate in the range of
10,000 to 14,000 m*/s for pre-dam conditions at Savages Crossing, based on the flood
frequency analyses reported in the SKM (2003) report, and the Review Panel adopted a
peak flow estimate in the plausible range of 11,000 to 13,000 m°/s for pre-dam conditions at
the Port Office site’.

' The uncertainty ranges given in the 2003 Review Panel report are labelled as ‘plausible bounds’. This relatively
narrow confidence interval should be interpreted as only a notional indication of uncertainty around the ‘best
estimate of 12,000 m*/s. A formally derived 90% confidence interval about this design flood estimate would be
expected to be considerably wider.
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Given the large degree of uncertainty with the pre-dam flood estimates at the Port Office site,
it would be highly desirable to make use of all available data for large historical flood events
(including event rainfall data and flood records from other sites) and to check for consistency
between the different sources of information.

2.3 1% AEP flood flows for post-dam conditions

Data

The estimation by WMA (2011) of design peak flows for post-dam conditions is also mainly
based on flood data for the Port Office gauge. The actual flood height observations for
historical floods are supplemented by results of simulation studies of flood events for pre-
and post-dam conditions, apparently mostly sourced from the SKM (2003) report.

Methodology and results

The basic methodology applied by WMA (2011) to account for the flood mitigation effects of
the two dams is to use a graphical approach to derive a relationship between pre-dam and
post-dam flood peaks at the Port Office site, based on the limited data described above.

Figure 2 of WMA (2011) presents some selected results for the flood mitigation effect of
Wivenhoe Dam immediately downstream of the dam, assuming that the dam is at full supply
level at the start of the flood event. Figure 3 uses data from a number of sources to represent
the flood mitigation effect of the two dams on peak flows at the Port Office. The methodology
and assumptions involved in coming up with flood estimates for the pre-and post-dam
conditions are not explained in any detail but it appears that most weight is given to pre-and
post-dam estimates for the 1893 flood event, derived by SKM (2003), and the January 2011
flood event, derived separately by SKM and WMA.

Finally, the conversion of the 1% AEP peak flood estimate of 13,000 m*/s for pre-dam
conditions to an equivalent post-dam 1% AEP peak flow estimate of 9500 m*/s was achieved
by a single step, described very briefly in paragraph 132 of WMA (2011). These results imply
a 27% peak flow attenuation effect of the two dams for the 1% peak flow at the Port Office.

It is considered that the hydrologic basis of this conversion step has not been sufficiently
substantiated in the report. Given the complex array of factors that affect the relationship
between pre-dam and post-dam flood characteristics in the lower Brisbane River, and the
important implications of this conversion step on the 1% AEP flood profile, it should be based
on a comprehensive analysis of how the relationship varies in response to different factors,
and what can be considered to be a ‘typical’ degree of attenuation produced by the adopted
flood operation of the two dams.

Appraisal of post-dam flood estimation results

The 2003 Review Panel report quotes results from DNRM simulations which indicate that the
dams could be expected “to reduce peak flow rates by about 60% on average”. It also noted
that “the model indicates a January 1974 flood attenuation of nearly 50%, with a peak inflow
rate of 10,500 m®s and outflow rate of 5,500 m®s”. The 2003 Review Panel also took into
account the results of the RAFTS model simulations by SKM for the pre- and post-dam
conditions and concluded that “under post-dam conditions the Panel would expect Q100
flows downstream of Wivenhoe dam to be of the order of 50% of those under pre-dam
conditions”.

From basic hydrological considerations and experience gathered from other major dam
systems, it can be expected that the potential flood attenuation effect (% reduction in peak
flow) of Wivenhoe and Somerset Dams is generally largest for small to moderate floods and
reduces with increasing flood magnitude (flood volume). However, the large degree of
variability in the factors that determine the magnitude and frequency of floods for the post-
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dam situation (see Table A1 in Appendix A to this report for a summary of these factors)
means that the relationship between pre- and post-dam peak flows will be a complex one,
characterised by a large degree of scatter around any trend line. The relationship also
depends on the assumed operating rules for the dams under major flood conditions.

Figure 2 gives a qualitative indication firstly of the possible range of attenuation by the two
dams, from no attenuation when a flood is generated essentially in the parts of the catchment
below Wivenhoe Dam, to virtually full attenuation when the flood is generated in the parts of
the catchment above Wivenhoe Dam and when there is a large storage volume available
relative to the flood volume. Secondly the figure shows a narrower plausible range of
attenuation within which most of the flood events could be expected to fall.

The January 2011 flood appears to lie near the upper end of the plausible spectrum of
variation, where the special characteristics of this event resulted in only a modest degree of
attenuation. At the other end of the spectrum is the February 1999 flood, which resulted in a
substantial inflow to the dams (Appendix D of SKM 2003 shows a simulated pre-dam flood
peak flow of 8400 m*/s at Savages Crossing) but there was only a minor flood recorded
below the Dam. The estimated attenuation associated with the January 1974 event lies near
the middle of the spectrum?.
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Figure 2 Conceptual diagram illustrating the possible and plausible ranges of flood peak
attenuation by Somerset and Wivenhoe Dams

The methodology used in the WMA (2011) report to estimate the post-dam 1% AEP peak
flow at the Port Office is based on very few data points which do not properly account for the
large degree of variability and estimation uncertainty introduced by variations in storm
characteristics and initial catchment/storage conditions. Use of the estimated attenuation
effect for the January 2011 flood event as the main basis for determining the post-dam
1%AEP peak flow and corresponding flood level profile is considered to be arbitrary and
likely to lead to biased flood estimates. Without confirmation from further analysis, the WMA

* In interpreting the estimated attenuation for these historical flood events it needs to be kept in mind that the
results for each event are based on a set of specific assumptions which have not been fully documented. The
estimated attenuation for the 1974 and 1999 events relates to the Savages Crossing site, while the attenuation for
the 2011 event is for the Port Office site.
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(2011) peak flow estimate of 9500 m®/s can therefore not be considered to represent a ‘best
estimate’ of the 1% AEP peak flow for the lower Brisbane River under post-dam conditions.

In my opinion a proper assessment of the likely attenuation effects of the dams on design
floods for the lower Brisbane River system needs to be based on simulation modelling
studies that examine the effects of likely variations in the key flood producing and flood
modifying factors identified in Table A1. The variability effects could be assessed in an
approximate fashion by sensitivity analyses, but preferably in a more formal joint probability
framework, using Monte Carlo simulation methods. Such an approach would also give a
more quantitative indication of the uncertainty in the post-dam design flood estimates.

Alternative estimation approaches

There are also two other approaches available for the estimation of the post-dam flood
frequency curve in the lower Brisbane River:

(i) Adjusting each pre-dam annual flood peak recorded at a long-term gauging site, using a
simulation model of the flood operation of the two dams to reflect the flood mitigation
effects of the two dams, then undertaking a flood frequency analysis of this extended
post-dam flood record. Such an adjusted data series for Savages Crossing was provided
by DNRM and analysed in the SKM (2003) study as Case 4. However, the results of this
analysis were discounted “as the method used [by DNRM] to obtain the adjusted data
series was not assessed by SKM”.

(i) Using a design rainfall based approach to estimate the flood frequency curve for pre-and
post-dam conditions, based on a well calibrated hydrologic model of the catchment and
dam system, combined with a hydraulic river model to route the estimated design flood
hydrograph to the point of interest. This approach was applied in the SKM (2003) study,
using a calibrated RAFTS model of the Brisbane River catchment to Savages Crossing
and a MIKE 11 model to route the flood hydrographs through the river reaches between
Savages Crossing and the Port Office. The rainfall-runoff modelling approach adopted in
SKM (2003) produced a post-dam 1% AEP flood peak estimate at the Port Office in the
range of 5000 to 8000 m*/s, with an adopted ‘best estimate of 6500 m%.s. It was noted in
the 2003 Review Panel report that the flood estimates produced by this approach for the
pre-dam conditions were significantly lower than the estimates from flood frequency
analysis, and future work was suggested to address any apparent inconsistencies in the
results from the two approaches. [Paragraph 138 of WMA (2011) explains this
inconsistency by an apparent underestimation of catchment rainfalls (and consequently
design rainfalls) in the more elevated parts of the Brisbane River catchment.]

Notwithstanding the limitations in the results obtained by SKM (2003) with the application of
the design rainfall based modelling approach, with further development and additional data,
and applied in conjunction with flood frequency analysis for additional validation, this
approach is considered to have the potential to produce more accurate estimates of design
floods in the AEP range from say 2% to 0.5% for the post-dam conditions in the lower
Brisbane River.

2.4 Estimated AEP and ARI of January 2011 flood

The data and flood frequency analysis results presented in Figures 9 and 10 of WMA (2011)
indicate that the estimated AEP of an event similar to the January 2011 flood but occurring
under pre-dam conditions is of the order of 1% (equivalent to an ARI of 100 years).

Given the large degree of uncertainty in the estimation of the 1% AEP flood for post-dam
conditions and the lack of a complete flood frequency curve for these conditions, it is difficult
to assign a reliable AEP estimate to January 2011 flood event. The estimate of 0.83% AEP
(120 years ARI) given in paragraph 133 of WMA (2011) indicates that the frequency of the
post-dam flood is slightly lower than that of the estimated pre-dam flood. This can be

11
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interpreted to imply that the catchment and storage conditions for this event may have been
somewhat more severe than would be expected on average.

The Joint Flood Taskforce report (2011) recommended the use of the January 2011 event as
an interim standard for Brisbane City Council to base its decisions concerning new
development and redevelopment. However, it clearly stated that a precautionary approach
had been used in coming up with this recommendation which should only apply until the
comprehensive flood study it recommended was completed. This interim recommendation
should thus not be interpreted as indicating that the flood flows and levels experienced in the
January flood event represent an accurate and unbiased flood estimate for 1% AEP.

Section 7.2 of the WMA (2011) report gives some information on rainfalls for the Brisbane
River catchment, concentrating on a comparison of the 72-hour 1% AEP design rainfall
estimates with the Seqwater estimates of 3-day rainfalls in the January 2011 event. The
conclusion reached from this analysis is that “on a 72 hour basis the 2011 event upstream of
the dam was slightly larger than a 1% AEP event and slightly smaller than a 1% AEP event
downstream of the dam” (paragraph 139). This conclusion appears to be inconsistent with
the finding in paragraph 133 but the difference can be explained by the influence of the range
of factors that affect the conversion of rainfall inputs to flood outputs, as discussed in Section
2.3 above.

3. Estimation of 1% AEP flood level profile

The estimation of the 1% AEP flood level profile for the lower Brisbane River relies firstly on
the results of the hydrologic methods for estimating flood flows and secondly on the
translation of these flood flows to flood levels at points of interest by means of hydraulic
modelling. My particular expertise is mainly in the area of hydrologic design flood estimation
methods and their application in different practical situations.

My appraisal of the information provided in the WMA (2011) report has concentrated on the
hydrologic aspects of the flood study methodology and the flood flow estimation results. My
comments on the estimation of the flood level profile for the 1% AEP flood are therefore
restricted to aspect that relate to the hydrologic inputs to the flood level determinations and
their expected impacts on estimated design flood levels.

As pointed it out in the section on appraisal of post-dam flood estimation results, the 1%
peak flood estimate for the Brisbane River reach below Mogill is associated with a large
degree of uncertainty that also affects the hydraulic modelling of this design flood event and
the flood level results obtained. The WMA (2011) report does not provide any indication of
the impact of this uncertainty in design flood flows on the estimated flood levels, other than
stating that a 500 m®/s reduction in post-dam peak flows would translate into an approximate
flood level reduction of 0.5m at Mogill and 0.2 m at the Port Office (paragraph 143).

It is also important to recognise that the WMA (2011) hydrologic analysis has been restricted
to the estimation of peak flows for the pre- and post-dam conditions. The routing of flood
flows through the lower reaches of the Brisbane River and the determination of the flood
levels associated with these peak flows is also significantly influenced by the assumed
hydrograph shape and flood volume associated with each peak flow. The WMA (2011) report
does not detail the assumptions made for these flood characteristics or discuss their
influence on the calculated flood levels.
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4.

Conclusion

My appraisal of the flood studies for the Brisbane River reported in WMA (2011) and
comparison with information available from other flood study reports supports the following
main comments:

1.

The terms of reference for the WMA (2011) study appear to have been interpreted
too narrowly to ensure that the estimated 1% AEP flood flows and flood levels are as
accurate as currently available data and methodology allow, so that they can provide
a firm basis for flood risk management decisions with wide ranging implications.

. The 1% AEP peak flow estimate of 13,000 m%s for the Port Office site under pre-dam

conditions is considered to be plausible and broadly consistent with estimates
obtained by other studies but has a very wide margin of uncertainty associated with it.
The WMA (2011) report recognises this uncertainty and suggests additional studies
to improve the rating relationship at the Port Office. To reduce this uncertainty, it
would be necessary to make use of other sources of data for large historical flood
events (including event rainfall data and flood records from other sites) and to check
for consistency between the different sources of information.

The conversion of pre-dam design peak flows to post-dam peak flow represents a
challenging hydrological task, as it has to take account of the likely range of variability
of the flood producing and flood modifying factors that affect this conversion. The
WMA (2011) report does not demonstrate that this variability has been adequately
allowed for in the determination of the post-dam 1% AEP peak flows at the Port Office
site. The report does not include any suggestions for future work to address any
limitations in the method used for this conversion.

The simplifying assumption used in WMA (2011) that the estimated attenuation effect
for the January 2011 flood event is representative of typical conditions is considered
to have introduced significant (high) bias into the estimated post-dam 1%AEP peak
flow and corresponding flood level profile. Without confirmation from further analysis,
the WMA (2011) peak flow estimate of 9500 m*/s can therefore not be considered to
represent a ‘best estimate’ of the 1% AEP peak flow for the lower Brisbane River
under post-dam conditions.

For a more defensible estimate of the 1% AEP post-dam flood characteristics in the
lower Brisbane River it will be necessary to use the combined results of a range of
estimation methods based on all the relevant sources of flood data. The methods
applied should include rainfall based design flood simulation for the pre- and post-
dam conditions.

Given the high degree of variability in Brisbane River flood characteristics that can
result from widely varying storm rainfall characteristics and initial catchment/storage
conditions, it would be desirable to examine to what extent the estimation uncertainty
could be reduced by the adoption a joint probability modelling framework (Monte
Carlo simulation), as had been suggested in previous studies and reviews.

. The large degree of uncertainty in the estimated 1% AEP peak flows for the post-dam

conditions can be expected to be carried through into the determination of the flood
level profile for this design flood event. Given the volume-sensitive nature of the lower
Brisbane River system, it would be more appropriate to apply a hydrologic flood
estimation method that produces complete flood hydrographs rather than just peak
flows as inputs to the hydraulic flood level estimation model.
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8. Finally, the outcomes of recent flood studies for the Brisbane River system, including
the WMA (2011) study, appear to have been significantly restricted by the limited
scope of the studies. Given the importance and wide ranging implications of the flood
determinations emanating from the work of The Commission, it is considered
essential that any future studies be given enough scope to adequately address the
complexities of the Brisbane River flooding situation. The outcomes of these more
comprehensive studies would also be helpful in supporting improved decisions on
flood operation and management.
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APPENDIX A
Design flood estimation — matters for consideration

Relationship between design floods and actual flood events

Design flood estimates are probability-based estimates of flood characteristics (flood flows
and flood levels) at specified locations (e.g. along a stretch of the Brisbane River) and for a
specified set of conditions (e.g. the conditions existing in 2011, expected to remain
applicable for the next few years). They reflect the outcomes of complex flood formation
processes over the catchment and flood modification processes as the flood wave (or flood
hydrograph) travels through the river/floodplain/estuary system. Each actual flood event
results from different combinations of these factors within a typical range of variation,
resulting in a large degree of variability in flood characteristics (e.g. flood magnitude,
duration, ‘peakedness’). Design floods should reflect the ‘typical characteristics of floods that
can be expected to occur at specified frequencies (ARIs or AEPS).

Causes of floods and main factors affecting flood characteristics

Table A1 illustrates the main factors that affect the formation and modification of floods, and
how they are concepualised for the estimation of design floods. While there are other
possible causes of floods, for the Brisbane River catchment and the range of flood
frequencies of direct interest here, the principal cause of floods is extended heavy rainfall
over the catchment. Apart from the duration of a storm rainfall event and the total rainfall
depth (average over catchment), the way this total rainfall is distributed in time and how it
varies over the different parts of the catchment are also important in determining the resulting
flood characteristics. The large range of possible flood modifying factors can significantly
increase the degree of variability of flood outputs and adds further complexity to the design
flood estimation problem.

Principal approaches to design flood estimation
The two principal approaches are distinguished by the basic data and methodology they use.

Approach 1: Flood frequency analysis (FFA) is based on statistical analysis of flood
characteristic outputs, generally peak flows.

Strengths:
e based directly on data for flood characteristic at or near the location of interest
e requires few assumptions on how floods have been produced (if catchment and
river conditions have remained relatively unchanged)
e allows relatively simple assessment of uncertainty in flood estimates arising from
variability in data and limited record length (derivation of confidence limits)

Potential weaknesses:

* needs relatively long data records for reliable estimation of larger design floods (at
least 50 years for estimation of 100 year ARI flood, longer for complex systems)

e flood data in record need to be for essentially unchanged conditions or have to be
adjusted to a common set of catchment and river conditions

e adjustments to flood data for changes in conditions may introduce significant
uncertainties into flood estimates (depending on the reliability of the data and
methodologies used for the adjustments)

e extrapolation of fitted flood frequency curves to rarer flood events involves
significant uncertainties

e applied mostly for peak flows — in estuarine flooding situations the influence of
varying flood hydrograph shapes (flood volumes) and tidal conditions may
invalidate the assumption of a one-to-one relationship between flood peak and
flood level (as expressed by a rating curve).
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Table A1 - Factors to be considered in design flood estimation

interest (max. levels)

hydrologic &
hydraulic factors

FACTORS TO BE | EFFECT ON RELEVANCE
ASPECT | CONSIDERED | FLOODS FOR FLOOD
ESTIMATION
Basis for Simulation
® Duration of storm Modelling of Design
event & total event e Size of flood
CAUSE OF Catchment rainfall ® Relative magnitude (banggooCLEtV;trilst:ical
FLOOD Rainfall o Distribution in time & timing of tributa :
Strioution 1 8 Y| analysis of observed
e Distribution in space Sflows storm rainfall
characteristics)
e (Catchment wetness ¢ Proportion of rain
Initial becoming runoff
Catchment e Initial content of dams | ® Flood mitigation
Conditions ¢ Initial condition of potential of storages
floodplains and floodplains
FLOOD ® Major water storage ® Reduced and
development (for water delayed flood peaks . .
MODIFYING supplyp& ﬂoog dowistrﬁzm OJIZ Design assumptions
FACTORS Catchment mitigation) storage hvdrol on flood
(UPSTREAM | Modifications e Major rural land use ¢ Increased runoff y r 0 f’gw 00
SYSTEM) changes e Faster flood modifying factors
e Urbanisation (large response
scale)
River & . Changes. to river & . Chapged ﬂogq
Floodplain ﬂgodp?am morphology routing conditions
Modifications ¢ Riverside development | ® locally changed
® River crossings flood levels
® Changes to river, ¢ Changed hydraulic
River, floodplain& estuary conditions
Floodplain & morphology ® Modified rating
FLOOD Estuary curve (Port Office)
MODIFYING | Modifications ¢ Riverside development | e locally changed Design assumptions
FACTORS flood levels on
(DOWN- e Tide/flood hydraulic flood
STREAM e Astronomical tides interactions modifying factors
SYSTEM) Tidal Boundary | ¢ Tidal anomalies ® Modified rating
Conditions (effects of wind, curve (Port Office)
waves, air pressure) e Raised flood levels
(lower system)
Flood flows at key Result of hydrologic | Basis for hydrologic
Flood points (esp. peak flows) factors (1nﬂuenced by flood freql.lency
FLOOD Characteristic hydraulic factors) analysis
OUTPUTS . Combined result of .
S Flood levels at sites of Directly observed

flood data

Note: Factors affected by the highest degree of variability are shown italics
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Approach 2: Rainfall-based design flood estimation by simulation of the flood formation and
flood modification processes
Strengths:

e Dasic probabilistic input: generalised design rainfall data which are based not just
on rainfall data from the catchment of interest but also other catchments in the
region — this allows more reliable extrapolation to rare events

e rainfall data for historic events are less affected by changes to catchment
conditions than flood data

o flexibility to reflect various changes in catchment, storage and river conditions in
hydrologic simulation model

e produces complete flood hydrographs — required in volume sensitive systems
(where storage and tidal impacts play an important role in determining flood
levels)

e can be used in a complementary fashion to flood frequency analysis

Potential weaknesses:

e quality of calibration/validation of simulation models depends on availability of
concurrent storm rainfall and flood data for a range of flood events

e available rainfall data may give only an incomplete picture of the actual rainfall
variation over the catchment

® requires a range of assumptions on flood modifying factors to ensure that design
rainfall inputs are converted to design flood outputs of corresponding ARI or AEP
(‘probability neutral’ conversion)

e quantification of uncertainties (confidence limits) not part of standard procedures
(some indication of uncertainty from sensitivity analyses)

To allow best use of all available forms of flood data relevant to a particular catchment
system, it is desirable to use both approaches in a complementary fashion. Where possible,

design flood estimates for the catchment of interest should also be assessed for
consistency/compatibility with design flood estimates for similar catchments in the region.
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PURPOSE AND SCOPE OF THE REPORT 1-1

1 PURPOSE AND SCOPE OF THE REPORT

This report has been prepared by Neil Collins. A copy of his CV is included as Appendix A.

This report describes my desktop review of a report prepared by Mark Babister of WMA Water dated
18 September 2011 for the Queensland Floods Commission of Inquiry (Brisbane Frequency Report).
The review is limited to those aspects of the Brisbane Frequency Report that are of relevance to
flooding in Ipswich City, i.e. Brisbane River flooding of Redbank and Goodna. In the time available
for the review, | have been unable to fully test the conclusions reached by WMA Water.

In my opinion, it is premature for WMA Water to reach the conclusions they have (specifically
paragraph 145 where the 1% AEP flood flow of 9500m*/s is adopted, and paragraph 146, where the
1% AEP flood line is said to be 1m higher at the Port Office and 3m higher at Moggill than previous
estimates) because those conclusions are not underpinned by a consideration of all relevant factors.
The analysis conducted by WMA Water:

(@) Is reliant on a single point flood frequency analysis that is itself subject to considerable
uncertainty;

(b) Does not incorporate a probabilistic framework to assess natural variability across the catchment;

(c) Does not use both the statistical flood frequency analysis and simulation modelling of design
flood events as previously used and recommended by independent expert panel reviews *; and

(d) Most importantly, the analysis has been prepared in isolation of the Wivenhoe and Somerset
Dams Optimisation (WS DOS) study that is underway, and these works need to be completed
before definitive conclusions of event frequency and the ARI 100 year flood line are reached.

The WS DOS study will carry out flood frequency analysis for several gauges, will update hydrologic
and hydraulic models and will use these models to conduct simulation modelling of design flood
events as a cross-check on the frequency analyses. In order to update the hydrologic and hydraulic
models, new bathymetric survey is required of the river system, as significant scour and siltation
occurred during the January 2011 flood event. WMA Water has relied on the existing MIKE11
hydraulic model to translate flood levels for the ARI 100 year event along the river despite significant
discrepancies between actual and predicted flood levels for the January 2011 event having already
been identified (WMA Water's July 2011 ‘Review of Hydraulic Modelling’ Report).

Given that flood frequency analysis has not been carried out for other gauges and that simulation
modelling of design flood events as a cross-check has not been completed, there is a high level of
uncertainty with the conclusions drawn because additional work could affect the accuracy of
conclusions.

On 13 October 2011 the Commission provided Ipswich City Council with a Report by WMA Water on
Ipswich Flood Frequency Analysis. This report does not address the Ipswich Flood Frequency
Analysis Report. However, WMA Water has made comment on flooding from Brisbane River in

! Independent Review Panel ‘Review of Brisbane River Flood Study, to Brisbane City Council September
2003, and ‘Joint Flood Taskforce Report’, to Brisbane City Council, March 2011
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Redbank and Goodna, within Ipswich City and therefore we provide comment on this aspect of the
Brisbane Frequency Report.
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GENERAL REVIEW 2-1

2 GENERAL REVIEW

My general review comments regarding the Brisbane Frequency Report are as follows:

1

The results of the frequency analysis are related only to Brisbane River flooding in Brisbane City
and are specifically related to the Port Office Gauge. As such, it is of relevance to sections of
Ipswich that are immediately adjacent to the Brisbane River. To translate the Port Office Gauge
findings to Redbank and Goodna, WMA Water has relied on the existing MIKE11 hydrodynamic
model, which is recognised from their July 2011 ‘Review of Hydraulic Modelling’ Report to have
a number of limitations and inaccuracies (refer Chapter 4).

WMA Water's Flood frequency analysis is based on the Port Office gauge in Brisbane. Whilst
this gauge has over 170 years of record, there are many reasons why the use of this gauge has
associated with it a considerable degree of uncertainty in results (refer paragraph 113 of the
Brisbane Frequency Report). These include river changes including dredging, the extent and
timing of dredging, removal of bars, and the construction of Somerset and Wivenhoe Dams. So
whilst WMA Water concludes that the January 2011 flood event was a 1 in 120 year event for
the current situation, the uncertainty based on 90% confidence limits (e.g. Figure 9 of the
Brisbane Frequency Report) means that it could have been anything between a 50 to 100 year
event, up to greater than a 200 year event but less than a 500 year event. This is before
uncertainties of changes in river bathymetry and changes in catchment land use are taken into
account.

River dredging was and still is carried out for shipping navigation. Both capital dredging to
increase draft, and regular maintenance dredging has been carried out progressively, since the
1860's. In my view, it would be impossible to determine the exact river bathymetry at the
commencement of specific flood events, because of the limited bathymetric survey available,
and because the extent of siltation is unknown. In relation to the effects of both Somerset and
Wivenhoe Dams on flood mitigation, it is not clear how the analysis has been adjusted for the
flood mitigation effects for the period when Somerset Dam was in place, prior to the
construction of Wivenhoe Dam.

The relevance of the results to Ipswich City are dependent upon the MIKE11 model used,
which has considerable uncertainty (and is unsuitable for reliable level and flow predictions
upstream of Moggill River). | discussed these limitations in Chapter 4 of my report included as
Appendix B and these are summarised as follows. WMA Water also has identified
shortcomings of the MIKE11 model in their July 2011 Report (Chapter 4).

¢ Floodplain representation with artificial vertical wall sections is poor in places.

e Channel roughness representing vegetation cover is abnormally high and unrealistic.
e Less than desirable model calibration to historic events.

e Lumping of catchments upstream of Mt Crosby.

e Over-prediction of Brisbane River flood levels.

e Under-prediction by one metre of flood levels in Ipswich CBD.

¢ Inadequate modelling of the Bremer River.
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5 Paragraph 146 of the Brisbane Frequency Report says that the 1% AEP (Q100) flood line is
approximately 3 metres higher at Moggill and one metre higher at the Port Office than previous
estimates. WMA Water has not commented on many anomalies between the previous ARI 100
year flood line and the January 2011 flood slope. Whilst in many places the January 2011 level
was higher than the previous ARI 100 year flood level, there are some places where it is either
much higher or lower, which may be due to changes in bathymetry, effects of new bridges and
effect of tide and tailwater conditions. These discrepancies are discussed in Brisbane City
Council’'s ‘Joint Flood Taskforce Report’ of March 2011 (Section 2.2.3, 4™ dot point). Changes
to river bathymetry may have been substantial, and require re-survey and revision of the
hydraulic model to provide accurate predictions along the river. This work is to be undertaken
as part of WS DOS study. The MIKE11 model also uses bathymetry from a variety of sources
all of which predate the January 2011 flood which changed the river bathymetry. The report
would benefit from a comment on these factors.

6 Paragraph 147 of the Brisbane Frequency Report says that there is major uncertainty in the
rating relationship at the Port Office gauge. This conclusion is supported, in terms of
uncertainty. In relation to improving the Port Office rating, it is difficult to see how the
uncertainties discussed above can be significantly reduced, but a review as proposed is
supported.

7  WMA Water relies on statistical analysis of a single gauge at the Brisbane Port Office to predict
the frequency of the January 2011 flood event, and as the basis of ARI 100 year flood
predictions along the river including at Redbank and Goodna.

Previous estimates were based on two methods being statistical flood frequency analysis of a
number of gauges, and simulation modelling of design flood events (refer Independent Review
Panel Report, 2003 and Joint Flood Taskforce Report, March 2011). In particular, Savages
Crossing Gauge data was the focus of flood frequency analysis.

In order to reduce the considerable uncertainty in WMA Water's predictions, further work is still
necessary, both for additional gauge flood frequency analysis, and for simulation modelling of
design flood events. The current WS DOS study is intending to carry out this additional work,
and will address a number of specific recommendations from the Floods Commission Interim
Report recommendation.

In my opinion, it is not appropriate to rely upon the findings of WMA Water unless they are
verified and supported by the further additional work needed. WMA Water's conclusion in
paragraph 146 should be qualified in terms of uncertainty bands. An example of an error on
existing ARI 100 year flood level estimates is in the upper river reaches, including Mogagill,
Redbank and Goodna (refer Chapter 3 of this report), with previous level estimates being over a
metre higher.

WMA Water has also not stated why they do not agree with the detailed reviews by recognised
experts in the 2003 Independent Review Panel Report, or in the March 2011 Joint Flood
Taskforce Report.

8 WMA Water has previously concluded in their report to the Commission in May 2011 that there
should not be reliance on a single design hydrograph to determine flood frequency ‘but rather a
probabilistic framework that incorporates the natural variability of key characteristics from
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observed storms/floods’. This suggests that WMA Water supports the need for two methods of
analysis.
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3

REVIEW OF ASSESSMENTS OF REDBANK AND GOODNA BRISBANE
RIVER FLOODING

Because of all the uncertainties identified, the following is an example of differences identified
between WMA's assessments and information from Ipswich City Council.

In Figure 12 of the Brisbane Frequency Report, WMA Water shows what they refer to as ‘Existing 1%
AEP Design Level — 2011 Review Panel’ levels for two properties at 13 Bridge Street, Redbank and
on the corner of Ryan Street and Woogaroo Street, Goodna, which are located in the area of the City
of Ipswich. It is not clear from the Report how the plotted levels have been derived as the March
2011 Joint Flood Taskforce Report (which appears to have been used to identify the existing 1% AEP
Design Level) does not include reporting at these locations. It is probable that interpolation has been
used, but this should be explained more clearly in the Report.

Figure 12 of the Brisbane Frequency Report also shows surveyed and MIKE11 estimated levels for
the January 2011 flood event for these sites.

Figure 13 shows the Figure 12 data plus WMA Water's estimate of the 1% AEP design level based
on the WMA Water flood frequency analysis at the Brisbane Port Office gauge.

Advice from Ipswich City Council is as follows:
1. 13 Bridge Street, Redbank
1% AEP: 15.33m
2011 flood level: 16.8m
1974 flood level: 19.22m
2. 20 Woogaroo Street (Cnr Ryan Street and Woogaroo Street), Goodna
1% AEP: 14.78m
2011 flood level: 16.92m
1974 flood level: 17.67m
Extracts of Council’s flood maps which supplement this data are included in Appendix C.

Set out below are two Tables which compare the levels determined by WMA Water and referred in
the Brisbane Frequency Report for the Ipswich properties to the levels that have been advised by the
Council.
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13 Bridge Street, Redbank

Flood Event Ipswich City Council Flood WMA Water * Plotted flood
Level (mAHD) level (MAHD)
1% AEP 15.33 14
Recorded 2011 peak flood level 16.8 17.55

* Estimated from Figure 13, WMA Water, September 2011

20 Woogaroo Street, Goodna

Flood Event Ipswich City Council Flood WMA Water * Plotted flood
Level (mAHD) level (MAHD)
1% AEP 14.78 13.2
Recorded 2011 peak flood level | 16.92 16.85

* Estimated from Figure 13, WMA Water, September 2011

From the above, it can be concluded that:

1. The existing 1% AEP Design Level used by WMA Water for the two Ipswich properties is over
one metre lower than the 1% AEP design levels as advised by Ipswich City Council.

The 2011 surveyed flood level for the Bridge Street property do not accord with Ipswich City
Council’s reported level.

Given the 90% uncertainty range in the determination of the 1% AEP flood estimate by WMA
Water, too great a reliance may be placed on the WMA Water 1% AEP design level line. | am
strongly of the view that further review ought to be carried out before any conclusions as to the
accuracy of the existing Council 1% AEP design levels are reached. In particular, the WS DOS
study needs to be completed and the results considered.

Traditionally, the 1% AEP flood line has relied on the results of combined hydrologic and dynamic
hydraulic flood modelling using historic and theoretical design storms rather than placing sole
reliance on a statistical analysis of a single gauge. Hence, the WMA Water 1% AEP flood
estimates require testing against refined hydrologic and hydraulic modelling results. The
refinement of these models has already been recommended by the Commission.
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4 LIMITATIONS OF THE REVIEW

This review is based solely on the published report and | have not had the opportunity to review the
data relied upon.

The assumptions made by WMA Water for the actual state of the river, in terms of bathymetry on an
annual basis over 170 years, and also how the impact of first Somerset Dam and then Somerset and
Wivenhoe Dams were addressed, is critical to the conclusions made.
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A part of BMT in Energy and Environment

Nelil lan Collins

Position Principal Hydraulic Engineer — Expert Services
Years of 32
Experience

Professional PIANC
Affiliations NPER-3
RPEQ

Qualifications Master of Science Engineering, University of
Queensland

Bachelor of Engineering (Civil) University of

Queensland
Recent 2010 to Present
Employment  BMT WBM Pty Ltd — Principal Hydraulic Engineer
Profile - Expert Services

2007 to 2010
Gilbert & Sutherland Pty Ltd — Principal Hydraulic
and Water Resources Engineer

2004 to 2007
Cardno Lawson Treloar — Director, Queensland

Manager Areas of Expertise

1993 to 2004
Lawson Treloar - Director

Hydraulics, Hydrology and Water
Resources

Career Overview - .
. . i . Provision of Expert Witness
Neil is BMT WBM'’s Principal Hydraulic Engineer; part of the Services in Flooding

Expert Services team, based in the Brisbane office. He has 31 Stormwater, Quality Control and
years experience and is an acknowledged expert in the P+E, Coastal Engineering

Land Court and Supreme Court of Queensland in flooding, water
quality and coastal processes. He was also the independent
hydraulic expert to the Queensland Government for the North
Bank project. Neil has worked on major infrastructure projects as
an Hydraulic Specialist including Sydney Third Runway, Sydney
Harbour Tunnel, Gateway Bridge and Arterial and several coal
ports in Queensland and in Indonesia, power stations in
Queensland and Thailand, hydro-electric schemes in PNG and
port dredging management at Cairns, Townsville, Weipa and
Mackay.




Summary of Major Projects

» Lauderdale Quay, Hobart — Coastal Hydraulics, Water Sediment Quality for IIS on a Major Marina
Residential Reclamation Project.

* Brisbane Airport - International Terminal Drainage Design.

» Sydney Harbour Tunnel - Hydraulics Engineer for Immersed Tube Tow and Placement.

e Sydney Third Runway - Hydraulic Model Testing, Sea Wall Design and Environmental
Management.

» Gateway Arterial - South East Freeway to Lytton Road - Civil and Hydraulic Design Manager.

« Gateway Bridge - Hydraulics and Approaches Services Relocations.

 Trade Coast Central - Flooding Review for BCC.

* Oak Flats to Yallah RTA Freeway Hydraulics.

» Kedron Brook Flood Impacts due to Airtrain.

* Tully and Murray River Floodplains Hydraulic Analysis and Modelling, for Drainage Scheme Design
includes Large MIKE11 Modelling, with over 40 Bridges and 200 Channels.

« Expert Review - Mossman Daintree Road, Saltwater Creek Crossing: Independent Review of the
Hydraulic Design of two Large Bridges.

* Hydraulic Design of Rock Armouring Works for the Barron River Bend at Cairns Airport.

« Eastern Corridor Study - Hydraulics and Hydrology investigation for Department of Transport.

* Relief Drainage Scheme Design for Albion Windsor Area Brisbane (Capital cost $2 million).

e Tarong Power Station - Design of Earthfill Dam (max. 23m height), Ash trench, Stormwater
Diversion Channels.

Professional History

BMT WBM Pty Ltd

Principal Hydraulic Engineer providing expert witness services in flooding, stormwater, quality control and
coastal engineering.

2010-2011: Over 25 appeals completed or still in progress

2010-2011: Flooding Commission of Inquiry — Technical expert for LGAQ and Ipswich City Council
2010-2011: Cairns Airport — Review of Airport Flood Immunity and Risk

Gilbert & Sutherland Pty Ltd

Wet ‘n” Wild, Sunshine Coast — site and soil assessments, input to and review of AGE groundwater
assessment, conceptual stormwater quality assessment, hydraulic and flooding assessments including
yield, medli modelling for onsite and input to S&B water balance, contamination investigation.

« Stockland, Twin Waters — Flooding Assessment

« Mackay Boat Harbour — Wave Investigation

« Bourton Road, Alkira — Flooding and Stormwater Management Plan

« The Glades, Robina — Water Quality Compliance and Inspection Report

Expert Services:

2007: Truloff Pty Ltd -v- Gold Coast City Council

2008: Jimboomba Turf Co Pty Ltd -v- Logan City Council
2008: Lechaim -v- Gold Coast City Council

2008: Sunnygold International Pty Ltd -v- Brisbane City Council
2008: Bon Accord -v- Brisbane City Council

2008: Blue Eagle -v- Beaudesert Shire Council

2008: Brian Paddison -v- Redland Bay Shire Council

2008: Monarch Nominees -v- Brisbane City Council

2008: Kunda Park Pty Ltd -v- Maroochy Shire Councll

2008: Owl Projects & Hyder -v- Gold Coast City Council

2008: Port Pacific Estates Pty Ltd -v- Cairns Regional Council
2008: Joanne Shepherd & Ors -v- Brisbane City Council

2009: Lenthalls Dam, Hervey Bay

2009: Testarossa -v- Brisbane City Council

2009: Heritage Properties & Ausbuild -v- Redland City Council
2009: Samantha Skippen -v- Miriam Vale Shire Council

2009: Anthony Wan Pty Ltd -v- Brisbane City Council

2010: Over 25 appeals in progress this year
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Professional History (cont)

Cardno Lawson Treloar
Sovereign Waters, Wellington Point - flooding, tidal exchange and water quality management.

EMP Water Quality Management Plan preparation and site stormwater management, including
hydrodynamic, advection/ dispersion and catchment pollutant yield modelling for:
« Emerald Lakes Project, Carrara

» Glenwood Estate, Mudgeeraba

* 'The Glades' (Greg Norman Design Course), at Robina

* Sovereign Waters, Wellington Point

* Pacific Palisades, Gavin

» Freshwater Valley Estate, Cairns

« Carrara Golf Course Re-development, Carrara

» The Broadwater Development, Mudgeeraba

* Over a Dozen Major Residential Development Projects.

* Full Two-dimensional (MIKE 21) Floodplain Modelling for Cairns Airport Inundation, Nerang River
Floodplain and Martins Creek, Maroochydore.

* Noosa River System Flood Study: Includes full G.1.S. Interfacing, Colour Inundation Plan Production and
MIKE11 Modelling.

« Detention Basin Design for Development Consulting, Calamvale, Brisbane: Hydrologic and Hydraulic
Design using RAFTS.

 Hydraulic and Water Quality Design, Lucinda Drive Main Drain, Port of Brisbane, including Catchment
Pollutant Runoff Management.

* Moreton Bay College Flood Investigation: MIKE11 Analysis of Flooding, Including Culvert and Channel
Diversion Options.

« Input on EIS Report on Water Quality for Freshwater Valley Development, including EMP.

» Townsville Port Road and Rail Access Study - Hydraulics.

 Freshwater Creek Flooding, for Main Roads, included Bridge and Culvert Sizing and Positioning of
Channel Training Works. (RORB/RUBICON).

« Mountain Creek Flooding Investigation Examination of 1992 Floods using detailed Hydrologic/Hydraulic
Modelling and Design of Mitigation Works.

Expert Services:

2004: T.M. Burke Appeal

2004: East Point Mackay

2004: Dore Appeal

2004: 900 Hamilton Road, McDowall

2004: Milton Tennis Centre

2005: P&E Appeal Mount Samonsvale

2005: BCC & George Pasucci

2005: P&E Appeal 48 Comley Street Sunnybank
2005: P&E Appeal 398 Wondall Road, Tingalpa
2005: Cabbage Tree Creek Appeal

2006: 35 Suscatand Street, Rocklea Appeal
2006: Leong - v- Redland Shire Council Appeal
2006: Barry Hilson & Bach Pty Ltd - v- GCCC Appeal
2006: 57 Longhill Road Appeal

2006: 699 Bargara Road Appeal

2006: Chevellum Road Appeal

2006: 10 Karridawn Street, Nudgee Appeal
2006: Australian Hardboards Limited Appeal
2006: Dell Road and Hawkin Drive, St Lucia Appeal
2006: 106 Munro Street, Auchenflower Appeal
2006: 10 Adsett Road, P&E Appeal

2006: Saunders Creek Appeal

2006: 64, 70 & 74 Washington Avenue, Tingalpa
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Professional History (cont)

Lawson Treloar
* Coastal Data Gathering and Analysis for Projects in Bali, Lombok and Malaysia.

« Pandorah Gas Project, Gulf of Papua. Neil was Responsible for Project Management of all Coastal
and Oceanographic Aspects of this Project, including Preparation of the Relevant Components of
EIS. This included Extreme Climate, Wind/Wave and Current Modelling.

Chevron PNG to Cape York Gas Pipeline Project, Gulf of Papua

Neil Carried out Project Management for all Coastal/Oceanographic Components of this Project,
including:

» Wind/Wave Modelling

» Extremal Climate

* Bed Current Prediction

* Kumul Platform Berthing

» Endeavor Passage Landfall

» Wave, Current and Wind Data Gathering.

« Tidal Lagoon, Breakwater/Groynes, Water Quality and Quantity Management at Pecatu Indah  Resort,
Lombok.

» Marina and Reclamation, S-W Bali, (Putri Nyale) including Coastal Investigations and Hydraulic Design
of Breakwaters and Revetments.

» Sediment Sampling and Monitoring Program for the Albatross Bay Dumpsite, Weipa, for Dept. of
Transport. Job Manager for this Investigation which includes Monitoring of Movement of Material
Following Dumping, and its Impact on Water Quality and Benthic Communities.

« Wellington Point Canal Estate - Coastal Hydraulic Investigation of Proposed Marina and Dredged
Channel.

* Weipa, Embley Inlet Environmental Monitoring: Review and Planning for Long Term Monitoring and
Assessment of Water Quality (for Comalco).

« Full 2D flooding assessments for Dept of Main Roads using MIKE 21 on Yarrabah, Cairns and Warrego
Highway at Marburg.

« Current Profiling, Warrego River (1994).

« Sovereign Waters, Wellington Point - Flooding, Tidal Exchange and Water Quality Management.

« Responsible for all Flood and Water Quality aspects for several Gold Coast Projects, including Emerald
Lakes, Nifsan's Glenwood and Broadlakes, including Lake, Wetland and EMP Design.

e Stream Diversion, including Sloping Drop Structure, Hydraulic Design, at ‘Coops’ Development,
Brisbane (1993).

< Northumbria Lakes Estate, Flooding, Drainage, Gross Pollutant Trap and Trash Rack Modelling and
Design (1994).

e Barron River Delta Prawn Farm LA.S., including Flooding and Water Quality Monitoring and
Modelling, using MIKE11 (1995).

e Hydraulic Manager for Cairns Airport Master Drainage Study, 1995, including Complex
Hydrodynamic Flow and Catchment Management Analysis.

Expert Services:

1993: for Mulgrave Shire Council; Land Resumption Compensation Case in Land Court. (Flooding)

1993: for Mulgrave Shire Council; Development Appeal (Kamerunga Villas) in Planning and
Environmental Court. (Flooding)

1994: for Pullenvale Residents Action Group, on Rezoning Appeal. (Flooding and Water Quality)

1994: for Development Consulting, on Rezoning Appeal for a Development with a Large Detention
Basin at Calamvale. (Flooding and Drainage)

1994: for an Earthworks Contractor Regarding a Disputed Claim Over Levee Bank Construction at
Mungindi. (Flooding)

1995: for a Developer on Bohle River Works. (Flooding and Water Quality)

1995: for Residents on Flooding, Murrumba Downs. (Flooding)

1995: for Residents on Flooding, Dayboro. (Flooding)
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Connell Wagner

« Current Profiling, Warrego River (1994).

« Sovereign Waters, Wellington Point - Flooding, Tidal Exchange and Water Quality Management.

« Responsible for all Flood and Water Quality Aspects for several Gold Coast Projects, including
Emerald Lakes, Nifsan's Glenwood and Broadlakes, including Lake, Wetland and EMP Design.

e Stream Diversion, including Sloping Drop Structure, Hydraulic Design, at ‘Coops’ Development,
Brisbane (1993).

« Northumbria Lakes Estate, Flooding, Drainage, Gross Pollutant Trap and Trash Rack Modelling and
Design (1994).

e Barron River Delta Prawn Farm LA.S., including Flooding and Water Quality Monitoring and
Modelling, using MIKE11 (1995).

e Hydraulic Manager for Cairns Airport Master Drainage Study, 1995, including Complex
Hydrodynamic Flow and Catchment Management Analysis.

e Tarong Power Station. Design of earthfil dam (max. 23m height), Ash trench, Stormwater
Diversion Channels.

« Callide B Power Station. Evaporation Ponds Simulation; Hydraulic Design and Stormwater Bypass
Channel. Design of (25m) Ash Dam.

» Hay Point Multi-User Coal Export Facility. Design of Dams, Stormwater Drainage, Water Supply and
General Civil.

» Townsville Container Terminal. Design of Stormwater Drainage and General Civil.

« Abbot Point Coal Terminal. Design of an Offshore Causeway.

« Subdivisional Design and Supervision, on over a dozen Projects.

* Bulk Sugar Terminal - Brisbane. Feasibility Studies, including Flooding.

* Gladstone Power Station. Ash Handling including Piping.

« Stanwell Power Station. Design Check on General Civil.

« Patrick Container Terminal - Port of Brisbane. Flooding and General Civil.

Expert Services:

1993: for Mulgrave Shire Council; Land Resumption Compensation Case in Land Court. (Flooding)

1993: for Mulgrave Shire Council; Development Appeal (Kamerunga Villas) in Planning and
Environmental Court. (Flooding)

1994: for Pullenvale Residents Action Group, on Rezoning Appeal. (Flooding and Water Quality)

1994: for Development Consulting, on Rezoning Appeal for a Development with a Large Detention
Basin at Calamvale. (Flooding and Drainage)

1994: for an Earthworks Contractor Regarding a Disputed Claim Over Levee Bank Construction at
Mungindi. (Flooding)

1995: for a Developer on Bohle River Works. (Flooding and Water Quality)

1995: for Residents on Flooding, Murrumba Downs. (Flooding)

1995: for Residents on Flooding, Dayboro. (Flooding)
Expert Services for Phillips Fox; Caboolture Shopping Centre Extension Appeal in Planning
and Environment Court. (Flooding)
Expert Services for Mulgrave Shire Council; Land Resumption Compensation Case in Land
Court. (Flooding)
Expert Services for Mulgrave Shire Council; Development Appeal (Kamerunga Villas) in
Planning and Environmental Court. (Flooding).
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Papers/Publications

May 2007 QELA Conference Presentation — The Approval and Appeal Process in QLD and NSW,
Experts view on soil and water issues.

Nov 2004 Publication - ‘Application of Australian Runoff Quality Draft Chapter 6 — A model approach’,
Water Sensitive Urban Design Conference, 2004, Adelaide.

Jul 2004 ‘Integrated High Order Water Quality and Hydrodynamic Analysis', 8th National Conference on
Hydraulics in Water Engineering, July 2004.

Nov 2002 Publication - ‘Hervey Bay Storm Surge’, 30th PIANC Congress, Sydney 2002.

Nov 2001 ‘The Use of Runoff Event Monitoring in Validating Sediment Control Measures’, 9th Annual
Conference, International Erosion Control Association, Nov 2001.

Nov 2001 ‘Specialist 2D Modelling in Floodplains with Steep Hydraulic Gradients’, 6th Conference on
Hydraulics in Civil Engineering, Nov 2001.

Mar 2001 ‘Planning Implications of New Technology in Floodplains’, RAPI Conference, Gold Coast, 2001.

Nov 1999 'Best Management Practices for Water Quality Control', and 'Zero Flooding Impact
Assessments; the need for full two dimensional analysis', 8th International Conf. on Urban Stormwater
Drainage, 1999.

Jul 1999 'Desktop Ship Simulation for a new Port Facility in The Gulf of Papua’, Coasts and Port '99.
Mar 1997 ‘Implications of the Nifsan -v- G.C.C.C. ruling on floodplain hydraulics’, QId Envir. Law Assoc.,
1997.

Jul 1994 'What the Community Needs to Know — Approaches to Community Construction for Water
Engineering Projects’, |.E. Aust., Queensland Division, 1994.

Nov 1993 'Hydraulic Assessment of Floodplain Development: Case Studies', The Institute of Municipal
Engineering, Goondiwindi, 1993.

Jul 1993 'Long Term Environmental Planning — Weipa Port Dredging’, 11th Australasian Conf on Coastal
and Ocean Engineering. Townsville, 1993.

Mar 1993 Integrated Hydrologic and Hydraulic Modelling', WATERCOMP '93. The Second Australasian
Conference on Technical Computing.

Mar 1992 'Russell and Mulgrave River Catchment Management', Invited Guest speaker for Queensland
River Trusts Conference, Cairns, 1992.

Nov 1990 'Recent Studies of Port Dredging and Offshore Spoil Dumps', Third Australasian Port and
Harbour Conference 1990, IE Aust.

Aug 1990 'Barron River Airport Bend Study - An Exercise in Joint Numerical and Physical Modelling',
Conf. on Hyd. in Civil Eng., 1990, IE Aust.

May 1989 'Comparison and Evaluation of Current Dynamic Flow Models', WATERCOMP '89. The First
Australasian Conference on Technical Computing in the Water Industry, Melbourne, 1989.

May 1989 Publication - Dynamic Flow Modelling : Comparison and Evaluation of Current Models - final
Report', ACADS International publication No. U-249, May 1989.

May 1988 'Comparison of Dynamic Flow Models', ACADS 2D Modelling of Flood Plains, Melbourne,
1988.

Jun 1985 'ACADS Project on Comparison of Unsteady Flow Models', ACADS workshop, Brisbane 1985.
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PURPOSE OF THE REPORT 1-1

1 PURPOSE OF THE REPORT

This report updates and replaces our 12 September 2011 report. The report corrects minor
referencing and grammatical errors, and corrects some factual matters detected in review. Additional
comment has also been added in relation to recommendations. The report has been prepared to
provide a technical review of a report dated 28 July 2011 by Mark Babister of WMA Water for the
Queensland Floods Commission of Inquiry, entitled ‘Review of Hydraulic Modelling’ (WMA, 2011).
That report was prepared for the Commission to answer four specific questions related to the
operation of Somerset and Wivenhoe Dams and the January 2011 floods.

In preparing his report, Mr Babister has relied on hydrologic and hydraulic models supplied by Sinclair
Knight Merz (SKM), hence, we provide technical review comment on relevant components of the
associated SKM report of August 2011 (SKM, 2011).

On 3 August 2011, the Floods Commission wrote to Ipswich City Council inviting comment from
Council on the WMA Water and SKM reports. This review is intended to assist Ipswich City Council
in providing a response to that request.

Hydrologic (URBS) and hydraulic (MIKE11) model files to allow us to complete a review were
provided in late August 2011.

In conducting this review, we have focussed on issues of relevance to flooding the Ipswich City area.

To that end, additional information on flooding in Ipswich and of specific interest to Ipswich has been
extracted from the previous work by Mr Babister, SEQ Water and SKM. A further hypothetical dam
release option has also been analysed beyond those considered by SKM or Mr Babister, being a
delayed release 12 to 24 hours later than actually occurred in the January 2011 floods. Such a
strategy is not possible without enlarging the dam and was only carried out to determine whether a
delay in releases from the dam could have a significant effect on flooding in Ipswich.

This report is not intended to be critical of actual releases made by SEQ Water, or of the hydrologic
or hydraulic analysis by SEQ Water, SKM or WMA Water. It must be stressed that the presence of
Wivenhoe and Somerset Dams prevented a much more severe flood occurring in the Brisbane River
and in Ipswich City. Also, had the Strategy W4 not occurred when it did, a much larger flood could
have also occurred, due to fuse plug spillways being activated.

The aim of this report is that, by focussing on Ipswich City flooding and results of the recent analysis
work post the floods, a greater understanding of what affects flooding in Ipswich, and on what flood
modelling predictions are based, may be achieved. This should assist in future reviews of the flood
warning and flood management systems and approach, within the tight limitations of actual dam flood
storage capacity and capability and operating rules. Flood warning, including the interpretation of
forecasts into predicted impacts and appropriate responses, is of major importance to Ipswich City
Council.

Limitations in the flood modelling tools have already been identified by others, and this report looks
closely at whether additional limitations in relation to Bremer River flood predictions can be identified.
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2 SPECIFIC QUESTIONSB YTHE COMMISSION CONSIDERED BY
WMA WATER

Section 2.1 of WMA Water's report details the scope of work, as reproduced below:

18 WMA Water's work scope is defined by a letter from the Commission dated 17 June 2011 (ref:
DOC20110617), as quoted below:

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

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

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

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

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

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

Please also provide a detailed explanation as to the limitations upon any results which you
may obtain using the model.
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3 SPECIFIC ISSUESFOR IPSWICH CITY ARISING FROM THE
REVIEW

The specific issues for Ipswich City, which we have considered in this Review, are as follows:
1.  Timing of dam releases as it may affect flooding in Ipswich and Bremer River flooding.

2. How satisfactory is the calibration of the models are for Lockyer Creek and the Bremer River
and therefore how reliable are the predictions in the WMA report for Ipswich City.

3.  The benefits or disadvantages of alternative dam operating strategies for Ipswich, such as
avoiding coincident Wivenhoe Dam release peaks with Bremer River peaks in Ipswich.

4.  Why the release strategies for Wivenhoe Dam were not adjusted when assessing the 75% full
supply level strategy and what effect such an adjustment would have had on flooding in Ipswich
and Bremer River flooding.
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4

4.1

REVIEWOF SKM’s MIKE11AND URBS MODELS FROM
PUBLISHED REPORTS

MIKE11 Model

Section 4 of WMA Water’s report describes Version 1 and Version 2 by SKM, as well as the original
2005 SEQ Water MIKE11 model. Since Mr Babister completed his review, a Version 3 of the SKM
report has been finalised and that version of the report is dated 5 August 2011.

We concur with Mr Babister’s findings regarding serious shortcomings of the 2005 MIKE11 model
used previously by SEQ Water, in Section 4.2 of his report.

We also agree with the shortcomings of the Version 1 model described by Mr Babister in Section 4.3
of his report. The prediction of 10m/s velocities in the Brisbane River is not credible and the model
results are therefore unlikely to be reliable.

We have not reviewed Version 2 of the model in detail as we have focussed our review on Version 3
which is the most up to date version (SKM, 2011). Based on our review, the MIKE11 hydraulic model
used has a number of assumptions and limitations, which could undermine the accuracy of the
results for Ipswich City. These include:

e The floodplain has been represented using extended Sections. This may not always be
appropriate;

e The extended Sections do not always extend far enough to capture the full extent of the January
2011 flood event, i.e. the model is represented by an artificial vertical wall at the end of Sections,
which may cause an over prediction of water levels; and

e Channel roughness parameters (representation of channel and floodplain vegetation state) are
abnormally high, which would again over predict water levels. This is more relevant to the upper
reach (upstream of chainage 1,002,785) close to Mount Crosby. In the vicinity of the Bremer
River (chainage 1,006,200) to Moreton Bay the roughness parameters are more within a normal
range.

The calibration exercise of the MIKE11 is also less than desirable, for the following reasons:

e The model is used to create a rating curve at Mount Crosby. However, there is no discussion on
how the rating curve was developed. The rating curve results in a good match for peak level at
Mount Crosby, but flood levels are under predicted during the rise and ebb of the flood;

e The MIKE11l model does not attempt to individually represent tributary flows upstream of Mt
Crosby (such as Lockyer Creek). All upstream inflows (excluding Wivenhoe Dam releases) are
lumped together as a point source and inputted into the model immediately upstream of Mt
Crosby. In version 3 of the SKM Joint Calibration Report, Figures 6-2 shows the peak flow at Mt
Crosby as about 10,000m3/s with the routed Wivenhoe contribution of 6,000m3/s (suggesting
that the contribution from the non-Wivenhoe flows are 4000 m3/s. Figure 6-3 shows a
comparison of the difference between the two hydrographs in Figure 6-2 (red line) and the
estimate from the URBS model (blue line) for the same interstation area. This suggests that the
peak contribution of the catchment area between Wivenhoe and Mt Crosbhy, including the
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4.2

Lockyer, is about 5,000 m3/s. The differences in the non Wivenhoe flow requires further
investigation;

e If the model is generally over predicting water levels, the flow determined from the Mount Croshy
rating curve will be overestimated and vice versa. However, the fact that the modelled and
measured velocity at the Jindalee gauge are similar, gives the exercise credibility (with a small
under prediction — velocities in the order of 2.6m/s);

¢ MIKE11 model underestimates the peak water level at the Ipswich CBD gauge by approximately
1m (Figure 6-1) when compared to the gauge level and URBS prediction. Whereas the peak flow
is slightly overestimated by the URBS model but is reasonably matched by the MIKE11 flow.
These discrepancies could be a result of inadequate schematisation of the model.

Most importantly for Ipswich, however, is the fact that there has been no revision to the model to
correct issues identified above with the 2005 SEQ Water model and the Version 3 model, in relation
to Bremer River and Lockyer Creek flooding. This leads to considerable uncertainty over the
accuracy of flood wave timing and magnitude in the Ipswich area.

A major limitation to improving the flood modelling of the Bremer River and Lockyer Creek is the lack
of suitably accurate survey data of the streams and floodplain.

In Section 1.3.9 (WMA, 2011) there is no quantification of the effects on flooding in Ipswich, which is
required.

URBS Model

The URBS Model used by SKM was prepared by SEQ Water and has been calibrated to closely
match the timing and flood heights that occurred during the January 2011 flood. From our review, a
very close match for Ipswich City has been achieved with this model, and the URBS model, therefore,
represents the most reliable flow, level and flood wave timing tool currently available.
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5 DESKTOP REVIEW OF WMA WATER REPORT OF 28 JuLy 2011
(WMA, 2011)

5.1 Introduction

Our review recognises that this exercise undertaken by WMA Water was undertaken in a short time
frame.

An important consideration from the WMA Water analysis is that the calibrated model uses peak flow
at Mount Croshy of 9,500m?3/s. The Bremer confluence is 17km downstream of the Mount Crosby
gauge. At Jindalee (which is a few kilometres upstream of Brisbane) the measured peak discharge is
10,000m3/s. This suggests that the Lockyer Creek flow is contributing a significant proportion of flow
and that the flow in the Brisbane River is largely driven by flow from upstream of Mount Crosby, with
lesser contribution from the Bremer River and other local catchments. More detailed analysis is
required to determine the proportion of contributions from other local catchments.

We acknowledge that there was a significant rainfall event in the Bremer catchment which would
have filled much of the Bremer floodplain before the Brisbane River peak from the Wivenhoe releases
arrived. The Bremer River had a shallow gradient, which indicates that water was flowing down the
Bremer River during the peak. Therefore it is not a purely backwater flood event in Ipswich. We
believe that the flooding is due to a combination of high water levels in the Brisbane River and flows
in the Bremer River on the receding limb of the flood. The inundation maps produced for the ICA
Volume 3 report support this assumption (see Appendix A). They show the flood extent outline at
1800hours on 11 January 2011 (i.e. after cessation of the last rainfall event over the Bremer
catchment) and the total maximum flood extent outline for the catchment up to 14 January 2011.

5.2 Contribution of Wivenhoe Dam Release Flows and
Non-Wivenhoe Flows

With regards to the discussion on contribution of Wivenhoe Dam release flows and non-
Wivenhoe flows on page 24 of WMA Water’s report, the analysis does not isolate out the impacts
of the Bremer River and Lockyer Creek. Our analysis of the URBS model suggests that the Lockyer
Creek flow (4,796m%s) was a larger contributor to overall flow compared to the peak Bremer River
flow (2,277m°/s). This further supports the view that the flooding in Ipswich was contributed to by the
backwater effect from the Brisbane River. The fact that in SKM’'s Case 3 a negative flow up the
Bremer occurred (see paragraph 62 WMA, 2011) further supports the finding that Bremer River flood
levels are significantly influenced by Brisbane River flooding. This has long been recognised by
Ipswich City Council, SEQ Water and SKM. These figures require further analysis and review, , as
the local catchment between Lockyer Creek and the Bremer River has an area of about 600km* and
SEQ Water estimate that it generated a peak of about 3500m?*/s during the January 2011 flood.

5.3 Bremer River and Brisbane River Peaks

With regards to the comment in paragraph 65 of WMA Water’s report that the Bremer River and
Brisbane River peak occur at the same time, it is not reported how flows on the Bremer River were
derived. The modelling carried out as part of this report (see Chapter 6) indicates that the peak water
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level from the Bremer only flow occurred at around 0440hours on 12 January 2011, whereas the
peak in the Brisbane River occurred at the Moggill gauge at approximately 1400hours on 12 January.
Figure 5-1 illustrates the timeline summarising rainfall, peak flood release from Wivenhoe Dam and
associated warning information.
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Figure 5-1 Bremer River Timeline

Peak flooding in Ipswich was significantly influenced by back-up flooding from the Brisbane River.
Peak flooding in the Brisbane River at the confluence of the Bremer River was a result of runoff from
the upper Brisbane River catchment system including major discharge from Wivenhoe Dam (which
peaked at 1930 hours on 11 January 2011), combined with significant runoff from the Lockyer Creek
catchment, with the peaks of dam discharge and Lockyer Creek coinciding. Hence, flooding in
Ipswich was at least in part influenced by the timing of releases of water from Wivenhoe Dam but was
exacerbated by the major flood event in Lockyer Creek, which was coincident with dam release flows.

There was also a significant flood event down the Bremer River due to Bremer River catchment
rainfalls. The relative contributions to flooding in Ipswich from Brisbane River flooding, dam releases,
Lockyer Creek flooding and Bremer River flooding are discussed in more detail in Chapter 7.

5.4 Option B Release Strategy

Paragraph 82 of WMA Water’s report (Option B release strategy) does not address how this
option may have affected the flood in Ipswich, including that the timing of peak releases would have
changed, which could have reduced the coincidence of dam releases and Bremer River discharge to
the Brisbane River. We consider this further in Section 6.3 of this report.
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REVIEW OF MODELLING RESULTS USING SEQ WATER’S MIKE11 AND URBS MODELS

6 REVIEW OF MODELLING RESULTS USING SEQ WATER'S
MIKE11 AND URBS MODELS

6.1 The January 2011 Event

The MIKE11 model estimates the peak water level at Ipswich to be 17.931mAHD. The recorded peak
water level was 19.42mAHD as illustrated in Figure 6-1 below.
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Figure 6-1 SKM Modelled Water Levels and Flows

URBS slightly overestimates the peak flow by approximately 150m°%/s (which is around 1% of the total
flow). The MIKE11 modelled peak flow of 2,300m%s equates to a design flow of between 20 and
50 year Average Recurrence Interval (ARI) (Sargent, 2006). The actual measured peak flow at

Ipswich was 2,277m°/s.
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6.2

Earlier Transition to Strategy W4 (Option A)

This scenario involves an earlier transition to Strategy W4 for the Wivenhoe Dam releases at 1600
hours 10 January 2011 instead of 0800 hours on 11 January 2011. Two cases were actually
considered within this Option:

e Option A4 — to quickly escalate the outflows to match inflow and stabilise the level in the dam;
and

e Option A5 — to increase outflow at a slower but steady rate to make more use of the remaining
mitigation storage.

We have compared the output for both options against the January 2011 modelled results discussed
in Section 6.1 of this report specifically for Ipswich City. Notwithstanding the inaccuracies described,
the following results are presented.

Option 4A Scenario
Our analysis indicates the following for Ipswich Option A4 scenario as shown in Figure 6-2.

Results show that:

e Peak water level at Ipswich CBD increases over that predicted for the actual flood event (Figure
6-1) by 0.64m; and

e Peak flow at Ipswich CBD is 2,238m?/s.

i.e. Option A4, if technically possible, could have worsened flooding in Ipswich by 0.64m.
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Figure 6-2 Option A4 Water Levels and Flow
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Option 5A Scenario
Our analysis indicates the following for Ipswich Option A5 scenario as shown in Figure 6-3.

Results show that:
Peak water level at Ipswich CDB decreases by 0.83m; and

[ ]
. . 3
e Peak flow at Ipswich CBD is 2,310m"/s.
i.e. Option A5, if technically possible, could have reduced flooding in Ipswich by 0.83m.
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Figure 6-3 Option A5 Water Levels and Flow

For both Option A4 and A5, the impact of the earlier transition affects the peak water level in Ipswich

but has little effect on the peak flow.
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6.3 Wivenhoe Dam at 75% o f Full Storage Level Prior

to the Flood (Option B)

This scenario involves the storage level in Wivenhoe Dam being assumed to be at 75% of FSL prior

to the onset of the flood but retaining current operating rules.

We have compared the output against the January 2011 modelled results discussed in Section 6.1 of
this report. Notwithstanding the inaccuracies described, the following results are presented.

Our analysis indicates the following as shown in Figure 6-4.

Results show that:
Peak water level at Ipswich CBD is decreased by 0.68m; and

[ ]
. . 3
e Peak flow at Ipswich CBD is 2,330m"/s.
i.e. Option B could have reduced flooding in Ipswich by 0.68m.
Option B
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Figure 6-4 Option B Water Levels and Flow
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6.4

Discharge at Upper Limi t duri ng Stra tegy W3

(Option C)

This scenario explores the effects of increasing flows immediately after entering Strategy W3 to the

upper allowable limit.

We have compared the output against the January 2011 modelled results discussed in Section 6.1 of
this report. Notwithstanding the inaccuracies described, the following results are presented.

Our analysis indicates the following as shown in Figure 6-5.

Results show that:
Peak water level at Ipswich CBD decreased by 0.67m; and

[ ]
. . 3
e Peak flow at Ipswich CBD is 2,331m"/s.
i.e. Option C, if technically possible, could have reduced flooding in Ipswich by 0.67m.
OptionC
19 . 12000
———— Water Level @ Ipswich CBD, Bremer River
17 +- Brisbane River Water Level Upstream of Bremer RiverJunction PN
Brisbane River Water Level Downstream of Bremer RiverJunction / - 10000
- Np— Flow @ Ipswich CBD, Bremer River £
)
i
----- Brisbane River Flow Upstream of Bremer River Junction !
1
. . " . I - 8000
13 - == Brisbane River Flow Downstream of Bremer River Junction 7
'
//" I"
ra
i
o 11 T
] ,J i - 6000  __
: /i :
= 3 -
g o 2 £
[

3 Z
g ¥ - a000 *
)

2 7 e
.u',-‘" o
i _
5 4 5 - 2000
"'
4
R ]
3 0
\
o
1
-1 2000
% %, %, % %, 2 2 s, 2 ‘o, 2
2. 2. 2. 2. 2. 3 3 % % % %
) =) ) ) ) ¢ ¢~ ¢ ¢ ‘-~ ‘-
%, %, %, %, %, 0 0 3 0, <0 0
<, 4 4 4 <, 4 4 <, (4 (4 (4
o, o, o, 0. o. ) ) ) Yo Yo Yo
% % % % % 9 9 9 9 g7 g7
Date (4 (4 (4 (4 (4 (4

Figure 6-5 Option C Water Levels and Flow
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6.5

WMA Water's 'Optimised’ Release Strategy (Option D)

This scenario explores the effects of an optimum release strategy with full benefit of hindsight and
ignoring restrictions from the Wivenhoe Dam Operating Manual on total flow at Moggill.

We have compared the output against the January 2011 modelled results discussed in Section 6.1 of
this report. Notwithstanding these inaccuracies and assumptions described, the following results are
presented.

Our analysis indicates the following as shown in Figure 6-6.

Results show that:
e Peak water level at Ipswich CBD decreases by 0.6m; and

e Peak flow at Ipswich CBD is 2,334m%s.

i.e. Option D, if technically feasible, could have reduced flooding in Ipswich by 0.6m, noting
WMA Water’'s comments that, in reality, this option is not plausible.

Option D
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Figure 6-6 Option D Water Levels and Flow
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6.6

BMT WBM's Hypothetic al Delayed Relea se
Strategy (Option E) (enlarged dam option)

This scenario explores the effects of delaying the actual peak release from Wivenhoe Dam by 12
hours and by 24 hours. This option is not possible without increasing significantly available flood
storage capacity in the dams through dam enlargement. It has only been assessed to allow a
quantification of the interdependence of the timing of dam releases as they affect Ipswich and Bremer
River flooding.

We have compared the output against the January 2011 modelled results discussed in Section 6.1 of
this report. Notwithstanding the inaccuracies described, the following results are presented.

Our analysis indicates the following as shown in Figure 6-7.

Results show that:

e Peak water level at Ipswich CBD decrease by 0.1m for the 12 hour scenario; and

e Peak water level at Ipswich CBD decreases by 0.98m for the 24 hour scenario.
The longer the delay in dam release, the greater the reduction in flood levels in Ipswich.

A delay of 24 hours in Strategy W4 release would have reduced flooding in Ipswich by about a metre.
This would not be possible without major dam flood storage compartment increases and dam raising.

Effect of Delaying Wivanhoe Releases at Ipswich CBD
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Figure 6-7 Delayed Release Scenarios
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7 SUMMARY OF FINDINGS SPECIFIC TO IPSWICH CITY
7.1 Bremer River 2011 Flood Levels and Flows
A summary of model results is as follows in Table 7-1 and Table 7-2:
Table 7-1 Peak Water Levels
Option | Option | Option | Option | Option | Option | Option
case1 | P! s P Pe o0 | Eq@zhr | E ahr
Delay) Delay)
Location Peak Peak Peak Peak Peak Peak Peak Peak
Water Water Water Water Water Water Water Water
Level Level Level Level Level Level Level Level
(mAHD) | (mAHD) | (mAHD) | (mAHD) | (mAHD) | (mAHD) | (mAHD) | (mAHD)
Ipswich CBD 17.931 18.566 17.699 17.250 17.259 17.325 17.836 16.949
Upstream of Bremer
River Junction 17.816 18.246 17.484 17.075 17.081 16.862 17.799 16.967
Downstream of
Bremer River
Junction 17.472 17.914 17.149 16.741 16.748 16.534 17.585 16.749
Table 7-2 Peak Flows
Option | Option | Option | Option | Option | OPtion | Option
Location DEEY), REEY),
Peak Peak Peak Peak Peak Peak Peak Peak
Flow Flow Flow Flow Flow Flow Flow Flow
(m®/s) (m®/s) (m®/s) (m®/s) (m®/s) (m®/s) (m®/s) (m®/s)
Ipswich CBD 2299 2238 2310 2330 2331 2334 2361 2373
Upstream of Bremer
River Junction 9394 9549 8784 8483 8484 8119 9305 8458
Downstream of
Bremer River
Junction 10304 10782 9914 9495 9501 9218 10464 9500

Table 7-3 summarises the changes in water levels and peak flows at Ipswich corresponding to the
various options assessed within this report.

Table 7-3 ~ Summary of Impacts at Ipswich
Option Option ] ] ] Option E | Option E
Al A5 Option B | Option C | Option D (12hr (24hr
Delay) Delay)
Water Level (m) -0.63 0.23 0.68 0.67 0.61 0.10 0.98
Peak Flow (m3/s) 61 -11 -31 -32 -35 -62 -74
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7.2

What caused the Janua
Ipswich City?

ry 2011 Flooding in

Our analysis has clearly illustrated the effect of the Brisbane River flows at the Ipswich CBD. By
isolating the effects of the Bremer River only flow, we have demonstrated that the peak Bremer River
flow was between the ARI 20 year and 50 year ARI event based on design flood flow estimates by
Sargent (2006). When the corresponding water level of 14.09mAHD derived for this design flow (in
the absence of significant Brishane River flooding) is compared to the Ipswich flood level
classification from the BoM, it can be seen that this event is within the lower end of the major
category.

When the effects of the flood in the Brisbane River, the releases from the Wivenhoe Dam and the
flow from Lockyer Creek are taken into account, the measured peak was 19.25m AHD.

23 = 24 .50m RECORD FLOOD Fekh 189
= 20.70m Jan 1974
= 19.28m Jan 2011
MAJOR
= 15.47m Feb 1931
= 13.66m Feh 1976
= 13.10m Dec 1991
11 «=—11.31m May 1995
MODERATE 10— & 10,000 Nov 2003
I E' —
AR50l B 3 N = F.diom TOWNAHOUSES
Below Minor | 6 — = 6.28n Feb 2001
Bremer B at Ipswich
Flood Lewel Classification

Figure 7-1 Flood Level Classification (BoM, 2011)

Flooding in Ipswich in the January 2011 event in the absence of major flooding (assumed Brisbane
River level at Moggill of RL13.4m) in the Brisbane River, would have resulted in an ARI 20 to 50 year
flood in the City, with water levels in the CBD reaching RL 14.1mAHD (using the work of Sargent,
2006).

Very large flooding occurred in the Brisbane River during this event, including in the Lockyer Creek
catchment.
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The sensitivity testing carried out by WMA Water and the delayed release strategy represented in this
report, show that, under the scenarios tested in this report, at best, flood levels in Ipswich may have
been able to have been able to have been reduced by about a metre for a January 2011 type event.

Further reductions in flooding in Ipswich, could be achieved with major capital works (e.g. bridge
raising or dam raising) to allow further flexibility in either early or delayed releases.

Hence, we conclude that flooding in Ipswich was caused by a combination of a 20 to 50 year ARI
event in the Bremer River, major to extreme rainfall events and flooding in Lockyer Creek and in the
Brisbane River catchment, and the timing of the release strategy to move to Strategy W4. The
rainfall event and its associated severity across the entire Brisbane and Bremer River catchments
caused the flooding. Without Wivenhoe and Somerset Dams, flooding in Ipswich and Brisbane would
have been many metres higher.
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8 RECOMMENDATION OF ADDITIONAL WORKTO ASSIST IN
ADDRESSING IPSWICH CITY COUNCIL'S CONCERNS

We recommend that additional work is required to address Ipswich City Council’'s concerns. These

works include:

A review and update of Lockyer Creek and Bremer River branches of the SKM MIKE11 model
(acknowledging the limited survey data currently available for Lockyer Creek and Bremer River
main channel);

Review of calibration of the model for Bremer River reach and recalibration using the January
2011 flood event;

Re-modelling of Option B with associated adjustments to operating rules to maintain 75%
capacity - how these adjustments are made also needs to be subject to review. Such review
should include, as a priority, not only reducing Wivenhoe Dam storage to 75% full storage level,
but also adjusting the dam operating rules to attempt to maintain this level throughout the wet
season;

Further investigation of early or delayed release strategies independent of operating rules to
assess the benefits and consequences of such strategies. Detailed and specific reporting for
Ipswich for all options and strategies tested; and

Consideration of what works or actions are required to allow early or delayed release strategies
to be adopted, e.g. downstream bridge upgrades or dam storage compartment increases.
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9 CONCLUSIONS

In conclusion, we find the following:

1 There is no specific reporting in the WMA Water report on the effects of the various strategies
and options considered by WMA Water on the City of Ipswich and this report attempts to address
those and other matters of concern for Ipswich.

2 Our analysis of the current models shows that flooding in Ipswich was influenced by Brisbane
River flood back-up on the falling limb of Bremer River flooding.

3  Flooding in Ipswich in the January 2011 event in the absence of major flooding (assumed
Brisbane River level at Moggill of RL 13.4m) in the Brisbane River, would have resulted in an ARI
20 to 50 year flood in the City, with water levels in the CBD reaching around RL 14.1mAHD
(based on the work by Sargent, 2006). This requires further analysis and review to test the work
of Sargent against current knowledgeWhen the effects of the flood in the Brisbane River, the
releases from the Wivenhoe Dam and the flow from the Lockyer Creek are taken into account,
the measured peak was 19.25mAHD.

4 We conclude that flooding in Ipswich was caused by a combination of a 20 to 50 year ARI event
in the Bremer River, major to extreme rainfall events and flooding in Lockyer Creek and in the
Brisbane River catchment, and the timing of the release strategy to move to Strategy W4. The
rainfall event and its associated severity across the entire Brisbane and Bremer River
catchments caused the flooding. Without Wivenhoe and Somerset Dams, flooding in Ipswich
and Brisbane would have been many metres higher.

5 Despite the short time available and the limitations of available models, the modelling work by
WMA Water has been useful is determining the potential significant positive benefits of adopting
alternate strategies, including a 75% full supply strategy at the start of the next wet season.
Flood levels reductions of up to 0.7m for a January 2011 event are predicted for Ipswich City.
The strategy also needs to be expanded to determine the benefits of revised operating rules
adjusted to maintain the 75% supply level, rather than maintaining the existing operating rules,
that are designed around the 100% level.

6 The modelling work by WMA Water also shows that, subject to technical feasibility, options for
gradual early release from the dam could reduce predicted flood levels in Ipswich by up to a
metre for a January 2011 event.

7 By delaying the W4 release strategy by 24 hours, flood level reductions of about a metre for a
January 2011 event may be feasible in Ipswich; however, this option would require a significant
expansion of the dam flood storage compartment, and associated raising of the dam.

8 There are still significant shortcomings of the MIKE11 model in its representation of Lockyer
Creek and the Bremer River that requires additional refinement and correction. It is
acknowledged that insufficient survey data exists for Lockyer Creek and for the Bremer River
main channel. Without accurate modelling of these two waterways, some uncertainty still exists
over the timing of flood waves and coincidence of flood peaks.

9 Additional testing of the benefit of early or delayed release strategies, particularly on what benefit
this could achieve to reduce peak flooding in Ipswich, ought to be carried out. This should
include additional options for early release, beyond current operating rule restrictions, and
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consideration of what additional dam storage may be required, to determine the benefits and dis-
benefits to the entire system of such strategies.

10 Review of the costs and benefits of works required (e.g. bridge raising) to allow more flexibility in
early and delayed release strategies is recommended.

11 All modelling work of alternative dam operation strategies tested to date as discussed in this
report relate to the effect on a January 2011 type flood event. Any review of dam operating
strategies, downstream capital works or increase in dam flood storage compartment require
consideration of the consequences of these changes under a range of historic and design flood
events, including those such as the 1974 flood where very different rainfall distribution patterns
occurred, including events where the majority of the rainfall fell below the dam.
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10 QUALIFICATIONS

This report must be read jointly with WMA Water's 24 July 2011 report and SKM’'s 5 August 2011
(Version 3) report. Terminology and definitions used are consistent with those of WMA Water.

No URBS input files were reviewed. No spreadsheets containing gate operations rating curves were
provided or reviewed.

The review utilises the published reports quoted, and the SKM Version 3 MIKE11 model files, URBS
results files, as provided by SEQ Water in August 2011, and model files as reported by WMA Water
in their 5 July 2011 report.

The accuracy of this report is limited to the accuracy of this information and no independent
verification of results from SEQ Water ‘s URBS modelling, SEQ Water's gate operational releases or
from modelling work completed by WMA Water has been carried out.
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APPENDIX A: ICA 2011 INUNDATION MAPS
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Flooding in the Brisbane River Catchment, January 2011 - Ipswich City LGA
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Flooding in the Brisbane River Catchment, January 2011 - Ipswich City LGA ICA Hydrology Panel
20 February 2011
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APPENDIX C: FLOOD LEVELSAND MAPPING DATAIN CURRENT
IPSWICH CITY COUNCIL PLANNING DOCUMENT
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Level 5, Paddington Central,

107 Latrobe Terrace, PO Box 809,
Paddington Qld 4064 Australia
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Ms Jane Moynihan

Executive Director

Queensland Floods Commission of Inquiry
400 George Street

Brisbane

QLD 4000

Dear Ms Moynihan,

SUBJECT: PRELIMINARY FINDINGS OF PEER REVIEW - REPORT ON BRISBANE RIVER
FLOOD FREQUENCY ANALYSIS PREPARED BY MARK BABISTER AND MONIQUE
RETALLIK

1 BACKGROUND

Mark Babister and Monique Retallick (WMAwater) have prepared a report for the Queensland Floods
Commission of Inquiry (QFCI) entitled ‘Brisbane River 2011 Flood Event - Flood Frequency Analysis’ dated
18t September 2011. The report estimates the average recurrence interval (ARI) of the January 2011 flood
and the 100 year ARI (1% AEP) flood discharge in the lower reaches of the Brisbane River (downstream of
the Bremer River junction). In addition, based on its 100 year ARI discharge estimate, the report estimates
100 year ARI flood levels along the lower reaches of the Brisbane River and compares them with the 100
year ARI flood levels currently adopted by the Brisbane City Council.

DLA Piper Australia, acting on behalf of the Insurance Council of Australia (ICA), requested WRM Water &
Environment Pty Ltd (WRM) to undertake a review of the WMAwater report for the purpose of assisting the
commission. This report is in response to that request.

2 SCOPE OF WORK

This review has been undertaken on the basis of information and data gathered from a desktop review of
the WMAwater report and supporting documentation provided by QFCI.

No independent hydrologic or hydraulic modelling has been undertaken by WRM as part of this review.
Further, due to the limited time that was available to undertake this review, the findings of this report
should be considered as preliminary.
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The WMAwater report provided to WRM does not address Bremer River flooding in the vicinity of Ipswich as
required under the scope of work specified by QFCI. WMAwater has since prepared a supplementary report
on the Bremer River flooding dated 12t October 2011 but WMAwater’s supplementary report has not been
reviewed as part of this review by WRM due to time constraints.

3 GENERAL FINDINGS
3.1 Methodology

In my opinion, the analyses presented in the WMAwater report are not sufficiently rigorous to accurately
estimate the ARI of the January 2011 flood or estimate the 100 year ARI flood discharges or levels in the
lower reaches of the Brisbane River, especially for current (with Wivenhoe and Somerset dams) river
conditions. It is possible that the limited time available for the study did not allow a rigorous investigation.

The methodology adopted for the pre-dam conditions flood frequency analyses (FFA) is generally acceptable
(with some reservations) but the methodology adopted for the current post-dam conditions (with Wivenhoe
and Somerset dams), in my view, is not satisfactory.

The key assumptions made, data used and data adjustments made in the FFA are not adequately
explained or justified in the WMAwater report. Further, the level of detail presented on the FFA that has
been undertaken and the results obtained from the FFA are inadequate to assess the validity of the results
presented in the WMAwater report. In addition, the method used to correlate pre and post dams discharges
at the Brisbane Port Office gauge is too simplistic and, in my view, should not be used.

The hydraulic model used to predict the 100 year ARI flood profile is acceptable but more accurate
predictions could be made using a 2-Dimensional hydraulic model. There is insufficient information in the
WMAwater report to assess whether the boundary conditions used in the hydraulic model to predict the
100 year ARI flood profile are acceptable.

3.2 Results Validation

The FFA has focussed solely on data at the Brisbane Port Office gauge. Although the Port Office gauge has
the longest historical record, there are considerable uncertainties associated with this data set and, as a
consequence, the results obtained using this data are also uncertain. The WMAwater report identifies the
key limitations, difficulties and uncertainties associated with the Port Office data set. However, it has made
no attempt to minimise the impact of these limitations and uncertainties by cross-checking and correlating
the validity of Port Office gauge data and results against data and results for other lower Brisbane River
gauge sites with long data records such as Mt Crosby, Moggill and Savages Crossing. Regional flood
frequency analyses could have also been used to validate the results of the study. Sensitivity analyses to
assess the impact of some of the uncertainties have not been undertaken.

The WMAwater study has undertaken a FFA of only the peak annual flood discharges in the Lower Brisbane
River. A comprehensive FFA should also include an assessment of the peak annual flood event volumes
particularly due to the flood storage affects of Wivenhoe and Somerset dams.
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3.3 Inconsistencies and Potential Errors

There are significant uncertainties in the FFA results presented in the WMAwater report, including potential
errors in the 100 ARI discharge estimate. These are discussed in Section 4.

There are also some apparent inconsistencies in the estimation of the 100 year ARI flood profile. These are
discussed in Section 5.

3.4 Other Factors

The likely changes in the future to the Wivenhoe Dam and Somerset Dam operating rules may lower the
100 year ARI flood discharge in the lower Brisbane River. This potential impact may have to be considered
when determining future 100 year ARI discharges and assessing the predicted 100 year ARI flood profiles.

4  FINDINGS ON FLOOD FREQUENCY ANALYSES AND RESULTS
4.1 General

The WMAwater report provides only very limited results on the FFA analyses. No statistics are given to
assess how well the data fits the two probability distributions used to derive flood ARI’s. Further, no FFA
plots are given for the analyses that exclude the January 2011 flood.

4.2 Adopted Data and Analyses

In the FFA, the recorded peak flood levels for all pre-1917 floods, including the 1841 and 1893 floods,
have been lowered by 1.52m to account for the effects of river dredging undertaken prior to 1917. Based
on an assessment of continuous data from 1891 for the Port Office and Moggill gauges, SKM (1999) found
that the 1841 and 1893 flood peaks at the Port Office were unaffected by river dredging and that the
1.52m adjustment should not be applied to large floods such as 1841 and 1893. The large floods generally
have a significant influence on 100 year ARI estimates. The 1841 and 1893 floods were the largest and
second largest floods on record. Hence, the FFA results, including the 100 year ARI flood discharge
estimate, could potentially change significantly if the above adjustment to 1841 and 1893 recorded flood
levels is removed from the analysis.

A new rating curve derived in the study (see Figure 8 of the WMAwater report) has been adopted for the Port
Office gauge to convert recorded peak flood levels into peak discharges for use in the FFA. There are some
uncertainties with this new rating curve. For example, the recorded peak flood level at the Port Office gauge
for the January 2011 flood does not fit the derived rating curve. In addition, based on the shape of the
January 2011 recorded water level hydrograph, the tidal influence appears to have affected flood levels at
the Port Office gauge at least up to discharges of 9,500 m3/s (Seqwater, 2011). Tidal influences are not
taken into account in the adopted rating curve.

It appears that the flood events greater than 2,000 m3/s have been classified as large and the remainder
as small for the purposes of the FFA. The basis/justification for the selection of this threshold value is not
known. Given that tidal influences affect flood levels for much higher discharges the adoption of a 2,000
m3/s threshold appears unjustified. The adopted flood threshold has resulted in 141 out of 171 values
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(82.5%) and 90 out of 102 values (88%) being ‘censored’ for the 171 year (1841-2011) and 102 year
(1908-2011) data sets respectively. It is not clear what ‘censored’ means but it appears that these values
have been omitted from the analysis. The recorded discharges at the upstream gauges should have been
used to derive a discharge data set at the Port Office.

The February 1999 flood upstream of Wivenhoe and Somerset dams was larger than the 1974 flood
(Segwater, 2011). Based on data presented in Appendix B of the WMAwater report, it appears that the
1999 flood is not appropriately taken into account in the pre dams FFA.

4.3 Results

The following is of note with respect to the results for pre-dams conditions:

. The WMAwater report concludes that the 100 year ARI flood discharge at the Port Office
estimated from the FFA is not sensitive to whether the January 2011 event is included or not.
There is insufficient information in the WMAwater report to justify this finding.

. There is consistency in the pre-dam GEV distribution results for the two data periods analysed
and for the two cases with and without the inclusion of the January 2011 flood. The results for
the LP3 distribution for the shorter data set with and without the inclusion of the January 2011
flood are also consistent. However, the LP3 results for the longer data set with and without the
inclusion of the January 2011 flood are not consistent. The reasons for this inconsistency are
not discussed in the WMAwater report.

. The January 2011 flood ARI at the Port Office gauge for pre-dam conditions has been estimated
to be 100 years. The estimated January 2011 peak flood discharge at the Port Office gauge for
pre-dam conditions is 12,400 m3/s. This finding is within an acceptable range for the data
used in the analyses. However, based on the apparent better fit of the data for the LP3
distribution results, the ARI of the January flood for pre-dam conditions should be somewhat
less than 100 years. It is also noted that if no river dredging adjustment had been applied to the
1841 and 1893 data the results may change significantly. These issues highlight the
uncertainties associated with the results presented in the WMAwater report.

J The ARI's estimated from the FFA results are significantly higher than the likely probabilities
estimated from plotting positions (see Table 9 of the WMAwater report). The reason for this is
not discussed in the WMAwater report.

The following is of note with respect to the results for current (with-dams) conditions:

° It appears that no FFA has been undertaken for the current river conditions (with Wivenhoe and
Somerset dams). Yet, an ARI for the January 2011 flood and a 100 year ARI discharge have
been estimated for current river conditions. The basis for these estimates or justification for the
adopted values is not adequately discussed in the WMAwater report.

. There is a heavy reliance on the accuracy of Figure 3 of the WMAwater report to explain and
justify some of the study results and findings. Yet, there is no explanation about the data used
to produce this figure and how the ‘pre to post dam estimation line’ has been developed. There
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are several reasons why the inferences made from Figure 3 may be inaccurate and may
significantly overestimate post-dams peak discharge at the Port Office, including:

The 1893 flood ‘post-dam’ discharge at the Port Office gauge is smaller than the
equivalent 2011 discharge, although the 1893 ‘pre-dam’ discharge is much larger
than the equivalent 2011 discharge. The reason for this apparent inconsistency is
not explained in the WMAwater report.

The January 2011 flood had two peaks with the first flood peak inflow to the
Wivenhoe and Somerset dams of the order of 12,000 m3/s, whereas the
corresponding peak discharge at the Port Office gauge for the first flood was only of
the order of 2,000 m3/s, a more than 80% reduction. This reduction in peak
discharge at the Port office for the first flood event is not represented in Figure 3.

The February 1999 flood was larger than the 1974 flood in the upper Brisbane
River, but its impact on Brisbane was insignificant because this flood was fully
mitigated by the dams (Seqwater, 2011). The peak flood level at the Port Office
gauge was less than 1.7m AHD. The 1999 flood event is not represented in Figure
3.

. It is not clear how the ARI of the January 2011 flood or the 100 year ARI flood discharge for
current (with dams) river conditions have been determined. The WMAwater report provides no
analyses or justification for its results and findings on this issue. Further, the 100 year ARI peak
flood discharge adopted for the lower Brisbane River for the current river conditions is not
consistent with equivalent results for pre-dam conditions for the following reason. The
WMAwater report has determined that the ARI of the January 2011 flood under current river
conditions is 120 years. However, it has adopted a 100 year ARI flood discharge for the lower
reaches of the river of 9,500 m3/s, which is the same as the magnitude of the estimated
January 2011 peak flood discharge at the Port Office gauge. The 100 year ARI discharge should
be lower than the 120 year ARI discharge.

5 FINDINGS ON PREDICTED 100 YEAR ARI FLOOD PROFILE

It appears that there is an inconsistency in the predicted 100 year ARI flood profile. The adopted peak
discharge for the January 2011 flood and the 100 year ARI flood (9,500 m3/s) are identical. However, there
is a significant difference in the predicted flood profiles for these two floods (see Figure 13 of the
WMAwater report). The reason for this difference is not known and has not been explained in the

WMAwater report.

The WMAwater report does not provide any details on the inflow boundary conditions (discharge
hydrographs) or the downstream boundary condition (tide level) adopted to predict the 100 year ARI flood
profile. Based on Figure 13 of the WMAwater report, it appears that the same downstream boundary
condition has been adopted for both January 2011 and 100 year ARI Mike-11 model runs. If this is the
case, the adopted downstream boundary condition may not be appropriate to predict the 100 year ARI

flood profile.
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6 CONCLUSION

In my opinion, the analyses presented in the WMAwater report are not sufficiently rigorous to accurately
estimate the ARI of the January 2011 flood or estimate the 100 year ARI flood discharges or levels in the
lower reaches of the Brisbane River, especially for current (with Wivenhoe and Somerset dams) river
conditions. There are significant uncertainties in the FFA results presented in the WMAwater report,
including potential errors in the 100 ARI discharge estimate. There are also some apparent inconsistencies
in the estimation of the 100 year ARI flood profile. For these reasons, in my view, the findings of the
WMAwater report should not be accepted until they are validated by more comprehensive hydrologic and
hydraulic modelling studies. | understand that such studies are to commence in the near future.

Please do not hesitate to contact me if you have any queries.

For and on behalf of
WRM Water & Environment Pty Ltd

Dr Sharmil Markar BSc(Eng) PhD FIEAust CPEng RPEQ
Principal Engineer
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Subject ~ Comment on Selected Issues Raised by WMAwater

Overview

1. The following comments are provided in relation to the Memorandum prepared by Mark
Babister of WMAwater in his “Response to Peer Reviews” dated 7" October 2011. The
comments presented below are restricted to matters arising from Paragraphs 17 to 23 of
his response, and no other matters pertaining to the estimate of the current Q100 are
considered here.

2. This paper is not intended to be a stand-alone document, and needs to be read in
conjunction with WMAwater (2011*") and SKM (2011).

3. The WMAwater Memorandum raises a number of issues in the modelling undertaken by
SKM (2003). The issues raised are based on comments contained in reports by Sargent
Consulting (2006) and KBR (2002) and relate to:

e apparent errors in the rainfall inputs used by SKM (2003);
e apparent inadequacies in the RAFTS-XP model configuration; and,
e the resistance approach adopted in the hydrodynamic model.

4. On the basis of the considerations detailed below it is concluded that:
e the rainfall inputs used in the SKM RAFTS-XP model are materially correct;

e the problems encountered by Sargent Consulting are associated with conceptual
storage attributes that were not present in the SKM version of the RAFTS-XP model,
and the calibration results demonstrate that the model adequately characterises the
flood response of the catchment; and,

e the resistance approach adopted in the SKM (2003) hydrodynamic model is
considered reasonable, and given that the design simulations are within the range of
flood magnitudes used in calibration, the choice of resistance model is of little
consequence.

Rainfall Inputs

5. In paragraphs 17 to 21 a report by Sargent Consulting (2006) is relied upon to raise a
number of apparent shortcomings in the rainfall-based modelling undertaken by SKM
(2003). It should be noted that to our best knowledge SKM was not consulted at any
stage of the investigation undertaken by Sargent Consulting, and SKM had no
involvement in provision of the RAFTS-XP model or the rainfall data to Sargent
Consulting.

SINCLAIR KNIGHT MERZ
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10.

11.

Following receipt of the WMAwater Memorandum we reviewed in detail the model
configuration and input files from the 2003 study. We can only speculate on the reasons
why these problems were encountered by Sargent Consulting, however the information
presented below does shed a little light on the nature of the issues raised.

The SKM RAFT-XP model rainfall volumes (for the whole catchment) have been compared
with the CRC-FORGE rainfall volumes and found to differ by less than 1% for the 30 hour
duration event. Further checks of the RAFTS-XP rainfall files and the CRC-FORGE rainfalls
have indicated that there is no error in the inputs.

There is one minor discrepancy relating to the way that SKM used rainfall input files that
impacts on the manner in which the input rainfalls are simulated in the RAFTS-XP model.
The RAFTS-XP software contains an error that resulted in the first time increment of the
input rainfall time series being ignored. It is assumed that Sargent Consulting used the in-
built RAFTS-XP temporal patterns which does not have this problem (this is an issue that
is associated with the RAFTS-XP software as distinct from the manner in which the model
was configured to represent the Brisbane River catchment). Importantly, this issue has a
very small influence (around 1%) on the magnitude of flows generated by the 30, 36, and
48 hour events due to the small proportion of rainfall in the first time increment. The
difference in peak flows for the 24 hour event is in the order of 10% to 30%, however
when corrected, the 24 hour event is still lower than the 30 hour and 72 hour events and
thus this is of no consequence. The difference in the 72 hour event is around 5% and this
event is the critical duration for the Brisbane River at Brisbane.

In summary, due to RAFTS-XP software ignoring the first increment in the input rainfall
time series, the 2003 SKM results under-estimated the 100 year 30 hour event by 1% (the
critical duration at Savages Crossing, and the point of comparison with the flood
frequency analysis) and the 72 hour event by 5% (the critical duration at Brisbane).

The flows for the 1:100 AEP 30 hour “no dams” flood peaks listed in the Sargent
Consulting report (2006; Table 3, p14) were compared with those from the SKM
RAFTS-XP output files, and these are summarised in Table 1.

In comparing the flows derived by the Sargent Consulting (2006) RAFTS-XP model and the
SKM RAFTS-XP model, two conclusions can be drawn:

i. All flow comparisons upstream of Savages Crossing and at all locations in the
unregulated tributaries are very similar (the minor disparities are due to differences
in how the first rainfall increment is treated), however, for all locations downstream
of this location the differences in peak flow are appreciable; and,

ii. Given the presence of a conceptual storage at Savages Crossing, it is apparent that
the differences in model results for downstream locations are due to differences in
the way this conceptual storage was configured.
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12. Evidence for differences in the conceptual storage configuration (the second conclusion
note in the preceding point) is further reinforced by the results shown for the 30 hour
event in Figure 4 of Sargent Consulting (2006); they report a discharge of 13,130 m*/s for
a peak stage of 7.5 m, and this is not consistent with the stage-discharge relationship
adopted by SKM which would result in a discharge of only 6,430 m>/s for the same stage

(as reported in SKM, 1998).

Table 1: Difference in 30 hour flood estimates obtained using RAFTS-XP model developed
by SKM (2004) and that reported by Sargent Consulting (2006) .

Sargent .
LOCATION RAFTS_NODE SKM Consulting | Pifference
(m7/s) 3 (%)
(m*/s)
Cooyar Ck COO-0uUT 1,501 1,500 0.1%
Bris R at Linville LIN-OUT 3,424 3,420 0.1%
Emu Ck at Boat Mtn EMU-OUT 1,381 1,380 0.1%
Bris R at Gregors Ck GRE-OUT 5,904 6,010 -1.8%
Cressbrook Ck CRE-OUT 686 690 -0.6%
Stanley R US Somerset Dam SOM+++ 2,234 2,230 0.2%
Bris R at Somerset Dam SOM-0UT 3,592 3,620 -0.8%
Bris R at Wivenhoe Dam WIV-OUT 10,981 11,150 -1.5%
Lockyer Ck at Helidon HEL-OUT 882 860 2.6%
Lockver Ck at Gatton GAT-OUT 2,949 2,970 -0.7%
Laidley Ck at Laidley SHO-OUT 669 670 -0.1%
Lockyer Ck at Lyons Br LYO-OUT 3,689 3,720 -0.8%
Inflow to Temp Storage Lock Ck Bris R jn SAV10 14,382 14,560 -1.2%
Bris R at Savages Crossing SAV-OUT 9,613 13,140 -26.8%
Bris R at Mt Crosby MTC-OUT 9,621 13,170 -27.0%
Bris R at Moggill JIN#H## 9,074 12,590 -27.9%
Bremer R at Walloon WAL-OUT 1,125 1,130 -0.5%
Warrill Ck at Kalbar KAL-OUT 1,020 1,020 0.0%
Warrill Ck at Amberley AMB-OUT 1,700 1,700 0.0%
Purga Ck at Loamside PUR-OUT 668 670 -0.3%
Bremer R at Ipswich 2CH# 2,432 2,450 -0.7%
Bris R at Jindalee JIN-OUT 9,075 12,590 -27.9%
Bris R at PO Gauge POG-OUT 9,075 12,590 -27.9%

"Note: the number of decimal places (ie inferred accuracy) used in the above table is higher than can be justified,
and has been adopted solely for the purposes of model comparison.
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RAFTS-XP Model Conceptualisation

13. The configuration of the RAFTS-XP model is described in some detail in the SKM (1998)

14.

15.

16.

report. This report presents details of how the model was configured, where the main
conceptual elements were based on:

e Storage routing for overland flow;
e Hydrograph lagging based on time of travel for upstream channels; and,
e Storage routing to represent attenuation of channel flow in the downstream reaches.

Sargent Consulting found that the downstream model results were very sensitive to the
conceptual storages. However, the SKM RAFTS-XP results do not reflect the same degree
of sensitivity as observed by Sargent Consulting. The attenuation (ie reduction in flow)
due to the largest storage (at Lowood) in the SKM model is 21% to 35% (for the range of
durations considered); however, Sargent Consulting found that the attenuation at the
same node varied between 6% and 34%. This difference in sensitivity provides further
evidence to that presented in paragraph 12 above that the conceptual storage in Sargent
Consulting’s model was configured differently to that adopted by SKM. Somehow, either
in the conversion of RAFTS-XP version 5.0 to RAFTS-XP 2000, or in the provisioning
process, the operation of the conceptual storages used by Sargent Consulting differed
from that originally devised by SKM.

Mr Babister expresses “serious concern” that the only locations where the model
estimates are reliable are downstream of these conceptual storages. The basis for this
view is not clear, as reasonable comparisons of historic flood events with model
simulations (in terms of peak, shape, and timing) were derived for a large number of sites
at locations upstream of these nodes. The locations of these points of comparison are
shown in Figure 1, and plots of model performance at these locations for the 1955 and
1974 events are provided in SKM (1998, 2004).

It is noted that the comments made concerning the “very unorthodox” conceptualisation
of the RAFTS-XP model reflect the views of Mr Babister; Sargent Consulting expresses
their views in terms of sensitivity of the flows to the conceptual storages as they existed
in their version of the model. It should also be noted that Prof Mein (1998) did not raise
concerns with conceptualisation in his review.
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Figure 1: Location of calibration points used to
develop the RAFTS model in SKM (1998, 2004).
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Hydraulic Model

17. The general inference made in paragraphs 22 and 23 is that the use of the Resistance
Radius method in the MIKE-11 model has a major effect on the performance of the flood
model for flood events of different magnitude to the calibration events. Reports by KBR
(2002) and WMAwater (2011°) are cited to support this view.

18. The text of the KBR (2002) report suggests that changes to Manning’s n values were
required when switching from Resistance Radius method (as adopted by SKM) to Total
Area Hydraulic Radius (as adopted by KBR). This outcome is not surprising as the latter
approach uses a depth-width averaged velocity in the non-friction parts of the
momentum equations as opposed to the Resistance Radius method which uses a velocity
which accounts for variations in Mannings n across the channel.

19. It is noted that the KBR comments were made in relation to the Bremer River which has
different characteristics to the lower Brisbane River. The Bremer River is a more incised
river which is deeper and narrower than the lower Brisbane River. The Brisbane River in
its lower reaches would not be described as deep given its width (10m to 15m deep and
300m to 400m wide), particularly in large floods where the floodplain is activated. It is
thus considered that KBR’s comments have been used somewhat out of context as the
focus of interest here is the appropriateness of the MIKE-11 model for use in the lower
Brisbane River.

20. Itis also worth noting guidance provided by the developers of the Hydraulic Model in
regard to the use of the two methods (DHI, 2010):

“Choice between resistance radius or hydraulic radius, effective area can depend upon
the nature of the cross-section; if there are significant variations in shape (for
example a river channel plus floodplains), resistance radius is appropriate. If the cross-
section is narrow and deep, hydraulic radius could be more appropriate. Choice also
will depend upon whether your personal experience (and knowledge of Manning
numbers) is based upon one method as opposed to another.

Remember that in most cases the differences between the two methods will be small.
The momentum terms are dependent upon changes along the branch, so if you don't
have significant variations between successive cross-sections there will be even less
difference in the methods.”

21. However, the most important point to note is that the design flood of interest, namely
the “post-dam Q100”, is similar to the magnitude of the historical floods used to calibrate
the model. Indeed the adopted “post-dam Q100" along the lower reaches of the Brisbane
River lies between the peak flows recorded in 1955 and 1974 that were used in
calibration (as these occurred prior to the construction of Wivenhoe Dam). Model
simulations undertaken for the Q100 do not require extrapolation, and thus we can be
confident that the choice of resistance model under these conditions is of little
consequence.
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Brisbane River 2011 Flood Event — Flood Frequency Analysis

1. INTRODUCTION

1 This report was prepared at the request of the Queensland Floods Commission of
Inquiry (The Commission). It investigates the 1% AEP (Q100) flood level on the Brisbane
River from Moggill to the ocean and assesses the probability of the 2011 flood event. An
addendum report will address similar issues on the Bremer River.

2 While every attempt has been made to conduct a thorough, rigorous and scientific flood
frequency analysis, there have been a number of difficulties in developing a dataset
suitable for this purpose. In particular, the analysis relies on adjustments to recorded
levels at Brisbane River Port Office to account for changes to river morphology, and is
dependent on the use of a rating curve to convert recorded levels into flows. WMAwater
consider that the flood frequency assessment could be improved by undertaking further
steps to improve the rating curve and the adjustments to the historical record. Measures
by which such improvements can be made are identified in this report, but require a
much longer timeframe than that available for this assessment. It is recommended that
further investigations be undertaken including a thorough review of the rating curves,
assessment of astronomical tide influence in the historical record, and development of a
suitable two-dimensional model of the Lower Brisbane River to assess the effects of
geomorphological changes.

3 Section 2 of this report outlines the scope of the investigation. Section 3 provides
background on determining design flood levels, the use of the 1% AEP level for planning
purposes, freeboard and outlines best practice in conducting a flood frequency analysis.
Section 4 details the history of flooding on the Brisbane River. Section 5 provides a brief
summary of previous estimates of the 1% AEP flood level and flow. The rating curve and
associated data used in this investigation and how it was derived is detailed in Section 6,
while Section 7 details the analysis. Section 8 presents the main conclusions and
outlines a process for developing robust flood frequency estimates.

4 This report interchangeably uses the terms 1% AEP, 100 year ARI and Q100. In
Queensland the term “Q100” is regularly used to denote the level or flow that has a 1%
chance of occurring in any one year. “Q” is normally used in water engineering to denote
flow, so application of the term “Q100” to indicate flood level can create confusion. The
term is not widely used in practice outside Queensland. The distinction can be
particularly important in coastal areas, as the 100 year ARI flood level in the lower
reaches of rivers is caused by a combination of ocean levels and flow (and other
contributing factors) and is not necessarily a result of 100 year ARI flow alone.

WMAwater 1
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2. SCOPE

5 The Commission has requested that Mark Babister of WMAwater undertake the following:

1. Conduct a flood frequency analysis and determine the 1% AEP flood level for key
locations on the Brisbane River below its junction with the Bremer River and on the
Bremer River in the vicinity of Ipswich using information available prior to the January
2011 event. This work should be used to determine 1% AEP flood levels at up to 8
key locations in the Brisbane and Bremer Rivers and to produce 1% AEP flood
profiles. This work should include a review of the SKM 1% AEP flood profile.

2. Repeat task 1 with the 2011 event included in the historical dataset.

3. Using results of task 1 and 2 determine the ARI and AEP of the January 2011 floods at
particular points along the Brisbane River and Bremer River.

6 The following locations were identified as being of interest between Moggill and Brisbane:

e 13 Bridge St., Redbank (off-bank),

e Cnr. Ryan St. and Woogaroo St., Goodna,

e Corner Moggill Rd, Birkin Rd, Bellbowrie (Coles),

e Corner Thiesfield St, Sandringham PI, Fig Tree Pocket,
e 312 Long St East, Graceville,

e Brisbane Markets, Rocklea,

e Softstone St, Tennyson (Tennyson Reach apartments),
e 15 Cansdale St, Yeronga,

e 42 Ferry Rd, West End (Aura apartments),

e 81 Baroona Rd, Paddington (Epic Cycles), and

e Brisbane City Gauge.

WMAwater )
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3.

3.1.

10

11

BACKGROUND ON DETERMINING DESIGN FLOOD LEVELS

Use of 1% AEP Flood Level for Planning Purposes

For planning purposes it is necessary to decide what level of flood risk is acceptable for
individuals and the community. Ideally planning levels should be decided on the basis of
risk, where both probability and consequences are considered, but in most locations in
Australia the 1% AEP (100 year ARI) flood is designated as having an acceptable risk for
residential planning purposes regardless of the consequences. This approach often leads
us to a planning level, line or map which defines whether flood-related controls on
prospective development are applicable or not.

The 1% AEP (100 year) flood level has not always been utilised for flood planning
purposes. Prior to the use of the 1% AEP (100 year) as a design flood standard it was
common for communities to simply use the largest historical flood on record for planning
purposes. The 1% AEP (100 year) planning level was first adopted for residential housing
in the ACT in the 1970s and has subsequently been adopted in most locations throughout
Australia. The 100 year standard is also used extensively in the USA.

9 While the use of a standard event such as the 1% AEP (100 year ARI) flood event for

planning purposes may provide a level of consistency, ideally flood planning levels would
be determined on the basis of a flood risk assessment. While such flood risk
assessments have been carried out in many locations throughout Australia there has
been a reluctance to move away from the 1% AEP flood standard. Floodplain risk
management studies often show that there are strong social and economic reasons for
considering a higher standard in some locations, such as:

e Where rare flood levels are significantly higher and likely to cause significant
devastation (an example would include locations where the 200 year event is over
2m above the 100 year ARI event); and

e Where inundation of the location will have significant economic and social
consequences for a much wider region (an example would be the inundation of
the CBD and regional service section of a major city or town, which may
disrupt/prevent the provision of essential services for a much larger regional
population).

For these reasons the city of London is moving to a planning level above the 0.2% AEP
(500 year ARI) level for the Thames estuary. Many parts of the Netherlands use planning
levels above the 0.1% AEP (1000 year ARI) level as in many places inundation would
have catastrophic consequences (including loss of life) and take many months to pump
out.

It is very rarely possible to eliminate flood risk as this would require placing development
above the Probable Maximum Flood (PMF) level which cannot generally be justified on
economic grounds and in other cases may simply not be physically possible.

WMAwater 3
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12

13

3.2.

14

15

16

3.3.

17

The 1% AEP (100 year) flood is a theoretical flood with a specified probability of being
exceeded. An actual flood event is whatever happens to occur, and may be larger than, or
less than, the 1% AEP (100 year) event and may vary in probability along the reaches of a
long river.

Any actual flood event will vary in some manner from the 100 year event. Such variations
are primarily due to differences in rainfall, as the rainfall that occurs in an actual event is
different in duration, intensity and spatial and temporal pattern to that which is used to
derive the 100 year flood. Variation in other flood producing factors, for example how wet
the catchment is before the event, or the location of the storm centre within the catchment
can also have an impact on the size of flood, and also contribute to differences.

Freeboard

Freeboard is used to account for several factors including uncertainty in the flood estimate,
differences in water level across the floodplain due to local factors, wind waves, waves
caused by passing vehicles and the cumulative effect of future development. Freeboard is
in effect a factor of safety that allows for uncertainty in underlying data and is commonly
used in both Australian and international practice. The NSW Flood Development Manual
describes the purpose of freeboard as being “to provide reasonable certainty that the
reduced risk exposure provided by selection of a particular flood as the basis of a FPL is
actually provided.” (Reference 24, Appendix K7).

The additional buffer that freeboard includes an allowance for any minor increases in flood
level due to the building of key infrastructure projects (such as roads and rail lines), which
may have a cumulative impact on flood levels. In practical terms this ensures that minor
changes in the 1% AEP flood do not result in houses falling into a high flood risk category.

Freeboard traditionally varies between 300mm (0.3m, or 1 foot) and 500mm (0.5m) but
can be up to 1m in places. It is considered best practice in Australia to use 500 mm. In the
coastal zone a separate allowance is often made for sea level rise resulting from climate
change, as the impact of sea level rise decreases with distance from coast. Different
freeboard amounts can often be applied to different types of development such as critical
infrastructure or commercial/industrial development.

Flood Frequency Analysis Theory

The two basic methods for determining the probability of different flood levels are Flood
Frequency Analysis (FFA) and the rainfall based Design Flood Method (DFM). FFA is the
process of fitting a probability distribution to a series of flood peaks at a particular location.
The DFM fits a probability distribution to observed rainfall and uses hydrologic and
hydraulic modelling techniques to convert catchment rainfall of a certain probability to a
flood level or flow, which is assumed to be of the same probability.

WMAwater 4
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FFA provides a direct measure of flood probability and does not require assumptions
about the different catchment wide processes and variables that contribute to peak flood
levels or flow at a particular location. This allows for all the historically observed variability
in rainfall intensity, storm volume, storm duration, storm type and antecedent conditions to
be included. Unlike the DFM, FFA also provides a measure of the uncertainty of flood
estimates. FFA is the method that most other flood estimation techniques used in
Australian Practice are checked against.

While flood frequency has a number of advantages, as it can only be used when:
e Along flood record exists,
e The flood record is homogenous or can be adjusted to a near homogenous state,
e Areliable rating curve exists, and
e The probability of the event to be derived does not require extrapolation too far
beyond the observed record length.

FFA should not be used to extrapolate far beyond the extent permitted given the period of
record, as estimates are very dependent upon the assumed distribution. For example, a
dataset with a 20 year length of record will not give a good estimate of the 1% AEP (100
year ARI) flow. When estimating rare events well beyond the period of record, rainfall
based methods are recommend by Australian Rainfall and Runoff 1987 (Reference 7). In
this situation rainfall based methods have advantages over FFA, as the probability of rare
rainfalls can be estimated by regional techniques and extreme events can be
approximated by methods that consider the limits of storm efficiency and the moisture
holding capacity of the atmosphere.

The historical flood record can be analysed using either an annual series (where the
largest event in a calendar or water year is extracted) or a Peak Over Threshold (POT)
series (where the largest independent peaks are extracted). In South East Queensland a
water year needs to start in winter as nearly all flood events occur in the wet season (over
late spring and summer). For the analysis presented in this report, a water year is defined
from July to June. While several floods occurred in 2010-2011 water year only the January
flood (the largest) would be considered in an annual series. A POT series can be difficult
to extract as there is no definitive way to determine if events are independent, which is a
requirement of FFA. For this reason it is often not used. For example in February 1893,
three floods occurred within 3 weeks, and while these events were probably caused by 3
separate meteorological events, the wet catchment and swollen rivers produced by the
first flood influenced the magnitude of the subsequent flood peaks.

The current best practice advice on conducting FFA is contained in the ARR Draft chapter
of the current revision of ARR (Reference 28). The major changes in the application of
FFA (from those described in ARR 1987 (Reference 7) in Australia are:
e The removal of the recommendation to use the Log Pearson 3 (LP3) distribution,
and
e The replacement of log space moment based fitting techniques.

WMAwater 5
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3.3.1. Probability Distribution

23

Many probability distributions have been applied to FFA and this has been a very active
field of research. However, it is not possible to determine the “correct” form of the
distribution and no rigorous proof exists that any particular distribution is more appropriate
than another. ARR (Reference 28) provides further discussion on this issue. Two broad
approaches are possible. The first is to use a range of distributions and adopt the one
which provides the “best fit”. The other is to use a single distribution for a region. While
no distribution is recommended the Generalised Extreme Value (GEV) and Log Pearson 3
(LP3) are suggested as a starting point (Reference 28) as they have been shown to fit
Australian data well.

3.3.2. Fitting Method

24

25

26

Recent research has suggested that the fitting method is as important as the adopted
distribution. The traditional fitting method has generally been based on moments and this
makes the fit very sensitive to the highest and lowest observed flow values. Recent
research has shown that L-moment and Bayesian likelihood approaches are much more
robust than traditional moment fitting and hence these are the current recommended
methods.

For this analysis a Bayesian maximum likelihood approach has been adopted in
preference to L-moments because the method allows the inclusion of large historical flood
information outside the period of continuous record. While not necessary at the Port Office
it would be required at other locations.

This study used the Flike flood frequency analysis software developed by Kuczera
(Reference 29).

3.3.3. Historical Flood Information

27

28

In many locations in Australia data detailing the early flood record (from early settlement
and hence prior to the establishment of continuous gauging stations) is incomplete and
only the large events tend to be well documented. Where major floods are known to occur
it is possible to include this information in modern flood frequency analysis via Bayesian
methods. This is particularly important where these early floods are known to be larger
than those contained in the continuous record even if little is known about the exact height
or flow.

It is very important to include historical information when the continuous historic record
does not contain many of the top ranking historic events. To not do so will probably result
in underestimation of the probability of flooding.
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3.3.4. Rating Curve

29

Flood frequency analysis is typically undertaken on flows, not flood levels, as flows lend
themselves to the FFA methods and assumed distributions. As flow is not generally
measured directly, a rating curve is required to convert observed peak flood levels into
flow. The rating curve (height-discharge relationship) adopted for the estimation of stream
flows from the recorded gauge heights is critical to the success of flood frequency
analysis. A poor quality rating curve results in a poor estimate of flow. Where there has
been a significant change in river cross section or where flow is affected by tidal effects or
tributary inflows a family of rating curves is often produced.

3.3.5. Long Term Climate Variability

30

31

32

33

34

The flood record on the east coast of Australia exhibits periods of a decade or longer
timescale that are flood or drought dominated. This was first recognised by Erskine and
Warner in 1988 (Reference 30).

Short term climate variability on the east coast of Australia is characterised by the
interannual El Nino/Southern Oscillation (ENSO). There is a marked increase in flood risk
in eastern Australia during the La Nina phase. The El Nino phase typically contains few
major floods (Reference 31).

There is also considerable evidence that longer term processes have a major impact on
flood risk. The Inter-decadal Pacific Oscillation (IPO) is a pattern of Pacific Ocean
temperature variation that shifts phase at a timescale typically lasting 15-30 years. On the
east coast of Australia nearly all large events occur during an IPO negative period.

Figure 1 shows the IPO index from 1880 to 2000. Note that the two large flood events in
that period in Brisbane occur close to IPO low points.

It is important that flood frequency analysis is carried out over a long period so that the
results are not biased to either of these climate cycles.
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Figure 1: IPO Index 1880-2000

3.3.6. The Need for a Homogeneous Data Set

35 When conducting a flood frequency analysis a homogeneous data set, which is consistent
and based on the same catchment conditions is required. The homogeneous data set
needs to be free of the impacts of dams, levees, and significant changes in urbanisation
and the river morphology. Creating a homogeneous data set is often not a simple process.
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4.

4.1.

36

37

38

39

BRISBANE RIVER FLOOD HISTORY

Flood History

Little information is often available for floods that occurred early in the settlement of a
region. However, historical flood information can be found from official correspondence,
newspapers and even old parliament session documents. When examining historical flood
records there is a desire to find accurately measured records. FFA techniques used in the
past meant that where only vague information (such as “it was larger than the 1893 flood”,
or “it was the largest observed flood”) was available it could not be incorporated into the
analysis. However, the use of modern Bayesian techniques has meant this prior
information can be incorporated. It is important if implementing this approach to determine
whether the floods were actually significant. For example when people first settle a region
they are still trying to establish what is the “norm” with regard to flooding, so there is often
several floods called “significant” which are not that significant.

Historically studies of the Brisbane River have been reluctant to place too much weight on
earlier events (Reference 16, Section 5). Investigation of historical records suggests there
is plenty of evidence to prove the early events are credible and significant. The 1841 event
was recorded in a number of locations and was discussed in the QLD Parliament after the
1893 event. Credible evidence also exists for the magnitude of the 1844 event. There are
also references to earlier floods (1824, 1825, 1836, 1839 (Reference 32)) however,
besides the 1825 event, they appear not to be significant, and for all these early events the
evidence is not detailed enough for their inclusion.

Looking at historical events and comparing or ranking them with more modern events is
complicated by the changes in the River that have occurred over the years since
European settlement. These changes are discussed in Section 4.2 and include dredging,
river widening and also the construction of Somerset and Wivenhoe Dams.

While the 1974 flood was very significant, when looking at the full flood record (1841-2011)
with appropriate adjustments made for the impact of dams and dredging of the river, under
current conditions the 1841, 1893 (2 events) and 2011 are larger than the 1974 under pre
and post dam conditions.

4.1.1. 14" January 1841

40 The 1841 flood is the highest recorded in Brisbane’s history at 8.41m AHD at the Port
Office gauge. According to Reference 32:
“In 1896, JB Henderson, the Government Hydraulics Engineer in an
address to Parliament reported that he found by examination of
earlier plans that the 1841 flood was [7 centimetres] higher than
the flood of 5th February 1893."
WMAwater 9
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While the 1841 flood produced the highest recorded flood level at the Port Office when
proper adjustments are made for changes in the river it is no longer the largest known
flood on the Brisbane River. In 1841 a sandbar was present at the mouth of the Brisbane
river which exacerbated the flood levels upstream and no works had been carried out to
dredge and straighten the river. Accounting for these factors would reduce the flood level
by an estimated 1.92m to 6.48 mAHD at the Port Office gauge.

4.1.2. 10" January 1844

42

The 1844 event peaked at approximately 4 feet below the level of the 1841 event at 7.03
mAHD. The adjusted 1844 level is 5.11 mAHD.

4.1.3. February 1893

43

44

1893 was a wet year on the Brisbane River with several flood peaks occurring including 3
floods within February (peaking on the 5", 12" and 19"). The first and largest event
resulted in a peak of 8.35 mAHD recorded in Brisbane. The second event peaked at
2.15m AHD, with the third event peaking close to the level of the first at 8.09m AHD.
Houses were washed away at Ipswich and Brisbane. During the first event the “Elamang”
and the gunboat “Paluma” were carried into the Botanical Gardens area, and the "Natone"
onto the Eagle Farm flats. In the third event these boats were refloated.

It is noteworthy that the 1893 flood peak of 8.35 mAHD occurred following the removal of
the downstream bar in 1864 and in a period when the Brisbane River was being dredged
on an ongoing basis to improve River navigability.

4.1.4. 25-29"™ January 1974

45

The 1974 event was the highest flood recorded on the Brisbane River during the 1900’s
with the river peaking at 5.45 mAHD. During the event 8,000 households were affected.
The flood peak at the Port Office would have been marginally higher had Somerset Dam
not been constructed in the 1940’s (completed in the 1950’s). The substantial river works
carried out since 1893 are estimated to have lowered this flood level by approximately
1.5m (Reference 18).

4.1.5. January 2011

46

47

The January 2011 event was the largest experienced on the Brisbane River since the
construction of Wivenhoe dam. The river peaked at a height of 4.27 mAHD at the Port
Office gauge and 4.46 mAHD at the City gauge. Despite the gauges being located directly
opposite each other on either bank of the river a discrepancy between the two was
recorded. This issue was raised in Reference 39.

The Port Office gauge is located at a dock on the left bank of the River at the corner of
Edward and Alice streets. The City gauge lies at approximately the same river chainage
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but on the right bank. The Port Office gauge is operated by Marine Safety Queensland
(MSQ) which is a State agency lying under the Department of Transport and Main Roads.
Conversations with MSQ staff in the Tides Office indicate that the discrepancy is known
and attributed to mechanical failure of the City gauge. The City gauge is operated by
Seqwater and is the gauge which the BOM Brisbane Flood Alert System currently refers
to.

48 Whether or not these discrepancies are attributed to the failure of the City Gauge or
transverse slope on the river due to the river meander upstream of the gauges is not

known. Of interest would be whether Seqwater believe they experienced any mechanical
failure with respect to gauged water level at the City gauge during the event.

4.1.6. Flood Events on the Brisbane River

49 The largest events on the Brisbane River are summarised in Table 1.

Table 1: Brisbane River Flood History

Recorded Flood Level
Event
(MAHD)
1841 8.43
1844 7.02
1890 5.33
1893 (5" February, a) 8.35
1893 (19" February, b) 8.09
1898 5.02
1974 5.45
2011 4.27 (4.46)

Note: Levels as recorded at Port Office (unadjusted for comparability)

50 Historical peak flood heights are available at Brisbane for the Port Office/City gauge,
Lowood, Moggill and Savages Crossing. Table 2 summarises the period for which data is
available. Several other gauges with shorter record lengths have not been included.

Table 2: Period of Record

. Period of Record
Location Start End
(Years)
Moggill 1966 2011 46
Lowood 1910 2011 102
Port Office/City Gauge 1841 2011 171

4.2. History of River Changes

51 Changes to the Brisbane River have been driven by three distinct priorities:
1. Navigation — The Brisbane River was an important transport link to agriculturally
valuable lands in the Darling Downs. Dredging and works carried out to aid
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navigation started in the 1860’s and continued through until the 1940’s (Reference
3);

2. Flood Mitigation — from the 1930’s river widening works were carried out and
training walls were installed. These works were aimed at mitigating floods and
reducing problems with sedimentation of the river, as had occurred following the
1893 event (Reference 3); and

3. Development — In recent times there has been a large amount of infrastructure built
on the banks of the river or within the river. These structures can restrict flow
during large flood events and can have localised impacts on flood level. This study
has not attempted to quantify the effects of development on flood behaviour. These
changes are assumed to be small in comparison with the other changes.

With the construction of Wivenhoe dam cutting off sediment supply from a large part of the
catchment, it is unclear if the river has reached a new equilibrium or if accretion is
continuing to occur. This needs to be determined using up to date bathymetric survey and
an appropriate assessment.

4.2.1. Details of River Works

53

54

55

56

57

The Brisbane River has a long history of dredging beginning in 1864. The following text
and table have been largely adapted from References 5 and 19. Dredging locations and
dates are summarised in Table 3.

Originally, a shallow bar covered the entrance to the river to a depth of 5 ft (approx. 1.5m)
at low tide and 12 ft at high tide. Upstream of the bar, the river deepened to 24 ft (approx.
7.3m) until a rocky area at Lytton. In 1864 a channel was cut across the bar to allow larger
ships to access Brisbane port. From 1866 until 1891 numerous smaller dredging projects
were undertaken, including a channel through the Fisherman’s Islands to Pelican Bay, a
channel through Redbank Flats and Cockatoo Shoal in the upper reaches of the river and
the deepening of the river near the Eagle Farm and Pinkenba Flats.

The flood of 1893 undid a lot of the dredging work, silting up the river and reducing its
depth to only 6ft (approximately 1.8m). The bar was also reduced to 8ft 6inches
(approximately 2.5m) in depth. The restoration work to restore the river to pre-flood
conditions was completed in 1895. In the early 1900s, the curves of several river bends
were adjusted to straighten the river and a series of training walls were built to improve
scouring action. Deep dredging was undertaken from Brisbane City to the river mouth. The
deposit from these works was used to create Bishop Island, which also has an influence
on the river flow behaviour. These works were finished in 1912.

Dredging of the river reached its peak in 1940 (Reference 3). The abandonment of the city
for port purposes has lead to the discontinuation of dredging in this region.

The 1999, Brisbane River Flood Study (Reference 17) accounted for the effects of
dredging by adjusting flood heights for the initial bar dredging in 1864 (reduced flood levels
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by 0.4m) and the major dredging works completed in 1912 (reduced flood levels by
1.52m). The adjustment of 1.52m came from an estimate by Henderson (as quoted in
Reference 17) that dredging works would achieve a reduction in flow levels of 5 feet
(approx. 1.5m). Analysis of Moggil and Port Office gauges in the December 1999 report
(Reference 18) suggests that whilst dredging would impact flood levels in line with
Henderson'’s earlier prediction the works would not significantly impact larger floods.

Table 3: Key Dredging Dates, Depths and Locations on the Brisbane River (Adapted from
McLeod, 1977 and Thompson, 2002 (References 5 and 19)

Key Dredging Dates

Date Depth Comments
Bar Draught | River
1824 5-12' 24' 24ft until rocky area at Lytton was reached
1864 11'9" Francis' channel through bar completed
1866 12' Fitzroy dredge- created a channel through Redbank flats
. Brisbane river mouth dredge- Fisherman Islands and across
1867 17 .
Pelican Bank
1871 17' 10'6" Eagle Farm flats dredged, river depth is to town
1874 Cockatoo Shoal dredge
1877 17' 15' Pinkenba Flats dredge
1879 Heath's Channel Dredged
1891b 20' Maintenance dredge
1893 8'6" 6' The 1893 flood silts up the river
1895 15' 15'-16' restoration work from flood damages completed
1898 20’ Lytton Rocks removed
1900’s Tips of bends straightened: Kangaroo point, Garden point,
Bulimba point, Kinellan Point
1900’s A series of Training walls was built to improve scouring action
including the 8,600 Hamilton Wall
: . . A new straight bar cutting was made, spoil created bishop
190 & & island. Major dredging undertaken
1965 Removal of Seventeen Mile rocks
Outer River Bar
/A Inner River Bar
4.3. Impacts of Dams on Flood Levels
58 Wivenhoe and Somerset Dams and their operation have a significant effect on

downstream flood levels. Table 4 summarises their characteristics.

Table 4: Dam Characteristics (Source: Reference 27)

Wivenhoe Dam Somerset Dam
Completed 1985 1959
Water Supply Storage (GL) 1150 370
Temporary Flood Storage 1450 524
. Brisbane River Upstream of Lockyer | Stanley River Upstream of Brisbane

Location '

and Bremer River
Catchment (km?) 7000 including Somerset Dam 1330
Reservoir Surface Area (km°) 107.5 421

WMAwater
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Both dams have a dedicated flood storage component which is used to mitigate floods.
The mitigation benefits of the dam are larger effect on small events. The mitigation
benefits of the dam are greater if the dam is below full supply level.

The 1999 flood was essentially captured by Wivenhoe dam. Modelling by WMAwater of
the 2011 event showed that drawdowns between 0 and 17% had no impact on the peak
flow and downstream flood levels. While a 25% drawdown resulted in a decrease in flood
levels of 300 mm at the Port Office (Reference 38).

A 96 year simulation of Wivenhoe dam carried out by Reference 18 based on daily rainfall
showed the dam was above 90% storage capacity 80% of the time and above 75%
storage capacity 95% of the time. Reference 18 investigated the impact of different dam
levels on the Q100 discharge hydrographs at Port Office using a MIKE 11 model. It was
estimated that at full supply level the peak of the flood was approximately 8500m?/s and at
50% supply level the peak will be reduced by 1800 m%/s.

Because flood events tend to occur in wet periods it can be misleading to use the
probability of different storage levels as the likely level before a flood. There is a much
higher probability that the dam will be near full supply level at the beginning of the event.
This is also confirmed by examining at the historic record. Reference 18 found that prior to
7 out of 9 historic events the dam level would be at or above full supply level. Prior to the
1974 event there would have been enough rainfall to fill the dam to spillway level
(Reference 18). The 2011 event was preceded by 2 events (October and December) and
was full before the event. While we are unsure whether the first 1893 event was preceded
by a large amount of rainfall the subsequent large event (2 weeks later) was.

Figure 2 compares peak inflow and outflow for Wivenhoe dam from a number of sources
for occasions when the dam is full. Also plotted on the graph is the 1:1 line (or 50%
reduction in flow by the dam as recommended by the 2003 Review Panel (Reference 20)).
While there is considerable scatter amongst the data points the graph shows below an
inflow of 6000 - 8000 m%s the attenuation is quite high while around 12000 m%s the
attenuation is quite low. It is not unexpected that there would be some scatter as two
floods could have a similar peak inflow and very different volumes and hydrograph
shapes. There is however a reasonable correlation of volume and peakflow. For peak
outflows up to 4000 m%s (max discharge allowed at Moggill under W3) the discharge is
very dependent on the flow occurring in the Lockyer and Bremer Systems.

The 2011 event has a peak inflow of 11000 m*/s (WMA) and 11500 m®s (Seqwater) and a
peak discharge of 7500 m%/s (giving a reduction of 32-35%). If you average the peak inflow
and outflow to remove some of the oscillations the numbers become much closer.

Figure 3 to 5 depict pre and post dam flow at Port Office, Moggill and Savages Crossing.
The 50% reduction line, as adopted by the 2003 Review Panel is also shown.
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Figure 2: Inflow vs Outflow Wivenhoe Dam

Figure 3: Port Office- Pre and Post dam flow
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4.4.
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67
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Other Effects on Historical Flood Records

Other factors which influence historical flood record (either effecting the volume of runoff
or effecting flow behaviour) and result in a non-homogeneous record include:
e Urbanisation,
e Extraction for water supply,
e Changes in catchment vegetation, and
e Obstructions in the river eg. bridges, walkways which restrict flow and reduce
flood storage.

Urbanisation increases the amount of impervious surfaces, resulting in an increase in the
runoff volume. The effects of urbanisation are most pronounced on small floods and on
small catchments. Significant urbanisation has occurred in the Lower Brisbane River
Catchment since the 1970’s, but the total amount of urbanisation in the catchment is
relatively small. Urbanisation can be neglected when assessing flood risk on large rivers
like the Brisbane river, however it is important when looking at flooding on small creeks
and tributaries.

Extraction of water for water supply (eg Wivenhoe dam) lowers dam levels and potentially
increases the amount of mitigation that can be achieved by the dam. This is discussed in
Section 4.3.

Deforestation or the removal of vegetation can also increase the runoff during an event.
This effect is much more pronounced in small floods.

Obstructions that affect the flow behaviour or restrict storage will result in localised
increases in flood levels. In the Brisbane CBD for example there are a lot of obstructions
to the flow in the form of bridges and walkways. Most bridges only have a relatively minor
and localised impact when the water level is below the underside of the deck.
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5.
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PREVIOUS STUDIES OF Q100 AT PORT OFFICE

A significant number of flood studies and subsequent reviews have been undertaken on
the Brisbane River. Since the 1970’s there have been several revisions to the Q100 flow
and flood level although WMAWater understand that the Flood Planning Level (FPL),
established in 1984, has remained constant. Lower Brisbane River studies have generally
referred to the Brisbane City and/or Port Office gauge. Although these gauges are at the
similar chainage along the Brisbane River they are on opposite banks. Further discussion
on the discrepancies between the two is discussed in Section 4.1.5 and 6.

Following the flood event of January 1974 the Cities Commission engaged Snowy
Mountains Engineering Corporation (SMEC) to determine flood damage along the
Brisbane River for floods of various magnitudes (Reference 3). This study also produced
flood maps that show areas inundated for a range of flood heights between 2 mAHD and
10 mAHD at the City gauge. Included in the study was a flood frequency analysis carried
out by Brisbane City Council using an annual series from 1887 to 1974.

Grigg (Reference 4) undertook a ‘comprehensive evaluation of the proposed Wivenhoe
Dam on the Brisbane River’ in 1977. Although no Q100 design event flows were estimated
for the Brisbane City gauge it is noted that the probable frequency of the Brisbane City
gauge reaching 8 mAHD is 1 in 110 years (before the addition of the Wivenhoe dam)
based on a flood frequency analysis. Hausler and Porter completed a report on the
‘Hydrology of Wivenhoe Dam’ in September 1977 (Reference 33) which, although
completed before the full design of the dam was completed, includes the dams predicted
effects. It was this study which provided the original design estimates of Q100 for
Wivenhoe dam although it does not include flood estimates at the Brisbane City gauge.

The first study to establish design flows for the area downstream of the Wivenhoe dam
was Weeks (1984, Reference 6). This report built upon the findings of his 1983 report on
design floods at the dam itself. Design floods were calculated by using the design rainfalls
as input into a calibrated runoff-routing model. Weeks (Reference 6) estimated a Q100
flow of 5510 m%s at the City gauge when Wivenhoe dam was in operation. This allowed
for a peak outflow from the dam of 3500 m®s. By January 1985, for the purpose of the
Wivenhoe Dam Operations Manual, Hegerty and Weeks (Reference 34) undertook a flood
frequency analysis of flooding in the lower Brisbane River catchment taking into account
operation of the Somerset and Wivenhoe dams. Flood frequency plots suggest a Q100
peak flow of up to 6800 m*/s was derived for the Brisbane City gauge (Reference 34). A
number of subsequent reports quote a Q100 peak flow of 6800 m%s derived in a 1984
study which was apparently used to set the flood planning levels. This 1984 report is
referred to in the June 1999 City Design report (Reference 17) as being the “most recent
study completed by Council’s Water Supply and Sewerage Department”. While WMAwater
have not been able to obtain a copy of this report, it is thought this may be an earlier
version of Hegerty and Weeks, January 1985 (Reference 34).
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75 Following the completion of Wivenhoe dam 1985 a number of hydrology reports and
design flood estimate studies were undertaken to establish peak flows both at the
Wivenhoe dam and downstream in Brisbane City. Greer's 1992 study includes a summary
of information from analyses completed prior to 1991 for Q100 and PMF pre and post dam
scenarios (Reference 8). This study only references a pre dam peak flow of 11 500 m%s
for the City gauge to Brisbane City Council 1984. Ayre, Culter and Ruffini undertook
calibration of runoff-routing models in 1992 (Reference 9, which it is believed is also
known as the DNR report Brisbane River Flood Study 7a). In March 1993 a DNR report
(Reference 10) revised the peak flow estimate up to 8580 m%/s. This report was apparently
considered a ‘draft’ and revised in August 1993 (Reference 14). Reference 14 adopted the
higher value of 9120 m%s for the Q100 peak flow at the Port Office based on a storm over
the whole Brisbane catchment, as this spatial pattern was critical for the PMF. However, a
value of 9380 m*/s was also given for a storm in only the Upper Brisbane catchment and it
seems it is this value which has been referenced in subsequent documents (Reference 17
and 23).

76  The next major study is the June 1998 SKM Brisbane River Flood Study - Final Report
(Reference 15). This study used hydrologic and hydraulic models that were calibrated to
four events and verified against another four events to establish a post dam peak Q100
flow of 9560 m%s at the Port Office. A design flood level for this event was estimated as
5.34 mAHD at Port Office. In December 1998, Brisbane City Council commissioned a
review of this report by Mein (Reference 16). This review suggested that, although the
approach used in the report was appropriate, the magnitude of the Q100 peak flow was an
over estimate. The review considered that:

e Too much emphasis was given to historic events in the 1800’s suggesting a
higher emphasis should be placed on historic events from the 1900s, and

e Questioning the assumption that the dams were full prior to an event was
questionable.

77  Revision the analysis based on the above considerations would have the effect of reduing
the peak flow estimate. The review was also concerned about the misclosure between
flood frequency analysis and the rainfall runoff approach. The concern was focused on the
use of zero losses and the absence of an areal reduction factor to reduce the misclosure.

78 A year on from SKM’s original Brisbane River Flood Study, City Design Brisbane City
Council completed the Brisbane River Flood Study June 1999 (Reference 17). This report
suggested that the most recent Flood Study prior to this was in 1984 and that SKM’s 1998
study was only completed to draft status. This study addressed some of the
recommendation from Mein (Reference 16). The study found that the 1% AEP (100 year)
design flood levels in the river were significantly higher than the current development
control levels (set by the 1984 study) by 1m up to almost 3m (Reference 17, Section 6). It
estimated a Q100 peak flow of 8600 m?/s and level of 5 mAHD at the Port Office gauge. It
concluded that if current development control levels remained that these would have a
return period of 1 in 55 years. One of the most important opinions expressed in this report
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79

80

81

82

83

is “The simple option of saying that the current development control level represents the 1
in 100 flood level is not valid.” (Reference 17, Section 8).

These new flows and level were not adopted and instead City Design prepared a Further
Investigations into the Brisbane River Flood Study in December of the same year
(Reference 18). In this report the peak flow for the 1893 event was reduced and thus
reduced the estimate of Q100 peak flow by 600m?/s to a value 8000m?/s at the Port Office
Gauge and the design flood level from 5 mAHD to 4.7 mAHD.

It would appear that this level was still not adopted as a planning level and SKM were
commissioned by Council to prepare two further reports which were issued on 8" and 28"
August 2003 to an Independent Review Panel (Reference 20). These reports have not
been made available to WMAwater, although we have been assured that it is essentially
the same as the final report issued December 2003 (Reference 21), it is not known what
changes were made between the August and December SKM reports. Based on the two
SKM August 2003 reports, the independent review panel concluded that a Q100 peak flow
of 6000 m®s with dam with an estimated flood level of 3.3 mAHD at the Port Office gauge
was a more likely estimate than previous estimates of over 8000 m*s. The panel also
recommended that a plausible range of #1000 m%s and +0.5m for peak flow and level
respectively was appropriate. The review proposed a pre dam flow of 12 000 m*/s and that
the dams reduced the flow by 50%. It is noted that the 2003 Review Panel terms of
reference includes the following statement “Even if the Q100 changes from 6800 m?/s, it is
likely that the Development Control Level will remain the same as is currently used in the
Brisbane City Plan.”

In December 2003 the final report was issued by SKM (Reference 21). This report “used
the rainfall-runoff model developed as part of SKM’'s 1998 study with additional information
and statistical techniques to reassess the plausible range of the Q100 flood”. The report
gives an estimated Q100 peak flow at Port Office Gauge of 6500 m®s with a range from
5000 m®/s to 8000 m*/s corresponding to a flood level of 3.51 mAHD with a range of 2.76
mAHD to 4.41 mAHD. SKM suggest that the peaks are lower than in their previous 1998
study as areal reduction factors were used, there was more consideration of variation in
temporal and spatial characteristics of rainfall, better knowledge of dam operating
procedures and inclusion of regional streamflow information in the statistical flood
frequency analysis.

SKM re-calibrated the 1998 Mike 11 hydraulic model to determine 1% AEP (100 year ARI)
flood levels in a report from February 2004 (Reference 22). Although the December 2003
report had later found Q100 to be 6500 m%s, the 2003 Review Panel recommended Q100
flow of 6000 m*s at the Port Office gauge be used to giving a Q100 flood level at the
Brisbane Port Office of 3.16 mAHD.

A number of other studies were undertaken between 2004 and the January 2011 flood
event although none revised the Q100 estimate. Following the January 2011 event, the
Joint Flood Taskforce released a report in March (Reference 27) which states that the
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current Q100 peak flow was last estimated in 2003 to be 6000 m®/s with a corresponding
flood level of 3.3 mAHD including the uncertainty bounds as recommended by the 2003
Independent Panel Review. The Taskforce report (Reference 27) states that at the time of
the 2011 flood, Brisbane City Council had defined the Defined Flood Event (DFE) to be
6800 m®/s and the Defined Flood Level (DFL) to be 3.7 mAHD. This was first set in 1978
and reconfirmed in 2003 (Reference 27, page 17). WMAwater were not provided with any
1978 reports to confirm this, and as this is also prior to the construction of Wivenhoe dam,
it is assumed this is may actually a reference to the works undertaken in the 1984 report (a
copy of which has not been provided). As an interim approach to apply until the conclusion
of the Commission of Inquiry and the conduction of a comprehensive flood study
recommended by the Taskforce, the Taskforce recommended that the peak flood level
from the January 2011 event now be used as the level on which Brisbane City Council
bases its considerations for setting habitable floor levels and decisions concerning new
development and redevelopment.

84 Table 5 below summarises the change in estimates of Q100 and flood levels at the Port
Office gauge over time based on the reports reviewed. This information is also presented
in Figure 6 and Figure 7. It should be noted that these estimates were not adopted by
Council for flood planning levels and WMAwater believe that the flood planning levels have
stayed constant since either 1978 or 1984.

Table 5: Estimates of Q100 peak flow (including effects of Wivenhoe dam) and flood level at
Brisbane City / Port Office gauge

Report/Study Date Q100 Pe;ak Flow Q100 Peak Level
(m%/s) (mAHD)
November 1984 5510 -
1984 (unknown report) 6800 3.3
January 1985 6800 =
March 1993 8580 -
August 1993 9120/ 9380 -
June 1998 9560 5.34
June 1999 8600 5.00
December 1999 8000 4.70
September 2003 6000 (+1000) 3.3 (20.5)
December 2003 6500 (x1500) 3.51 (range 2.76 t0 4.41)
February 2004 6000 3.16
March 2011 - 4.46/4.27*

* January 2011 Flood Level at City Gauge / Port Office Gauge
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Figure 6: Changes in Q100 Peak Flow Estimates at Port Office/Brisbane City Gauges

Figure 7: Changes in Q100 Level Estimates at Port Office/Brisbane City Gauges
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6.

6.1.

85

86

6.2.

87

88

RATING CURVES

Introduction

Rating also known as height-discharge curves, are developed for a specific location,
usually a gauging station, in order to convert height (stage) into a value of discharge
(flow). Ideally a rating curve will be developed for a location with stable cross section
geometry. Rating curve accuracy can also be compromised when the location is prone to
backwatering or tidal influence. The rating curve is best developed using a series of
gaugings (height and discharge observations) from a number of different sized events.
The 2011 flood event highlighted the need to revise key rating curves within the Brisbane
River catchment.

A series of rating curves were developed at the Port Office gauge using the current
SKM/Seqwater Mike 11 model (Reference 35), earlier Mike 11 modelling by Brisbane City
Council and SKM (Reference 18), estimates of flow from previous studies and information
about tides and dredging.

Deriving a Rating Curve

A rating curve is often developed based on a series of data sources and techniques. This
may include observations of height and discharge, which are typically limited to smaller
events due to the rarity of and access issues associated with large flood events. In order
to extend the rating curve beyond observed events, extrapolation techniques are often
employed. Extrapolation methods include hydrodynamic models, simple hydraulic
equations such as Manning’s equation or curve fitting techniques.

While a rating curve is best derived from a series of observed height and discharge
gaugings, if data is not available or are unreliable a rating curve may be developed using a
calibrated hydrodynamic model which should be informed by accurate and relevant
bathymetric and topographical data. To ensure the robustness of a rating curve derived
from a hydrodynamic model sensitivity to downstream levels, tides and changes in cross
section topography should be tested.

6.2.1. Bathymetric Data

89

The previous studies appear to have used three sets of bathymetric data. Detailed survey
was conducted in 1873 from Victoria Bridge to Moreton Bay (Reference 18). Following the
1974 flood event the Department of Harbours and Marine carried out a detailed survey
(Reference 3, Part 3 Section 3). The 1998 - 1999 SKM and BCC studies (Reference 15,
17, and 18) appear to have accessed newer survey however no date is given. We have
not had access to this data in its original form. Data such as this is critical to the
development of a rating curve and is important for understanding how the river changes
with time. Reference 18 incorporated the 1873 survey into a Mike 11 model to estimate
conditions for the 1893 flood event.
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90

Collection and review of bathymetric data and its use in a two dimensional (2D)
hydrodynamic modelling would substantially aid current efforts to construct rating curves
for the Port Office which are representative of height-discharge conditions at the time of
large flood events (eg. 1893 and 1974).

6.2.2. Topographic Data

91

92

6.3.

93

94

Depending on the size of a particular event, rating curves can be sensitive to overbank
conditions and topography. Often a change in slope is seen in the rating curve as flow
enters the overbank. Future work utilising 2D hydrodynamic modelling to develop rating
curves specific to a point in time needs to ensure that overbank topography is
representative of the time of the event in question.

If a 2D model is developed it should use high resolution survey data (LiDAR) for current
conditions. To model earlier events it would be necessary to draw upon a range of data
sets including aerial photography, ortho-photo maps, 1873 and 1974 survey details.

Port Office Rating

The Port Office gauge is located approximately 1km upstream of the Storey Bridge on the
left bank of the Brisbane River. It is operated by Marine Safety Queensland, part of the
Department of Transport and Main Roads. A second gauge, the Brisbane City gauge, is
located directly opposite on the right bank of the river. This gauge is operated by Seqwater
and is central to the Brisbane flood warning system. In most instances the Port Office and
City gauges will record identical information and as such the names of each are used
interchangeably.

While previous studies have developed a rating relationship there appears to be no official
rating curve for the Port Office/City gauge. In the many reports reviewed few details are
given in regard to the rating curve used to convert historical stage observations (at Port
Office) into associated peak discharges. A consistent feature of the reviewed reports is
that the existence of a rating curve can only be implied, other than Reference 15. Although
sufficient details of the rating curves are not provided in previous reports, various reports
suggest that they have been provided by BoM, Brisbane City Council, or developed based
on modelling.

6.3.1. Observed Height-Discharge Data

95

A key objective of reviewing previous reports was to establish observed height-discharge
observations for the Port Office, or other locations, that could be used in establishing a
reliable rating curve. There were very few documented instances where height and
discharge were measured, many of which did not present the actual measurements. For
most gauges, gaugings tend to be in the lower range of floods however because the Port
Office is effected by tides most tended to be in the upper ranges.
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96

97

During the review of previous reports, information was found that indicated that many
gaugings had previously been undertaken. Reference 3 indicated that significant gauging
of discharge had been carried out for events in 1931, 1951, 1955 and 1968 although none
of the original information relating to these gaugings has been found in any of the available
reports. Further investigation could likely unearth these and such work would be of some
help in confirming the rating curve for Port Office.

Reference 18 shows that in large floods the peak flow at Moggill, Jindalee and Port Office
tends to remain approximately constant. This is supported by model results in Reference
15 and Reference 21 as well as results from the model used in Reference 35. Modelling
carried out by SKM (Reference 35) of the January 2011 event where ~ 9,600 m%/s was
measured at Jindalee and hence it can be assumed that ~ 9,600 m®s also occurred at
Port Office.

6.3.2. Deriving a High Flow Rating at the Port Office

98

99

100

101

The 2011 flood event provides extra information about large floods that was not available
to previous studies. By combining the limited information about height and discharge
available for the 2011, 1974 and 1893 floods it is possible to estimate a high flow rating
curve. This is not an easy task as there are conflicts between the data available.

The recorded stage for the 1893 flood event was 8.35 mAHD, however it is necessary to
adjust this height for current conditions. Reference 17 adjusted all the recorded stages
from 1864 to 1917 by 1.52m (5 feet) except for the 1893 event and assumed the discharge
of this event was 14 600 m*s. Table 10.2 of Reference 17 presents 5 estimates of flow
ranging from 11 300 to 16 990 m%/s for the 1893 event. Two of these estimates are based
on velocity measurements taken during the event at Indooroopilly and Victoria Bridges
(16 990 m%s and 14 600 m%/s respectively). Reference 3 (Part 3, Section 2) details
problems associated with reverse flow on the inside bend making measuring flow at
Indooroopilly Bridge difficult during the 1930’s and 1950’s. Reference 18 modelled the
1893 event using cross sections from 1873 and estimated the peak flow at 11 600 m%s.

WMAwater tested the impact of dredging using SKM’'s Mike 11 model. This relatively
simplistic testing indicated that the dredging and river straightening works would effect the
1893 flood level and the 1.52m estimate used by Reference 17 for smaller floods was
probably appropriate for the 1893 event. This gives a plausible range of levels for the 1893
event under current conditions of between 6.83 mAHD and 8.35 mAHD and a peak flow of
between 11 300 m%s to 16 990 m%/s.

Reference 3 discusses issues with gaugings from the Centenary Bridge during the 1974
event. There are several flow estimates for 1974 including 9800 m%s (Reference 15),
9873 m¥s (Reference 17). Information learnt from ratings of the 2011 event at Jindalee
suggests that these earlier estimates were slightly low, with a revised Jindalee estimate of
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10 900 m%/s (Reference 35). This gives a plausible range of peak flows of 9800 m%s to
10 900 m*/s and a peak height of 5.45 mAHD.

102 For the 2011 event a flow of 9600 m%/s has been used with a height range of 4.27 to 4.46
mAHD.

103 A best estimate high flow rating curve has been developed using the above plausible
height-flow dataset. The lower end of the adopted curve is based on an average of the
rating curves established in the 1998 and 1999 Flood Studies.

Port Office Rating for Current Conditions
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Figure 8: Port Office Rating for Current Conditions
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7. ANALYSIS
7.1. Flood Frequency Analysis

7.1.1. Previous Flood Frequency Analysis

104 Flood Frequency Analysis (FFA) has been undertaken previously as discussed in Section
5 (Previous Studies). In particular, extensive FFA was undertaken in 1985 (Weeks), 1993
(DNR), 1998/1999 (SKM), and 2003 (SKM).

7.1.2. Choice of Location for At-Site Analysis

105 As discussed (refer to Section 3), important factors for reliable estimation of larger flood
magnitudes include:

e long record length,

e homogeneous conditions over the length of record, which can be affected by:
o dam construction,
o changes to the gauge location and/or river cross-section at the gauge,
o land-use changes, and
o climate change or long-term climatic cycles, and

o preferably the inclusion of the largest known historical floods within the continuous

period of record.

106 While there are several gauges on the Brisbane River, the majority of these gauges have
relatively short record lengths (less than 35 years), making them of limited value in
estimating larger events such as the 1% AEP (100 year ARI) flood magnitude. For short
records FFA becomes an extrapolation method and estimates are heavily biased by what
information is contained within the short record. The Port Office gauge at Brisbane is the
notable exception with a record of large events from 1841 (over 170 years).

107 With regards to record length, other gauges which are potentially suitable for the
estimation of the 1% AEP (100 year) Brisbane River flow include:

e gauge 143001 at Savages Crossing (established in 1909 at Lowood and relocated
twice, to Vernor in 1950 and then to the current location in 1958, for a composite
record length of 112 years),

e gauge 143003 at Mt Crosby Weir (record length of 76 years from 1900-1975
inclusive), and

e gauge at Moggill (record length of 46 years since 1965).

108 The relative merits of using the gauges identified above for FFA on the Brisbane River are
discussed below.
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7.1.2.1. Savages Crossing and Mt Crosby Weir

109

110

The gauges at Savages Crossing and Mt Crosby Weir both record flow from a similar area
of the Brisbane River catchment as there are no major tributaries between them. Both
records have the problem that they are affected by the construction of Somerset dam (and
also Wivenhoe dam for Savages Crossing). Reference 12 (DNR, 1993) accounts for this
change by undertaking a separate FFA for each of the two portions of the record, before
and after Somerset dam construction. However the analysis gave the illogical result that
the 1% AEP (100 year) flow for the later period (with Somerset Dam) was found to be
substantially higher than the earlier period.

Reference 15 (SKM, 1998) accounted for the construction of Somerset dam by adjusting
the flows recorded after the construction of Somerset dam to pre dam conditions and
undertaking FFA on the entire record. This approach gave results that were reasonably
consistent with results from the Moggill and Port Office gauges.

7.1.2.2. Moggill Gauge

111

112

The Moggill gauge was established in 1965, after the construction of Somerset dam. The
current record length is therefore 47 years (inclusive of 2011), just over a quarter of the
length of the Port Office record. The main source of heterogeneity in the Moggill record is
the construction of Wivenhoe dam in 1985. Additionally, the gauge has been operational
during a relatively dry period compared to other gauge records, with only been two major
floods occurring in this period, including the January 2011 flood. The results for larger
events from FFA at this site are therefore heavily influenced by whether the January 2011
flood is included or not.

Due to uncertainty about the effects of Wivenhoe dam on observed floods, Reference 15
only considered the period from 1965 to 1983 (19 years inclusive). During this period only
one major flood event occurred (1974).

7.1.2.3. Port Office Gauge

113

114

This gauge is subject to heterogeneity from multiple sources. The most notable of which
are:

e changes to the river bathymetry, both from natural sources and engineering works.
Notable changes that have been identified include channel modification,
construction of training walls and artificial islands to alter the natural tidal flow
patterns, removal of sand bars, and dredging,

e construction of dams (most notably Wivenhoe and Somerset dams, introducing two
step changes into the record), and

e changes to catchment land-use.

The major advantage of using the Port Office gauge is the significantly longer record
length. This earlier period also captures much more information about large events on the
Brisbane River and is summarised in Table 6.
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Table 6: Recorded Floods by Period (Adjusted for Pre Dam Conditions)

Period 1841 to 1907 1908 to 2011
(67 years inclusive) (104 years inclusive)
Number of recorded annual floods greater than 17 14
2,000 m*/s
Number of recorded annual floods greater than
8,000 m*/s > 2

115

116

The Port Office gauge is therefore considered significantly more likely than the Moggill
gauge to adequately capture long term climatic variation for the Brisbane River catchment.
Despite the uncertainty introduced by changes to river channel conditions and the
uncertainty over whether early flood measurements can be adjusted to current datum. It is
therefore considered the best location for estimating the 1% AEP (100 year ARI) flow
between Moggill and Brisbane City.

For these reasons previous flood frequency analyses have generally been focussed on the
Port Office gauge, and it is also considered the most suitable site for conducting FFA for
the purposes of addressing The Commission’s questions within the scope of this report.

7.1.3. Creating a Homogeneous Data Set

117

118

119

120

Flood frequency analysis needs to be carried out on a homogeneous dataset. In order to
do this at the Port Office gauge the flow record needs to be adjusted to consistent
conditions. The gate operations used at Wivenhoe dam target specific flows at Moggill.
This produces a stepped flow curve for smaller discharges. Flood frequency analysis
assumes the flow curve will be smooth, and therefore it must be carried out on pre dam
flows.

In order to construct a homogeneous data set the flow record was adjusted to represent
the peak flow that each flood would produce under current catchment conditions without
the presence of Wivenhoe and Somerset dams. The early floods had to be adjusted for
dredging, river straightening and the bar that was removed in 1864, while the later floods
required adjustment for Somerset and Wivenhoe dams.

For floods prior to 1917 the 1.52m dredging adjustment was used and for those prior to
1864 the 0.4m bar adjustment was also used. This is the same approach as used in
Reference 17 other than the dredging adjustment has been applied to all events (including
1841 and 1893). For smaller events the flow adjustment used in Reference 17 was also
used. For larger events the high flow rating derived as part of the current study was used
(refer to Section 6.3.2).

Adjustments were made to the 1974 event to account for Somerset dam and to the 2011
event to account for both dams. Every attempt was made to make adjustments in a
consistent and non contradictory manner. The adopted high flow estimates are presented
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in Table 7 below. It is noteworthy that the 1841, the second 1893 event and the 2011
event are essentially the same size.

Table 7: Homogeneous Data Set of Flood Levels for the Brisbane River

Recorded Level (ie. As Adjusted Pre Dam Current Conditions
Event measured during the event) Level Height (MAHD) Flow (m¥s)
(mAHD) (mAHD)*

1893 (a) 8.35 6.83 6.83 13700

1893 (b) 8.09 6.57 6.57 12600
1841 8.43 6.51 6.51 12500
2011 4.27 4.27 6.40 12400
1974 5.45 5.45 5.50 11300
1844 7.03 5.11 5.11 10400
1890 5.33 3.81 3.81 8100
1898 5.02 3.50 3.50 7500

*Includes 1.52m prior to 1917 and an additional 0.4m adjustment for prior to 1864

7.1.4. Ranking of Events

121 Historic events need to be ranked from largest to smallest in order determine their plotting
position. Ranking of events was carried out on the homogeneous dataset (ie. Pre dam
levels described in Section 7.1.3. Only the larger events are included in Table 8 though all
were included in the subsequent flood frequency analysis. The second 1893 event is not
included in the ranked series as an annual series was used in the flood frequency
analysis.

Table 8: Ranking of Historic Events (Annual Series)

Event Pre Dam Flood Level (mAHD) Rank

1893 (a) 6.83 1
1841 6.51 2
2011 6.40 3
1974 5.50 4
1844 5.11 5
1890 3.81 6
1898 3.50 7

122 Table 8 demonstrates that if the flood frequency analysis focus is only on events in the
20th century then it will result in a very different answer to one which includes the 19th and
21st century flood information.

7.1.5. Plotting Position

123 By considering the rank and period of record it is possible to estimate the most likely
probability (AEP or ARI) of each event. The plotting position is used for plotting an
observed event on a flood frequency diagram. The plotting position generated by
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considering the rank is the most likely probability based on sampling theory and not the
actual probability of an actual event. The Cunnane formula is used to determine the
plotting position:

m— 0.4
N+0.2

PP(m) =

Where PP = plotting position
m= rank of the flood in the series.
N= number of years in the record (171 years for Port Office gauge)

Table 9: Plotting Position and Most Likely Probability of Historic Events

Event T_r:VZf (Tnilsg;j Rank PIOH('/ZEFE))O;'“O” ARI (1/PP)
1893 (a) 6.83 1 0.35 285
1841 6.51 2 0.94 107
2011 6.40 3 1.52 66
1974 5.50 4 2.10 48
1844 511 5 2.69 37
1890 3.81 6 3.27 31
1898 3.50 7 3.86 26

7.1.6. Flood Frequency Analysis — Port Office Gauge

124

125

126

Flow data series at Port Office (refer to Appendix B) were analysed using the Generalised
Extreme Value (GEV) and Log Pearson 3 (LP3) distributions. Frequency analysis of this
location presented a range of complications. While it is a very long record by Australian
standards it is very hard to produce a consistent rating curve and properly account for the
effects of the astronomical tide and storm surge. This causes the rating curve to be less
reliable at low flows and causes a focus on high flows. Figure 9 and Figure 10 show the
pre dam fit of the GEV and LP3 distributions. In both cases the fitting algorithm was
challenged by the top few floods which have very similar flow values. The fits are sensitive
to minor changes to the top few flows.

Analysis at the Port Office gauge was undertaken with and without the January 2011 flood
data point. Additionally, the analysis was performed on two sections of the flood record:
e The full record (1841 to 2010/2011), and
e A partial record, consistent with the period of record from the Lowood/Savages
Crossing composite gauge (1908 to 2010/2011).

The main purpose of conducting the analysis on the partial record from the 20" century
was to ascertain the influence of the “wetter” 19" century period of record on the results,
bearing mind that the 19" century period is also more heavily affected by uncertainty from
changes to river bathymetry from channel works. This comparison can therefore provide
some understanding as to how flood frequency estimates from the gauges with 20"
century records such as Moggill and Lowood might change with longer records.
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127 Results from the 4 flood frequency analyses undertaken at the Port Office gauge are
shown in Table 10 (for both GEV and LP3 distributions).

Table 10: Comparison of Q100 Estimates for Considered Approaches

100 (m°/s
Data set/ Case Q ( )
GEV LP3
1841-20112 12130 13730
1841-20102 11 740 13 900
1908-2011° 10 740 16 610
1908-2010° 9510 13 900

2141 censored flows lower than 2,000 m*/s
®90 censored flows lower than 2,000 m%/s

128 Conducting the flood frequency analysis without the 2011 event changes the average of
the GEV and LP3 estimates by only 95 m¥s.

129 The partial record results are influenced by the relative lack of data points during this
period. Only 14 floods in the 104 year period are above the 2000 m*s threshold. Below
this threshold tidal effects at the Port Office gauge have a far greater influence on
recorded level than Brisbane River runoff, and the flows determined from a rating table
below this level are therefore subject to significant uncertainty. The longer record has 30
gauged floods, resulting in an improved fit with less variability resulting from the
distribution assumed for the analysis.

130 The distribution fits and confidence limits for the 1841 to 2011 period are illustrated in
Figure 9 and Figure 10. The quantile estimates are shown in Table 11.

Table 11: Flood Frequency Analysis Results (1841-2011)

Design Flows (m3/s) at the Brisbane Port Office
AEP (%) ARI

GEV LP3
20 5 440 1740
10 10 3350 3730
5 20 6090 6320

2 50 9570 10 390

1 100 12130 13730

0.5 200 14 640 17 130

Note: based on annual series 1841-2011, 141 censored flows lower than 2,000 m°/s

131 In this case the 1% AEP estimates by the GEV and LP3 are relatively similar, with the LP3
providing a slightly better fit. On this basis a 1% AEP estimate of 13 000 m%s was adopted
for the pre dam case. This estimate is similar to those of the more recent flood frequency
estimates of 13 700 m%s (Reference 15) and 12 300 m*/s (Reference 17).

132 Using Figure 3 without applying any weight to the 2011 event a value of 9000 m%/s is
obtained as the post dam (Wivenhoe and Somerset dams) flow. The 2011 data provides
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133

the only real data point on the performance of the dam and suggests a post dam flow of
10 000 m%s using WMAwater's estimate and 9500 m®s using SKM’s estimate. On the
basis of these 3 datasets a post dam flow of 9500 m®/s was adopted.

Based on these conclusions the 2011 flood event has a probability of 0.83% AEP (120
year ARI) under current conditions and under pre dam conditions would have a probability
of 1% AEP (100 year ARI).

7.1.7. Uncertainty of Peak Flood Estimates

134

7.2

135

136

137

Design flow estimates by their very nature have a considerable level of uncertainty
associated with them. The work presented herein trade off the benefits of a very long flow
record with the uncertainty associated with the Port Office rating curve. The uncertainty
limits shown on Figure 9 and 10, have a larger confidence limit above the flow estimate
(expected probability line) than below. The information gained from the 2011 flood event
shows that the dams mitigation potential can be considerably less than what was
previously assumed by other studies (Figure 3). Weighing up these factors suggests that
the uncertainty bound below the best estimate post dam flow (9500 m%/s) is smaller than
the uncertainty bound above the estimate.

Rainfall Comparisons

A major concern of the 2003 Review Panel was the misclose between flood frequency and
rainfall runoff estimates. This section examines some of the causes.

The flood record is dominated by events between the 1840’s and 1890’s for which there is
very little corresponding rainfall data. Figure 11 shows the number of long term rain
gauges (with records longer than 30 years) in the Brisbane River Catchment. Only gauges
listed in the BoM Water Resources Station Catalogue (Reference 37 ) were included in the
analysis and obvious duplicates were removed or amalgamated. The 1840’s events are
potentially captured by only one gauge. The number of gauges increased towards 22 by
the 1890. This means that any catchment average rainfalls developed for these events are
likely to contain a high degree of uncertainty. This figure also demonstrates that rainfall
based methods will be dominated by information from the 20" Century.

While the probability of rainfall is not usually the same as the probability of the flood, it can
give a general indication of the likelihood of the event. The 2011 rainfall totals for 3 days
were compared to the 1987 ARR design rainfalls and a separate series of catchment
design rainfalls based on data up to 2009. This more recent analysis also makes use of
spatial surface fitting techniques that were not available in 1987. Both design rainfall
estimates were only based on official BoM gauges, which do not include alert gauges.
Table 12 compares catchment average rainfalls for the catchment to Wivenhoe, the
Lockyer, the Bremmer and total catchment to the Port Office gauge.
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Figure 11: Number of Long Term Rainfall Gauges Available Compared to the Length of
Historical Flood Record.

Table 12: Catchment Average Rainfall (mm)

2011 72 hr 100 Yr 72 hr 100 Yr
3 Day ARR 87 (mm) based on updated rainfall (mm)
Peak
Location Rainfall
(Seqwater No Are_al 0.9 Are_al 0.8 Argal No Are_al 0.9 Are_al 0.8 Argal
. Reduction | Reduction | Reduction | Reduction | Reduction | Reduction
Analysis)
(mm)
To Wivenhoe 326 386 347 309 421 379 337
Lockyer 252 329 296 263 332 299 266
Bremmer 204 350 315 280 390 351 312
All Catchments 280 372 335 298 402 362 321

138 The design rainfall depths have been adjusted using an areal reduction factor. This factor
adjusts point rainfall estimates to be used as catchment wide estimates. The use of areal
reduction factors have been discussed quite considerably in the 1998 review (Reference
16). While the authors have no theoretical problem with the application of areal reduction
factors we have the concern that the BoM rain gauges used in both design assessments
(ARR 87 and revised design assessment) have a bias in their location that leads to an
underestimation of catchment average rainfall. This is because rain gauges tend to be
located on relatively flat land that is suitable for farming or a town. This problem was also
found in the 2011 event by SKM (Reference 36) and Seqwater (Reference 26). This is
also probably a source of some of the misclosure between rainfall based methods and
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139

7.3.

140

flood frequency based methods in some of the earlier studies. This misclosure has been
found by the author on other catchments on the east coast of Australia with relatively
rugged terrain.

Table 12 suggests that on a 72 hour rainfall basis the 2011 event upstream of the dam
was slightly larger than a 1% AEP event and slightly smaller than a 1% AEP event
downstream of the dam.

Determining the 1% AEP Line

The following locations were identified by The Commission as being of interest:

e 13 Bridge St., Redbank (off-bank),

e Cnr. Ryan St. and Woogaroo St., Goodna,

e Corner Moggill Rd, Birkin Rd, Bellbowrie (Coles),

e Corner Thiesfield St, Sandringham PI, Fig Tree Pocket,
e 312 Long St East, Graceville,

e Brisbane Markets, Rocklea,

e Softstone St, Tennyson (Tennyson Reach apartments),
e 15 Cansdale St, Yeronga,

e 42 Ferry Rd, West End (Aura apartments),

e 81 Baroona Rd, Paddington (Epic Cycles), and

e Brisbane City Gauge.

7.3.1. Mike 11 Model

141

The Mike 11 Model (Version 2) developed by SKM for Seqwater as described in
Reference 38 (and Version 1 described in Reference 35) was calibrated by SKM to
Moggill, Jindalee and the Port Office. It was intended to use this model to fit a flood
surface between Moggill and the Port Office for a peak post dam design flow of 9500 m%/s.
When this model was compared to observed flood height data in the 2011 Joint Taskforce
report (Reference 27, Table 3) problems were found with the fit (Figure 12). While the
model fitted well at Moggill, Jindalee and the Port Office the fit was slightly low between
Moggill and Jindalee and up to 1.8m low between Jindalee and the Port Office. This
problem demonstrates the need for organisations to consider all agencies data when
calibrating models. The Mike 11 model was therefore unsuitable to be used in profile
generation.

7.3.2. Profiles

142

As part of the prescribed work scope The Commission required profile information on peak
flood levels between Moggill and the Brisbane River mouth for the 2011 event and 1%
AEP. January 2011 levels at each location were estimated by adjusting the Mike 11
model results to match the observed data from 2011 Joint Taskforce (Reference 27). From
this, approximate flood levels at the points of interest identified by The Commission were
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determined. The same process was adopted for the 1% AEP flood levels using a peak
post dam flow of 9500 m®/s. These profiles are presented on Figure 13 and summarised in

Table 13.

Table 13: Estimated 1% AEP Peak Flood Level and 2011 Peak Flood Level for Locations on the

Brisbane River

Estimated 1% AEP

Approximate January 2011

Location Peak Flood Level Peak Flood Level (MAHD)
(mAHD)

13 Bridge St., Redbank (off-bank) 16.81 17.21
Cnr. Ryan St. and Woogaroo St., Goodna 15.96 16.37
Cnr. Moggill Rd. and Birkin Rd., Bellbowrie 14.63 15.04
(off-bank)

Cnr. Thiesfield St. and Sandringham PI., Fig 10.86 11.22
Tree Pocket

312 Long St. East, Graceville 9.76 10.10
Brisbane Markets, Rocklea 9.51 9.84
Softstone St., Tennyson (Tennyson Reach 9.58 9.90
Apartments)

15 Cansdale St., Yeronga (off-bank) 8.58 8.85
42 Ferry Rd., West End 6.55 6.75
81 Baroona Rd., Paddington (off-bank) 5.77 5.95
Brisbane City Gauge 4.32 4.46

143 Sensitivity testing using the flow estimate from the 1841 to 2010 data set found that the
1% AEP (Q100) height estimate at Moggill and the Port Office would reduce by
approximately 0.5m and 0.2m respectively. While there are only minor differences in pre
dam estimates (between the 1841-2010 and 1841-2011 datasets) the conversion to post
dam, without knowledge gained from the 2011 event regarding dam mitigation ability,
results in a post dam estimate of 500m?'s less.

7.3.3. Review of the 1% AEP Flood Line

144 The 1% AEP (Q100) event as currently defined achieves has a peak level of 3.3 mAHD at
Port Office/City gauge. Figure 13 shows Brisbane City Council’s current “Q100” flood level
profile (adapted from Reference 27). When this is compared to the revised 1% AEP flood
profile based on 9500 m%/s there is up to 3 metres discrepancy between the two near
Moggill and a 1m difference at Port Office gauge.
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FIGURE 12
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FIGURE 13
Q100 LINE & JANUARY 2011 PEAK LEVEL PROFILE VS OBSERVED 2011 FLOOD LEVELS
(2011 REVIEW PANEL)
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8.

145

146

147

8.1.

148

149

CONCLUSIONS AND RECOMMENDATIONS

A flood frequency analysis has been carried out on the Port Office gauge record for the
period from 1841 to 2011. The 2011 flood shows the credibility of the large floods that
occurred early in the settlement of Brisbane. This analysis gives a pre dam flow of
13 000 m%/s which is consistent with many earlier estimates. This estimate is not sensitive
to the inclusion of the 2011 flood. This pre dam estimate translates to a post dam
estimate of 9500 m%s. This estimate is slightly sensitive to the new information gained
from the January 2011 event on how Wivenhoe dam mitigates large floods. Without this
new information the post dam flow would 9000 m%s (500m®/s less).

The current Q100 flood line used by Brisbane City Council is significantly below the
revised 1% AEP (Q100) flood line calculated by this study with a difference ranging from
approximately 3m at Moggill to approximately 1m at the Port Office. The new line is
slightly below observed levels of the 2011 flood event. The frequency analysis found that
the 2011 flood has a return period of approximately 120 year ARI with Wivenhoe and
Somerset dams in place (post dam) and a return period of approximately 100 year ARI
under pre dam conditions.

The major source of uncertainty in estimating flood risk for Brisbane comes from the
uncertainty of the rating relationship at the Port Office gauge. While this is not an easy
location to generate rating curves it is necessary if the benefit of the long term gauge
record is to be properly utilised.

Improving the Rating Relationship at Port Office Gauge

A detailed study needs to be undertaken to improve the rating relationship at the Port
Office gauge. This study needs to draw upon all the information held by Council and State
Government. The rating information held by different organisations also needs to be
consolidated and objectively reviewed.

The study needs to contain the following components:

e Development of a suitable industry standard 2D hydrodynamic model of the lower
reaches of the Brisbane River. This model needs to be suitable for assessing
historical changes to the river bathymetry and needs to have a run time that is
practical for detailed calibration and assessment of changes,

e A detailed search of all data sources on the bathymetry of Brisbane River needs to
be undertaken. This study needs to produce best estimate maps of the bathymetry
at different times during Brisbane’s development. A current survey of the
bathymetry also needs to be undertaken and the current morphological behaviour
of the river needs to be understood,

e Astronomical tide need to be calculated for the flood events that occurred prior to
the regular recording of tides,

e Where sufficient tidal and meteorological information is available the storm surge
component at the river mouth needs to be estimated for each historical event,
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e The methodology that has been developed under Research Project 18 of
Australian Rainfall and Runoff for the calculation of the joint probability of river
flooding and elevated ocean levels, should be applied to the lower reaches of
Brisbane River so that flood risk can be properly quantified, and

e The sensitivity of flood levels to elevated ocean levels from climate change needs
to determined.

Following the completion of the above tasks a revised flood frequency analysis should be
carried out using the current best practice. This analysis should explore the use of a regional
flood frequency approach.
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APPENDIX A: GLOSSARY

Taken from the Floodplain Development Manual (April 2005 edition)

acid sulfate soils

Annual Exceedance
Probability (AEP)

Australian Height Datum
(AHD)

Average Annual Damage
(AAD)

Average Recurrence
Interval (ARI)

caravan and moveable
home parks

catchment

consent authority

development

Are sediments which contain sulfidic mineral pyrite which may become extremely
acid following disturbance or drainage as sulfur compounds react when exposed
to oxygen to form sulfuric acid. More detailed explanation and definition can be
found in the NSW Government Acid Sulfate Soil Manual published by Acid Sulfate
Soil Management Advisory Committee.

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

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

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

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

Caravans and moveable dwellings are being increasingly used for long-term and
permanent accommodation purposes. Standards relating to their siting, design,
construction and management can be found in the Regulations under the LG Act.

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

The Council, government agency or person having the function to determine a
development application for land use under the EP&A Act. The consent authority
is most often the Council, however legislation or an EPI may specify a Minister or
public authority (other than a Council), or the Director General of DIPNR, as
having the function to determine an application.

Is defined in Part 4 of the Environmental Planning and Assessment Act (EP&A
Act).

infill development: refers to the development of vacant blocks of land that are
generally surrounded by developed properties and is permissible under the
current zoning of the land. Conditions such as minimum floor levels may be
imposed on infill development.

new development: refers to development of a completely different nature to that
associated with the former land use. For example, the urban subdivision of an
area previously used for rural purposes. New developments involve rezoning and
typically require major extensions of existing urban services, such as roads, water
supply, sewerage and electric power.

WMAwater
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disaster plan (DISPLAN)

discharge

ecologically sustainable
development (ESD)

effective warning time

emergency management

flash flooding

flood

flood awareness

flood education

flood fringe areas

flood liable land

redevelopment: refers to rebuilding in an area. For example, as urban areas
age, it may become necessary to demolish and reconstruct buildings on a
relatively large scale. Redevelopment generally does not require either rezoning
or major extensions to urban services.

A step by step sequence of previously agreed roles, responsibilities, functions,
actions and management arrangements for the conduct of a single or series of
connected emergency operations, with the object of ensuring the coordinated
response by all agencies having responsibilities and functions in emergencies.

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

Using, conserving and enhancing natural resources so that ecological processes,
on which life depends, are maintained, and the total quality of life, now and in the
future, can be maintained or increased. A more detailed definition is included in
the Local Government Act 1993. The use of sustainability and sustainable in this
manual relate to ESD.

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

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

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

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

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

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

The remaining area of flood prone land after floodway and flood storage areas
have been defined.

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

WMAwater
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flood mitigation standard

floodplain

floodplain risk
management options

floodplain risk

management plan

flood plan (local)

flood planning area

Flood Planning Levels
(FPLs)

flood proofing

flood prone land

flood readiness

flood risk

flood storage areas

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

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

The measures that might be feasible for the management of a particular area of
the floodplain. Preparation of a floodplain risk management plan requires a
detailed evaluation of floodplain risk management options.

A management plan developed in accordance with the principles and guidelines
in this manual. Usually includes both written and diagrammetic information
describing how particular areas of flood prone land are to be used and managed
to achieve defined objectives.

A sub-plan of a disaster plan that deals specifically with flooding. They can exist
at State, Division and local levels. Local flood plans are prepared under the
leadership of the State Emergency Service.

The area of land below the flood planning level and thus subject to flood related
development controls. The concept of flood planning area generally supersedes
the “flood liable land” concept in the 1986 Manual.

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

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

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

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

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

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

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

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

Those parts of the floodplain that are important for the temporary storage of
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floodway areas

freeboard

habitable room

hazard

hydraulics

hydrograph

hydrology

local overland flooding

local drainage

mainstream flooding

major drainage

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

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

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

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

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

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

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

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

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

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

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

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

Councils have discretion in determining whether urban drainage problems are

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

drainage involves:

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

o water depths generally in excess of 0.3 m (in the major system design storm
as defined in the current version of Australian Rainfall and Runoff). These
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mathematical/computer
models

merit approach

minor, moderate and major
flooding

modification measures

peak discharge

Probable Maximum Flood
(PMF)

conditions may result in danger to personal safety and property damage to
both premises and vehicles; and/or

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

¢ the potential to affect a number of buildings along the major flow path.

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

The merit approach weighs social, economic, ecological and cultural impacts of
land use options for different flood prone areas together with flood damage,
hazard and behaviour implications, and environmental protection and well being
of the State’s rivers and floodplains.

The merit approach operates at two levels. At the strategic level it allows for the
consideration of social, economic, ecological, cultural and flooding issues to
determine strategies for the management of future flood risk which are formulated
into Council plans, policy and EPIls. At a site specific level, it involves
consideration of the best way of conditioning development allowable under the
floodplain risk management plan, local floodplain risk management policy and
EPlIs.

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

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

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

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

Measures that modify either the flood, the property or the response to flooding.
Examples are indicated in Table 2.1 with further discussion in the Manual.

The maximum discharge occurring during a flood event.

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

probability

risk

runoff

stage

stage hydrograph

survey plan

water surface profile

wind fetch

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

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

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

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

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

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

A plan prepared by a registered surveyor.

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

The horizontal distance in the direction of wind over which wind waves are
generated.
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APPENDIX B: Port Office Adopted Annual Series

Table B 1: Port Office Adopted Annual Series

Adopted Values
in Current Flood

Year Source
Frequency
Analysis (m%s)
1841 12534 Section 6
1843 1940 SKM June 1999 report
1844 10410 Section 6
1845 8120 SKM June 1999 report
1852 2252 SKM June 1999 report
1857 2963 SKM June 1999 report
1863 3789 SKM June 1999 report
1864 4574 SKM June 1999 report
1870 3001 SKM June 1999 report
1873 2614 SKM June 1999 report
1875 2455 SKM June 1999 report
1879 2149 SKM June 1999 report
1887 4574 SKM June 1999 report
1889 4525 SKM June 1999 report
1890 8132 Section 6
1893 13690 Average of 5 estimates from SKM June 1999 report
1898 7528 Section 6
1908 6100 SKM June 1999 report
1927 3618 SKM June 1999 report
1928 4398 SKM June 1999 report
1929 3884 SKM June 1999 report
1931 7000 SKM June 1999 report
1955 6704 SKM June 1999 report
1956 4189 SKM June 1999 report
1967 2990 SKM June 1999 report
1968 4704 SKM June 1999 report
1971 2478 SKM June 1999 report
1974 11300 Section 6
1991 2387 SKM June 1999 report
1996 3087 SKM June 1999 report
2011 12400 Section 6
WMAwater
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APPENDIX C: Q100 Including and Excluding the 2011 Event in FFA

Table C 1: Estimated 1% AEP Peak Flood Level (Including and Excluding 2011 Event in FFA)

and 2011 Peak Flood Level for Location on the Brisbane River

Estimated 100y | Estimated 100y
ARI Peak Flood | ARI Peak Flood Approximate
Location Level including | Level excluding January 2011
2011 event 2011 event Peak Flood
(9,500 m%s) (9,000 m%s) Level (MAHD)
(MAHD) (MAHD)
13 Bridge St., Redbank (off-bank) 16.81 16.23 17.21
Cnr. Ryan St. and Woogaroo St., Goodna 15.96 15.39 16.37
Cnr. Moggill Rd. and Birkin Rd., Bellbowrie (off-bank) 14.63 14.08 15.04
Cnr. Thiesfield St. and Sandringham Pl., Fig Tree Pocket 10.86 10.42 11.22
312 Long St. East, Graceville 9.76 9.37 10.10
Brisbane Markets, Rocklea 9.51 9.12 9.84
Softstone St., Tennyson (Tennyson Reach Apartments) 9.58 9.20 9.90
15 Cansdale St., Yeronga (off-bank) 8.58 8.24 8.85
42 Ferry Rd., West End 6.55 6.26 6.75
81 Baroona Rd., Paddington (off-bank) 5.77 5.50 5.95
Brisbane City Gauge 4.32 4.07 4.46
WMAwater
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Review of “Brisbane River 2011 Flood Event — Flood Frequency Analysis”

Executive Summary

This document is a review of the report WMA (2011a) regarding flood frequency analysis of the Brisbane
River. The report is herein referred to as the WMA report or as WMA without citing the year. The scope of
work requested of Mark Babister by the Queensland Flood Commission of Inquiry was to:

1. Conduct a flood frequency analysis and determine the 1% AEP flood level for key locations on the
Brisbane River ... using information available prior to the January 2011 event ... This work should
include a review of the SKM 1% AEP flood profile.

2. Repeat task 1 with the 2011 event included in the historical dataset.

3. Using results of task 1 and 2 determine the ARI and AEP of the January 2011 floods at particular points
along the Brisbane River and Bremer River.

Addressing Task 2, the WMA report concludes that the post-dam best estimate of the Brisbane River is
9500 m®s™, which is based on a pre-dam best estimate of 13000 m®s™. The methodology in obtaining both
estimates seems justified. Furthermore, the pre-dam best estimate is consistent with earlier estimates,
most notably the SKM (2003) best estimate of 12000 m?s™ + 2000 m>s™. Both flood frequency assessments
have given detailed reasoning and used best-practice Bayesian techniques to obtain their estimates. The
upward revision of 1000 m>s™ from the SKM estimate is minor given the uncertainty range and relative
orders of accuracy involved. This difference can largely be attributed to the 2011 event and minor
differences in methodology. The post-dam estimate of 9500 m>s™is higher than the SKM (2003) estimate of
6500 m>s™ and largely relies on insight obtained from the 2011 flood to suggest the dams had less impact in
the region of high flows than the 50% reduction estimate used in the investigations of SKM (2003).

Addressing Task 1, it is the reviewer’s interpretation that the task requires a critique of the data and
methodologies used prior to the 2011 event rather than an analysis on the influence of 1 data point. The
report offers a flow estimate of 9000 m®s™ using only data available prior to 2011, but the reviewer
considers that the authors have implicitly used knowledge of the 2011 event in their argument for a
different pre-dam to post-dam conversion of the flow (paragraph 132 and Figure 3). Nonetheless, the
report goes a long way towards explaining discrepancies between their estimate and earlier estimates.
Reasons offered include (i) confirmation by the 2011 event that early settlement flood estimates are
plausible (ii) recent understanding of climate variability (iii) well-known discrepancies between flow-based
and rainfall based techniques attributed to few rainfall records in the 1800s and to poor areal rainfall
estimates (iv) uncertainty in the stage-discharge relationship (v) lack of large floods to validate the
Wivenhoe dam and (vi) significant scatter in the pre-dam to post-dam flow conversion. The report
concludes by emphasizing uncertainties in the stage-discharge relationship, but the reviewer feels that
greater emphasis should be given to the scatter in the pre-dam to post-dam conversion. This is the largest
differentiating factor between the WMA estimate and that recommended by SKM (2003). This point relates
strongly to “joint probability” issues which are thorny obstacles in reliable flood estimation (relevant
examples include flow peak with flow volume, and the joint distribution of rainfall over multiple
catchments). These issues can only be addressed with detailed Monte Carlo assessment, which was a key

recommendation of the SKM report (2003, page 48).

Regarding Task 3, this is the matter of applying a hydraulic model to the estimate 1% AEP flow. The
hydraulic model is well documented in other reports and is not considered a main obstacle in coming up
with flood design levels (as compared to the hydrological issues involved). Following from an upward
revision of the 1% AEP flow, the authors note higher design levels ranging from 1m at the Port Office gauge
to approximately 3m in the reaches approaching Moggill gauge.

'The expert review panel (2003), on SKM reports, advised 6000 ms™. Only SKM (2003) is referenced for brevity.
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Review of “Brisbane River 2011 Flood Event — Flood Frequency Analysis”

1. Introduction

The scope of work requested by the Queensland Flood Commission of Inquiry to Mark Babister of WMA
water was to:

1. Conduct a flood frequency analysis and determine the 1% AEP flood level for key locations on the
Brisbane River below its junction with the Bremer River and on the Bremer River in the vicinity of
Ipswich using information available prior to the January 2011 event. This work should be used to
determine 1% AEP flood levels at up to 8 key locations in the Brisbane and Bremer Rivers and to
produce 1% AEP flood profiles. This work should include a review of the SKM 1% AEP flood profile.

2. Repeat Task 1 with the 2011 event included in the historical dataset.

3. Using results of Task 1 and 2 determine the ARI and AEP of the January 2011 floods at particular points
along the Brisbane River and Bremer River.

The requested work involves the flood frequency technique such that the overall method required to
complete all three tasks is one and the same. The simplest and most ideal case for a flood frequency
analysis is that a long record of gauged flows exist, that the catchment has not undergone significant
changes in time and that the rate of flooding is relatively constant between differing periods. In this
situation the annual maximum series assumes a statistical similarity so that an appropriate probability
distribution may be fitted and the Q100 design flow? directly inferred. While the Brisbane River does have a
long timeseries suited to this method, there are a number of complications in meeting the requirements for
statistical similarity. This review will discuss these matters in separate sections by tracing through the main
steps of a flood frequency analysis:

¢ Select annual maximums and homogenize them to reflect equivalent catchment conditions (‘pre-dam’)
¢ Perform the flood frequency analysis to obtain the Q100 estimate of pre-dam flow,

e Convert the pre-dam Q100 estimate to a flow estimate of current conditions (‘post-dam’)

e Use of the post-dam Q100 flow with a hydraulic model to obtain flood level estimates

Since the commission of Wivenhoe dam in 1984, the estimation of Q100 flows for the assessment of
downstream flood planning has been contentious, with best estimate flows ranging between 5510 m?s™
and 9560 m®s™ and design levels ranging from 3.16 mAHD to 5.34 mAHD (summarised in Table 5, Figure 6
and Figure 7 of the WMA report). The WMA report, as with preceding reports, documents the history of
these estimates and the considerations given over time to resolve known discrepancies. There are a
number of related issues at the centre of debate:

1. The higher rate and magnitude of floods in the 1800s and the attendant reliability of their
observation.

2. Discrepancies between streamflow based techniques (flood frequency analysis) and rainfall based
techniques (e.g. design storm rainfall).

3. Converting measured heights to equivalent representative flows, i.e. the reliability of the stage-
discharge curve (incl. correction factors for dredging, sediment build up, channel widening, etc.)

Q100 is a design flow that will be exceeded 1% of the time in a long run average (1% AEP, annual exceedence
probability). It is synonymous with the term 100 year ARI (average recurrence interval). While it is the 1% AEP flood
height at any given point that is of interest, the design methodology requires the 1% AEP flow be defined and that 1%
AEP heights are subsequently obtained from this flow.
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4. The method for converting "pre-dam" flows to "post-dam" flows (and vice versa)

5. The use of deterministic rainfall methods (current standard practice) versus newer stochastic
approaches, i.e. Monte Carlo (being proposed in current revision of Australian Rainfall & Runoff
guidelines)

It is necessary, therefore, that the WMA report provide plausible explanations that reconcile these issues to
accompany their best estimate of the Q100 flow. In brief, the explanations offered by the WMA report,
listed in corresponding order, are:

1. A higher rate of flooding between centuries is plausible. They cite recent research into the
influence of Interdecadal Pacific Oscillation as an example. (§3.3.5)

2. The density of rain gauges is sparse in the period of the 1800s (§7.2) and that, assuming it to be a
genuinely wetter period, rainfall-based methods over-represent the more recent drier part of the
record. Another factor is the use of biased (low) areal rainfall averages since rain gauges are not
placed in regions of steeper terrain that coincide with higher rainfall.

3. The stage-discharge relationship is inherently less certain in the region of interest (large floods) but
the 2011 floods offer a greater understanding of this relationship (§6). Improved understanding of
this relationship is cited as a future means for reducing uncertainty in the Q100 estimate (§8.1).

4. The conversion of pre-dam to post-dam estimates for pre-dam flows above 8000 m>s™ has been
poorly understood and overestimated the performance of Wivenhoe dam (Figures 2 to 5). This is
perhaps the single biggest reason offered to explain the discrepancy in Q100 estimates (paragraph
134).

5. This issue is not highlighted in the WMA report, though the SKM (2003) report repeatedly cites this
issue (page 6, 36, 37, 41, 42, 46, 48). In the reviewer's opinion this issue assumes central
importance in its ability to explain issue 4.

While the WMA report offers satisfactory explanations on all of these issues, it does not place suitable
emphasis on the 4th issue, even though this is the most significant factor explaining a difference in Q100
estimates between 6500 m>s™ (SKM, 2003) and 9500 m’s™ (WMA). In the reviewer's opinion, the most
significant insight of the report is found in Figures 2 to 5 but the discussion in §4.3 and §7.1.7 is brief and
deserves a fuller treatment. The emphasis on stage-discharge relationship in the conclusions, while valid,
should not outweigh the issue of pre-dam to post-dam conversion and Monte Carlo methods.

A further matter addressed in this review is the role of hind-sight estimates of Q100 and the scope of work
implied by Task 1. The WMA report cites a Q100 flow of 9000 m>s™ excluding all January 2011 flood
information, but the reviewer feels the authors have used implicit knowledge of January 2011 in arguing for
a different pre-dam to post-dam conversion than SKM (2003). The reviewer speculates that the intended
guestion to be answered is why there might have been a discrepancy between pre-2011 and post-2011
estimates and how this can be reasonably explained.
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2. Selection and homogenisation of annual maximums

There history of the discrepancy between the flow based and rainfall based techniques in estimating the
Q100 has been well documented. The choice is either to assume the large floods in the 1800s are less
reliable (or unreliable) or provide explanations as to why the rainfall based techniques are biased low. The
WMA report suggests that the 2011 flood gives credibility to the observations of large floods in the early
settlement of Brisbane (§8, paragraph 145). The authors offer detailed background on these early estimates
in addition to explanations that might explain the discrepancy between rainfall and flow based techniques.

In an earlier review, Professor Mein (1998, §5) suggested that either the weather was genuinely more
extreme in this period or that the flood observations in the 1800s on the Brisbane River should be regarded
with suspicion (with endorsement for the latter). As a defence of the former scenario, the authors highlight
the existence of climatic variability in §3.3.5, that given periods of a flood record spanning multiple decades
can be biased toward either higher or lower flood values. The presentation of Figure 1 is only qualitative
and it supports this assertion a little, but the reference to Kiem et al. (2003) provides a better and
guantitative support for this observation. This reference demonstrates a regional flood frequency using 40
sites across NSW showing markedly different flood distributions between the +ve and -ve phases of the
Interdecadal Pacific Oscillation (IPO) up to the 100 year ARI. To the reviewer’s knowledge there are no
guantitative studies of IPO phases of flooding for the Brisbane region anywhere close to 1% AEP events.
The reviewer expects this would be difficult to establish for the Brisbane River record because analysis of
the IPO in the 1800s would need to rely on plaeo-reconstructions which do not have the same temporal
resolution as the post-1900 reconstructions (see Verdon and Franks, 2006). Nonetheless, it is plausible that
natural climatic cycles can lead to multiple larger or more frequent floods in one epoch, followed by smaller
or fewer floods in the subsequent epoch.

The report by City Design (1999, §5.1) addressed the concerns of the quality of flow estimates in the 1800s
by detailing the methods used to account for the effects of river dredging and blockage of the river mouth.
They conclude these flows can be reliably included in the flood frequency analysis and go on to obtain a
pre-dam Q100 estimate of 12,300 m’s’. WMA (84, §6) have also chosen to include these observations
(notably 1841, 1844, 1890, 1893, 1898) and further to the June 1999 report they provide a detailed account
of the height estimates and the history of changes in the river such as dredging works. The authors also
discuss the effect of dams on the flow estimates at the Port Office gauge. This discussion is largely
concerned with the impact of Somerset Dam on the 1974 event and the impact of Somerset and Wivenhoe
on the 2011 event. All these factors are drawn upon in §6.3.2 to construct a stage-discharge curve for the
Port Office gauge that is also supported by information from existing stage-discharge curves and hydraulic
modelling to test the dredging assumptions of the 1893 event. In this way the adopted flows are suggested
to represent flows that would occur under pre-dam conditions for identical river section properties.
Appendix B of the WMA report summarises the adopted homogenized flow estimates. Many of the lower
flows are identical to the June 1999 report (Table 1) and a summary of changes in the larger flows is given
here.
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Table 1 Differences in adopted flows due to different stage-discharge relationship

Year City Design:, 1999 WI:II?

(m’s™) (m’s™)
1841 14100 12534
1844 8924 10410
1890 6972 8132
1893 14600 13690
1898 8500 7528
1931 6245 7000
1974 10364 11300
2011 n/a 12400

While the suggested revision of flows based on the WMA stage-discharge curve is justified by the reasoning
offered in §4 and §6, a further reason is that the pre-dam Q100 estimate derived by WMA (13000 m’s™) is
not significantly different from the estimate of 12,300 m’s™ made by the June 1999 report or the SKM
(2003) estimate of 12000 m?s™ + 2000 m>s™ (a point noted by the authors in §8, paragraph 145).

The authors stress the need to improve the stage-discharge relationship (§8.1), which is a valid emphasis as
this will help reduce uncertainty in the flood estimate, but it is the reviewer’s opinion that this is not the
most important emphasis. This issue of uncertainty in the pre-dam Q100 estimate and in the stage-
discharge relationship is pursued further in the following section concerning the flood frequency analysis.

3. Flood frequency analysis

Numerous flood frequency studies have been performed on the Brisbane River and these are summarised
in §5. Whereas earlier methods used rudimentary “fit by eye” techniques, WMA (and also SKM, 2003) have
used a more advanced Bayesian technique (FLIKE, Kuczera, 1999) that has numerous advantages including
the ability to (i) incorporate prior or regional information (ii) incorporate stage-discharge uncertainty (iii)
assess parametric uncertainty and (iv) allow for thresholded values (censoring).

Whereas SKM (2003) used a regional approach that incorporated prior information, WMA have adopted a
frequency analysis solely for the Port Office gauge. Both methods have their merits, and the contrast is not
of interest here since they derive similar pre-dam estimates. WMA have adopted a threshold of 2000 m?s™
(based on Figure 8) so that tidally effected values below this threshold can be incorporated into the method
without needing to specify their exact value. For the full record there are 141 values below this threshold
and the 30 values above this threshold are listed in Appendix B.> The authors considered two common
distributions the GEV and LP3 distribution and 4 different scenarios: (i) full record, 1841-2011 (ii) full record
omitting the 2011 event, 1841-2010 (iii) partial record matching the Lowood/Savages period, 1908-2011
(iv) Lowood/Savages period omitting the 2011 event, 1908-2010.

The reviewer has repeated this analysis using the same software. It is important to stress the methodology
used by WMA and the overall recommendation of a 13,000 m?s™ pre-dam Q100 are not being drawn into
question. If anything the variation on analyses presented here further confirms the 13,000 m>s™ estimate.

* Note: 31 values are inadvertently listed in Appendix B, but the 1843 maximum is below the threshold
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The method suggested here is nonetheless recommended as it will result in lower estimate uncertainty
estimates and offers a suggestion on the relative influence of stage-discharge curve uncertainty.

The LP3 and GEV are standard 3-parameter distributions used in flood frequency analysis and the use of
both distributions provides a comparative check of the methodology. Reviewing the fitted distributions, the
reviewer’s opinion is that the LP3 gives slightly poorer fits. Furthermore, with technical reasoning outlined
in Appendix A of this report, the reviewer considers the 2-parameter Gumbel distribution (simplified from
the GEV) to offer a comparable fit, with the chief benefit being a reduction in uncertainty due to one less
parameter. The reviewer also recommends that the expected probability of the Q100 quantile is quoted in
preference to the Q100 obtained from best expected parameters (assumed usage of WMA)®. The results of
this analysis are presented in Table 2. Comparing these results to those presented for the GEV in Table 10
of WMA the estimates here are slightly higher due to the usage of the expected probability of the Q100
statistic> and the 90% uncertainty limits are smaller due to the use of the Gumbel distribution (limits of
WMA Q100 GEV estimate inferred from Figure 9 as being 10,000 m>s™ to 20,000 m>s™). From Table 2 the
best estimate is on the order of 13,000 m>s™ + 3000 m>s™* and the influence of the 2011 data point on this
estimate is on the order of 500 m>s™ lower and corresponds well with earlier estimates prior to January
2011 (City Design, 1999; SKM, 2003). The 1908-2011 estimate is of a similar magnitude to the 1841-2010
estimate, but the uncertainty limits are much larger. The 1908-2010 estimate is on the order of 2000 m?s™
lower and is more sensitive to the removal of the 2011 event as there is less data in this series.

Table 2 Estimates of Q100 flow (m’s™) from different scenarios using the Gumbel distribution. 4 different
time periods are considered and the effect of stage-discharge curve errors is nominally demonstrated.
90% limits are supplied in brackets.

Year Gumbel, No Rating Error | Gumbel Rating Error N(1,0.2) above 8000 m’s™
1841-2011 (98312,1176261) (9881:,31561968)
1841-2010 (92215?,‘;(1)52388) (927112,51253327)
1908-2011 (79515,??407) (795132337%05)
1908-2010 (6832,51947958) (68115,612;)007)

Note: The exact values from a large sample (5,000,000) have been provided for sake of reproducibility, but given the magnitude of the values and
nature of the estimation they should not be considered more specific than say the nearest 500 m’s™.

The reviewer also notes that the FLIKE software provides facility to incorporate incremental errors in the
stage-discharge relationship. A further test was done using the Gumbel distribution and allowing for
normally distributed incremental errors in the stage-discharge curve (mean = 1, std. dev. = 0.2) for flows
above 8000 m’s™. These figures have not been determined from detailed consideration of information used
in the construction of the stage-discharge curve and they are solely provided for their demonstrative
purpose. Table 2 summarises the results of these repeated analyses. It can be seen that there is negligible
difference in the best estimate after taking into consideration the orders of accuracy. The upper
uncertainty limit is higher, but again this does not seem to be by a significant amount. The scenarios
beginning in 1841 are more sensitive to the stage-discharge curve error as they have more events above

* The former corresponds to an actual best estimate of the Q100 statistic (the average of Q100s made over many
parameter combinations), while the latter refers to the Q100 obtained when applying a single set of parameters (even
though they are the “best” individual parameters). The Q100 obtained from the best estimate parameters will be
close to, but not coincident with the true best estimate of the Q100 statistic.
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the adopted 8000 m>s ™ threshold and the 1908-2010 is the least influenced as only the 1974 event is above
this threshold.

A comparison of the GEV and Gumbel distributions is provided in Figure 1 as it highlights the reduction in
uncertainty and the similarity of best estimate flows for AEPs between 20% and 1%. In brief, the estimate
of 13,000 m?s™ provided by WMA is confirmed here and its upwards revision from earlier estimates, based
on Table 2, can be attributed to the influence of the 2011 event. It is recommended that the estimate is
quoted with 90% confidence as 13,000 + 3000 m>s™. Table 2 demonstrates a method for explicitly allowing
for uncertainty in the stage-discharge curve, but it is unclear whether the demonstrated values are
appropriate and so the estimates are qualitative only. Nonetheless, this demonstration strengthens the
reviewer’s opinion that the estimation methodology is not as sensitive to the stage-discharge curve
uncertainty as to other components.
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Figure 1 Comparison of GEV and Gumbel fits to 1841-2011 Brisbane River Flood data

4. Pre-dam to post-dam conversion

The previous section has highlighted that the pre-dam estimate provided by WMA is similar to earlier
estimates, notably SKM (2003). However, the SKM (2003) post-dam best estimate is 6500 m’s™ whereas
WMA suggest 9500 m®s™ is a better estimate. The assumption by WMA of a different pre-dam to post-dam
conversion than SKM (2003) is based around Figure 3 of the WMA report. This figure summarises (i)
extensive modelling undertaken by SKM involving a sensitivity analysis of spatial variation and temporal
variation in the rainfall patterns, (ii) estimates derived using the CRC-FORGE method, (iii) the 1974 and
1893 historical events considered by SKM and (iv) the 2011 event. Very little discussion is given of the graph
even though it contains a large degree of information. The challenge presented by Figure 3 is that estimates
based on the CRC-FORGE and variation in rainfall patterns are supposed to represent 1% AEP estimates.
However, these techniques only generate a scatter of pre-dam flow estimates in the range 7000-
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10000 m?s™ whereas flood frequency analyses suggest a Q100 pre-dam estimate of 12,000 + 2000 m>®s™. In
determining a pre-2011 estimate of the post-dam Q100 flow the authors present a dashed line from the
top end of this scatter (which also includes the 1974 event) up to the estimated flow of the 1893 event.
Using this line the authors are able to convert the pre-dam Q100 of 13,000 m’s™ to 9000 m’s™ without
explicitly using knowledge of the 2011 event (§7.1.6 para. 132). In the accompanying discussion the authors
readily acknowledge that the 2011 event “provides the only real data point on the performance of the
dam” and using the two actual estimates of the 2011 event (SKM 2011, §7, pg. 55, and WMA 2011b, pg. 3
respectively) estimates the post-dam Q100 flow to be 9,500 m>s™. The only prior point in the region of high
flows is the 1893 estimate, which was considered in the SKM report (2003, pg. 29) to be of questionable
reliability (where the consideration was not in isolation but also included attempts to reconcile their
method with the lower rainfall estimates and with the inherent scatter in the data underlying Figure 3).
Therefore while an estimate of 9000 m?s™ could well be derived without knowledge of the 2011 event, it
places disproportionate confidence in the reliability of the 1893 estimate (implicitly backed up by
knowledge of the 2011 event).

The WMA report highlights the considerable scatter and sparseness of existing estimates of the dam’s
influence (§4.3, para. 63). The authors cite the example that “two floods could have a similar peak inflow
and very different volumes and hydrograph shapes”. This is very true. Consider for example that if the 2011
event did not have a second peak, the dams would not have required releases and there would be a
different factor representing the attenuation of the dam for the same peak inflow. This observation of the
joint nature of flood peaks and flood volumes is then countered with “there is however reasonable
correlation of volume and peak flow”. While true, this statement underplays the degree of difficulty implied
by this scatter and seems at odds with the suggested zones of influence of the dam being depicted in
Figures 3 to 5. With these zones of influence the authors are trying to highlight that the scatter in the dam’s
performance is not necessarily linear and likely departs from the assumed 50% line. It is because of a lack of
understanding (at high pre-dam flows) and the considerable scatter in the pre-dam to post-dam
relationship that a hindsight estimate can recommend a post-dam Q100 of 9,500 m>s™ where the previous
best estimate based on the general scatter and other underlying issues in the data assumed a 50%
reduction that gives 6500 m’s™.

The conversion of pre-dam flow estimates to post-dam flow estimates is a complex function of the spatial
and temporal patterns of rainfall. These patterns lead to the joint occurrence of flood volumes and peaks,
but they also lead to other joint probability issues. For example, a rain event that lands exclusively below
the Wivenhoe, or in the Lockyer or Bremer systems, will not be intercepted by the dams and so will
undergo 0% attenuation. The same amount of rainfall falling in the catchment exclusively above the
Wivenhoe may well undergo 100% attenuation. These types of problem are referred to as a joint-
probability problems and they present a significant challenge to hydrologic design methods. Other types of
joint probability problems include the initial reservoir level at the start of the storm (resolved previously,
see §4.3, para. 61), the joint effect of tidal anomalies and freshwater flooding on flood levels in the lower
reaches (less relevant to this report).

The chief issue with the overall flood frequency analysis is not with the fitting of distributions to selected
data points, rather to the complication of the dams: dam response is volume dependent, but traditional
flood frequency analysis is peak-based. There is significant scatter in the conversion of pre-dam to post-
dam estimates and the relationship in Figure 3 is not well understood for the higher flows. One of the main
recommendations of SKM (2003, pg. 48) was to implement a more exhaustive assessment of this scatter via
a Monte Carlo approach. However, there is considerable challenge in implementing this method, since the
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discrepancy between rainfall-based and runoff-based techniques remains. The WMA report (§7.2) suggests
two reasons why the rainfall methods are biased low. The first is that if the 1800s genuinely produced
larger floods, then we do not have suitably dense rainfall networks in this period to have captured the
events. In other words, the period which we have dense rainfall networks for is postulated to be a drier
period. While this explanation is possible it is not clear to the reviewer how it could be tested or how
rainfall scaling factors could be reliably estimated with correct long-term frequency in order to overcome
this issue. The second reason offered by the authors is that areal averages of rainfall have been
underestimated owing to the inhibited pattern of gauges in regions of steep terrain so that they do not
capture the most intense parts of a storm. It is not clear whether this observation would account for the
entire discrepancy between flow based and rainfall based estimates, but it at least has the benefit that it
can be quantified more readily with attention to spatial interpolation algorithms and covariate elevation
data. Even if these issues were overcome, it is a non-trivial exercise to generate the spatial patterns for a
Monte Carlo estimate. While Monte Carlo estimation techniques are mature to the point of being included
in the latest revision of Australian Rainfall and Runoff, the methods for simulating spatial rainfall data are
complicated and remain less developed in engineering research and less tested in engineering practice.

5. Obtaining flood level estimates

This review is primarily concerned with the hydrologic aspects of the WMA report. Having obtained the
Q100 post-dam estimate of 9500 m>s?, the Mike 11 model was used to obtain the 1% AEP flood level
estimates and the January 2011 flood level estimates for all lengths of the Brisbane River up to the Moggill
gauge. Revisions of this model are documented in WMA (2011b) and SKM (2011). The authors note that
while the model matched the January 2011 observations at Moggill, Jindalee and the Port Office well,
discrepancies of up to 1.8m were observed at other locations recorded in the 2011 Joint Task Force report.
The authors therefore calibrated the model to this data and used it to obtain the flood levels corresponding
to the 1% AEP. As a technical matter, more information would have been appreciated on how the
calibration of Figure 13 was achieved or whether this can be found in other reports. For example, what are
the roughness values in the main channel and flood plain? Comparing the existing 1% AEP levels to the
updated estimates (Figure 12), a difference of approximately 1m is seen at the Port Office gauge, at 3 km
upstream the difference is approximately 2 m, at 10 km upstream the difference is 2.5 m, at 25 km
upstream the difference is 3 m. Based on the frequency analysis, the 2011 event has an approximate ARI of
120 years (0.83% AEP) and the flood levels vary up to 0.5 m above the 1% AEP level in the upper reaches.

6. Conclusions

The estimation of design levels on the Brisbane River contains many complications and sources of
uncertainty. The WMA report is concerned with the methodology of flood frequency analysis, which, in its
most straightforward mode, is the fitting of a distribution to a set of statistically similar flood peaks. While
this method is traditionally focused on streamflow, it seems that the methodology cannot be easily
divorced from rainfall-based analyses because of the need to convert the pre-dam flow estimates coming
out of the flood frequency analysis back into post-dam estimates that can be used to obtain the design
levels for current conditions.
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Over the successive reports on the Brisbane River there has been a discrepancy between the flow-based
estimates and the rainfall-based estimates which existing studies have struggled to reconcile. This is in part
due to the peculiar occurrence of more frequent and larger floods in the 1800s, where only 1 comparable
flood exists in the 1900s. As suspicion has been cast over the accuracy of flood estimates in the 1800s,
more emphasis has typically been placed on verifying the assumptions that underpin the rainfall analysis.
With the occurrence of the 2011 flood, the WMA report places a renewed confidence in the credibility of
flood estimates in the 1800s and offers detailed reasoning to establish the reliability of their estimation. In
doing so they offer several reasons to support the plausibility of numerous large floods in the 1800s and to
justify their perception that rainfall —based estimates are biased low. The first reason they offer is that
there is a recent and growing understanding that flood peaks can be modulated by climatic oscillations
spanning multiple decades. On this basis, the irregular rate and magnitude of flooding is more conceivable.
They further suggest that, if this claim is proven true, then the lack of rainfall observations spanning the
1800s means that estimates of large rainfalls from the 1900s are biased towards a relatively drier period.
While these explanations are plausible, it should be stressed that they remain quantitatively unverified for
the Brisbane region (and verification is a non-trivial task). The other reason they offer to potentially explain
the low bias in rainfall estimates is that rain gauges do not adequately sample higher rainfall areas that
naturally occur in less accessible and steeper terrains. This suggestion is more amenable to being verified.

After detailed consideration the pre-dam Q100 estimate of 13,000 m®s™ + 3000 m>s™ is robust and it agrees
with earlier flood frequency estimates. The authors highlight the inherent uncertainty in the stage-
discharge relationship, but it is suggested here that while this emphasis is valid, a better understanding of
the pre-dam to post-dam conversion of flows is of equal, if not greater significance. As a hindsight exercise
the existence of the 2011 flood along with the 1974 and 1893 floods is sufficient to establish the conversion
of pre-dam estimates from the flood frequency technique to post-dam estimates (without recourse to
rainfall based methods). WMA suggest the best post-dam estimate is 9,500 m’s?, and this seems
reasonable given the methodology they have followed. However, attempting to apply this conversion
without knowledge of the 2011 event, whether explicit or implicit, is considerably more challenging and
represents the issue facing the authors of the SKM report (2003) who determined an estimate of 6500
m’s™. As a main recommendation the authors of this earlier report recommended a (rainfall based) Monte
Carlo analysis as the best means for overcoming this limitation. This recommendation is repeated here as
the zones of influence suggested by WMA in Figures 3 to 5 are still subject to uncertainty. However, correct
implementation of this technique would face several challenges including the convincing simulation of
spatial rainfall patterns and the outstanding issue that rainfall based estimates have yielded lower flow

estimates.
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Appendix A

Inspecting Figure 9 and Figure 10 of the WMA report it seems that the upper uncertainty bound extends to
the vicinity of 20,000 m>s™*, which seems high. The GEV distribution has the following distribution function

Fz;p.o,8) = exp{‘ [1 +¢ (I - H)}_m}

Where | is the location parameter, O is the scale parameter and & is the shape parameter. When the

skewness is zero (or otherwise not significantly different from zero), the 3-parameter GEV distribution
becomes the 2-parameter Gumbel distribution.

F(x;u,0,0) = exp {—exp (Q)}

The benefit of having one less parameter is a reduction in the uncertainty estimate (as the skewness
parameter need not be estimated, but is fixed to have the pre-determined value of 0). Qualitatively this
decision can be determined by inspecting any (lack of) curvature in the fitted GEV distribution.
Quantitatively it can be made by assessing the distribution of the estimated skewness parameter (supplied
by the FLIKE software of Kuczera, 1999). If the 95% limits of this distribution contain the value 0, then the
skewness cannot be statistically distinguished from 0. In other words, a Gumbel distribution is suitable.
Figure Al shows this observation to hold for the 1841-2011 Port Office record (though perhaps a GEV with
fixed skewness parameter at 0.1 would perform just as well or could be argued for on the basis of prior
knowledge).
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Figure A1l Distribution of GEV shape and location parameters for 1841-2011 data. Best estimate of shape
parameter is 0.1, but the 95% confidence interval shows it is not statistically different from 0

It is important to note that this is a statistical observation and that other reasons may apply for retaining
the skewness parameter. The most notable is for the extrapolation of estimates beyond the largest
observed value. In this instance, the presence of the 1841 and 1893 events as indicated in Figure 9 show
that the Q100 is within the interpolation region so that this simplification is justified.
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SINCLAIR KNIGHT MERZ

Review of Report by WMAwater

1.

Introduction

This report was prepared at the request of the Queensland Floods Commission of Inquiry. It
provides a review of the report prepared by WMAwater (2011) that investigates the “Q100”
flood along the lower reaches of the Brisbane River and the probability of the 2011 flood
event.

For simplicity the term “Q100” is adopted throughout this report to denote the flood that has a
1in 100 (or 1%) chance of being exceeded in any one year®.

The scope of the report prepared by WMAwater was to provide estimates of:

o the Q100 flood line on the basis of information and reports that existed prior to the
2010/2011 floods;

o the Q100 flood line as it stands now, taking into account the data from the January 2011
event; and,

o the severity of the January 2011 flood along different points on the Brisbane River
expressed in terms of its annual exceedance probability (ie, the chance that it might be
exceeded in any one year).

It needs to be recognised that the above scope represents a most difficult task, particularly as
the investigation was undertaken in a very limited timeframe and without the involvement of
the two key agencies concerned (namely, Seqwater and Brisbane City Council). In essence
the scope requires WMAwater to resolve some vexed issues that have been the focus of a
number of detailed investigations and independent reviews over the past three decades. It is
thus inevitable that any conclusions drawn from such an investigation will be open to
argument and be vulnerable to criticism. In short, this is a complex problem that is subject to
considerable investigative constraints: it must be expected that any conclusions drawn are
subject to the appropriate caveats, and would be superseded by the more detailed
investigations contained in Recommendation 2.12 of the Interim Report prepared by the
Queensland Floods Commission of Inquiry (2011).

This report should be read in conjunction with the report prepared by WMAwater (2011), but
the main points are made in a fashion that should avoid the need for detailed cross-
referencing.

! The Q100 flood is more correctly referred to as the “1 in 100 AEP” or “1% AEP” flood, where AEP
denotes the “annual exceedance probability” of the event. This flood is also referred to colloquially as the
“100 year flood”, which is a misleading term that does not correctly capture the notion that the event has a 1
in 100 chance of being exceeded in any one year.
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6. It should be noted that the author of this report has been involved in a number of previous
investigations relevant to the subject of this review, namely:

o preliminary risk assessment of Wivenhoe, Somerset and North Pine Dams, commissioned
by the (then) South East Queensland Water Board, as reported in Sinclair Knight Merz
and Hydro Consulting Hydro Electric Corporation (March, 2000);

o hydrological investigations into flood behaviour for the lower Brisbane River
commissioned by the Brisbane City Council, as reported in SKM (2003);

o review of hydrological issues relevant to the January 2011 event commissioned by
Seqwater, as reported in SKM (2011%); and,

o provision of advice to Seqwater on an ad-hoc basis since January 2011.

7. A summary of the qualifications and experience of the author of this report is provided in
Section 2. An overall appraisal of the WMAwater report is presented in Section 3, and more
detailed matters relating to the frequency analyses are discussed in Sections 4 and 5.
Conclusions and recommendations arising from this review are presented in Section 6.
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2. Qualifications and Experience of Reviewer

8.  This report was prepared by Dr Rory Nathan, who is currently the General Manager
Technology and Practice, and the Practice Leader for Hydrology, with Sinclair Knight Merz
(SKM).

9.  Dr Nathan holds the following academic qualifications:
o Bachelor of Engineering (Agriculture) from the University of Melbourne (1980)
o Master of Science (in Engineering Hydrology) from the University of London (1985)
o Diploma of Imperial College, University of London (1985)
o Doctor of Philosophy, University of Melbourne (1990)

10. He has the following professional affiliations:

Fellow, Institution of Engineers, Australia

Australian Representative, Floods Committee, International Committee on Large Dams
Member Hydrology Sub-committee, NSW Dams Safety Committee

Honorary Fellow, Department. Civil Engineering, Monash University

Past Honorary Fellow, Dept. Civil and Environmental Engineering, University of
Melbourne

O O O O

11. Dr Nathan has over thirty years experience in various organisations in Australia and overseas,
covering academia, the public service, and private industry. Of particular relevance to the
subject of this review, he was the lead author of the current Australian guidelines for the
estimation of large to extreme floods (Nathan and Weinmann, 1999), and was a co-author of
the current guidelines on the selection of acceptable flood capacity for dams (ANCOLD,
2000). He is also on the Engineers Australia’s Technical Steering Committee for the ongoing
revision of the general guidelines for design flood estimation. He has worked on numerous
projects concerned with the assessment of flood risk across Australia, in every State and
Territory. He has been contracted by the majority of major dam owning and other water
resource agencies in Australia to provide consulting and advisory services, independent
technical review, and participation in expert panels in formal flood risk assessment processes.
He has also been contracted by several U.S. agencies to provide input to the development of
flood estimation practice and related guidelines on the characterisation of flood risk.

12. He has published over 150 research papers on engineering hydrology in refereed journals,
books, and conference proceedings, and has won several national and international awards for
his contribution to professional practice, including:

o Named as member of Top 100 Most Influential Engineers in Australia, 2009;
o National Civil Engineer of the Year, awarded by the Institution of Engineers, 2000;
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o Three-times awarded Engineers Australia’s W.H. Warren Medal for the best paper in
Civil Engineering (1992, 1998, and 2005);

o American Society Civil Engineering Journal of Irrigation and Drainage Engineering Best
Research Paper Award (1997); and,

o G.N. Alexander Medal (1998) for the best paper in Hydrology and Water Resources,
awarded by Engineers Australia.

13. A more detailed curriculum vitae is provided in Appendix B.
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3.

14.

15.

16.

17.

18.

Overall Appraisal

The following briefly reviews the approach taken by WMAwater to address the scope of
investigations as provided by the Queensland Floods Commission of Inquiry. The comments
provided below are grouped according to the report sections adopted by WMAwater, and
more detailed matters relating to the frequency analyses and assessment of event severity are
discussed in Sections 4 and 5 of this report.

Section 3 of the WMAwater report presents background material on the context for the Q100
and the salient issues involved in its estimation. This material is well supported by the
relevant guidelines and provides a useful overview of the issues involved.

Section 4 of the WMAwater provides a concise distillation of material relating to the history
of flooding and river engineering works along the Brisbane River since early European
settlement. The summary is well targeted to the needs of the investigation, though the
information presented on the flood mitigation performance of Wivenhoe dam is based on a
selective mix of historical and simulated analyses. This has important implications as noted in
paragraph 19 below and in the following Section 4.

Section 5 of the WMAwater summarises the outcomes of the flood investigations previously
undertaken for the catchment. The information is presented in a manner that emphasises the
chronology of the estimates, and little analysis is provided on the differences in hydrologic
assumptions, information content, and methodology that is associated with the different
estimates. Such analysis would highlight the nature of the supporting evidence, and would
clarify the extent to which the changes are due to re-examination of historical data, changes in
methodology and operating assumptions, and/or the role of subjective judgement used in the
investigations. In other words, while the discussion provides a comprehensive summary of
how estimates have changed over time, it does not constitute a critical review that sheds light
on the hydrological rationale for the changing estimates of Q100 over time. As discussed in
Section 4 of this report, the nature of the factors that influence the flood estimates under “no-
dam” conditions have changed little in comparison with those under current conditions where
the mitigating impacts of Somerset and Wivenhoe Dams are considered.

Section 6 of the WMAwater report discusses the general issues involved in determining a
rating curve, as well as a number of specific issues that confound the derivation of flows from
flood level information at the Port Office. Determination of reliable rating curves over the
period of available flood level information is a tractable problem, but its solution does require
relevant bathymetric and tidal information, and careful hydraulic analysis. The rating curve
derived by WMAwater makes good use of available information and is consistent with other
analyses; the only point of minor disagreement relates to the averaging of rating curve
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19.

20.

information over the lower range of discharges. The lower end of the curve is well defined by
the constant release of 3500 m*/s from Wivenhoe Dam made by Seqwater in January 2011
(SKM, 2011b); the artificial nature of these flow conditions are well suited to the derivation of
the lower end of the rating curve and should be given high weight compared to other
evidence.

Section 7 of the WMAwater report presents the substantial analyses used to derive the revised
estimate of the Q100. Comment on the key issues arising from this is provided in the next
section of this report, but in terms of overall appraisal it is suffice to note here that:

o the broad approach used to undertake the frequency analysis using historical maxima is
appropriate;

o there is reasonably strong justification for the Q100 estimate under “no-dam” conditions
as it is largely supported by observations over a 170 year period; but,

o the justification presented for the Q100 estimate under current conditions is based on an
assumption that reduces the operational complexity of Wivenhoe Dam and the associated
joint probability issues to a single fixed reduction factor — the analysis involves a
somewhat circular argument and relies heavily on the information contained in a single
event, and as such, the estimate provided by WMAwater is not considered defensible; and
accordingly,

o the estimates of the Q100 flood levels along the Brisbane River are not supported — the
primary reason for this view is because the Q100 flow estimates are not defensible, but it
is also noted that more current information on debris marks has not been used.

Section 8 of the WMAwater report provides the conclusions of their investigations. As
indicated in the preceding paragraph the conclusion drawn regarding the Q100 estimate under
“no-dam” conditions is accepted, and the Q100 estimate relevant to current conditions is not.
The recommendations made concerning the need to model the Port Office gauge with a
hydrodynamic model are supported, but the lack of discussion (and associated
recommendations) around the limitations inherent in the treatment of Wivenhoe Dam
operations and the associated joint probability issues is considered a significant omission.
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4.1.

21.

22.

23.

4.2.

24.

25.

Flood Frequency Analysis

Overview

The approach adopted by WMAwater to derive an estimate of the Q100 event based on
information available prior to 2011 may be summarised as follows:

a) The Port Office gauge was selected on the basis of relevance and length of record.

b) Historical flood levels prior to 1917 were adjusted to account for dredging works, and the
flow peak for the 1974 event was adjusted (upwards) to represent “no-dam” conditions.

c) A statistical distribution was fitted to the historical flood maxima and used to estimate the
“no-dam” Q100.

d) A single factor was applied to the “no-dam” Q100 estimate to derive an estimate of the
Q100 under current conditions.

The above approach was repeated using data obtained from the January 2011 event (where in
step b the flow peak for the 2011 event was adjusted upwards to represent “no-dam”
conditions), and the Q100 estimates were recalculated to determine the impact of the recent
floods.

The above steps involve varying degrees of subjective judgement and are underpinned by
different levels of supporting evidence. These differences impact markedly on the
defensibility of each successive step, as discussed below.

Adjustments to Historical Flow Estimates

Adjustment of historical flood levels prior to 1917. The estimates of flood peaks for the events
prior to 1917 are largely based on estimates provided by City Design (1999%), where the
highest events were revised in line with a rating curve derived from the hydraulic modelling®.
These adjustments attempt to take account of the river engineering works that had taken
place, as summarised by WMAwater. The rationale for this adjustment is clear, though it is
recognised that the bathymetric information on which the estimates are based is uncertain.
The sensitivity testing undertaken by WMAwater would suggest that the adjustments are
“probably appropriate”.

Impact of Revised Rating Curve. 1t would appear that WMAwater revised the flood estimates
provided by City Design (1999*°) for the highest historic events on the basis of their revised

2 Appendix B of the WMAwater report incorrectly states that the adjusted flood level data was obtained from
“SKM June 1999 report” — this citation should read City Design (1999%). It is also noted that WMAwater also
replaced the 1931 flood level estimated by City Designs (6245 m®/s) with their own estimate (7000 m%s).
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26.

27.

rating curve. The difference between the two sets of flood estimates is illustrated in Figure 1.
With the information provided it is not possible to comment meaningfully on the
appropriateness of the new flood estimates, other than to speculate that the hydraulic
modelling approach used by WMAwater is likely to be more defensible than that available to
City Designs in 1999. The point of the Figure 1 is to illustrate the influence of this step in
their analysis, where at the high flow end the difference in the best estimate of flows is in the
order of ~1000-2000 m%/s.

9 —
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£ 6-
< O e
E. o
A ®
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'8 O e ® O
9 31
('8
®
2 7 @0@@’ ® < City Design (1999a)
- &O # City Design (1999b)
* WMAwater (2011)
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0 5000 10000 15000
Flood Peak (m3/s)

Figure 1. Difference in estimates of historical floods derived by WMAwater and City
Designs.

Derivation of “No-dam” estimate of 1974 peak flow. No information is provided by
WMAwater regarding the means by which the estimate of flow at the Port Office gauge was
adjusted upwards to represent “pre-Somerset dam” conditions. Various estimates could be
derived from earlier work that are within 1000 m*/s of the adopted value of 11300 m*/s (eg
Hegerty and Weeks, 1985; SKM, 1998; City Designs, 1999; SKM, 2003) and it is unclear
from the text what adjustments were made to account for the revised rating curve and for the
removal of Somerset Dam.

Derivation of “No-dam” estimate of 2011 peak flow. Similarly, no information is provided by
WMAwater regarding the means by which the estimate of flow at the Port Office gauge
(~9600 m®/s) was adjusted upwards to represent “no-dam” conditions (12400 m®/s). It is
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4.3.

28.

29.

30.

31.

32.

assumed that this was achieved using hydrologic inputs and hydraulic model provided by
SKM (2011°), but adopting different assumptions in some fashion. It should be noted that the
estimate derived by SKM (13400 m®/s) was higher than that adopted by WMAwater, though
without further information it is difficult to comment on the relative merits of the WMAwater
estimate.

Frequency Analysis for “No-dam” Conditions

WMAwater used the FLIKE software developed by Kuczera (2001) to fit two different
statistical distributions to the set of “no-dam” flood peaks. The conceptual nature of the
statistical approach adopted (Bayesian maximum likelihood fitted to a censored historical
series) represents best practice and is fully supported.

It is noted that the difference in estimates of the “no-dam” Q100 arising from choice of the
distribution adopted for the full period of record is around 1600 m?/s, or around 12% of the
adopted estimate. This uncertainty reflects the “unknowable” nature of the distribution that
governs the distribution of floods, and is additional to the uncertainty arising from the sample
of historic maxima considered. It should also be noted that this uncertainty does not reflect
the uncertainty inherent in the estimates of the flood maxima, as discussed above in
paragraphs 24 to 27.

The nature of these uncertainties are common to all such investigations, and the preceding
point is made to illustrate that, even if we assumed that we had 171 accurate observations of
annual maximum floods, and that they represented a homogeneous sample, estimation of the
Q100 is inherently an uncertain business. A reasonable estimate of the uncertainty of the “no-
dam” Q100, even with these 171 years of observations, is around 30% to 40% of the adopted
value.

On the basis of the information presented by WMAwater, it is considered that 13000 m*/s
represents a reasonable estimate of the “no-dam” Q100.

WMAwater make the point that their estimate of 13 000 m*/s is consistent with the “more
recent” flood frequency estimates provided by SKM (1998) and City Design (1999%). This is a
slightly curious observation to make, for it is noteworthy that this estimate is similar to all
previous estimates of the Q100 in studies cited by WMAwater. The term “similar” is used
here to denote a range of values that lie well within the notional (but optimistic) band of
uncertainty of £30%. The relevant estimates of interest are summarised in Table 1, and
illustrated in Figure 2.
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= Table 1: Summary of estimates of the “no-dam” Q100.

Estimate of Q100 Year Derived | Source
(m’/s)
11500 1984 Weeks (1984) (also cited by Greer, 1992)
14910 1993 Dept. Natural Resources (1993)
13700 1998 SKM (1998)
12300 Jun 1999 City Design (1999%)
11000 Dec 1999 City Design (1999%
SKM (2003); Mein et al. (2003)
12000 2003* o :
Indicative uncertainty: 10000 — 14000 m®/s
13000 2011 WMAwater
See paragraph 33 for details.
18000 -
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a~ 14000 - *
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Year of Estimate

»  Figure 2. Chronology of estimates of the “no-dam” Q100 (where the bold dashed line
denotes the estimate made by WMAwater, and the notional associated band of
uncertainty is shown by the narrow dashed lines).

33. Itis not clear why WMAwater did not critically review the extensive flood frequency analysis

undertaken by SKM (2003). It represents the most recent investigations into the
characterisation of flood risk along the lower Brisbane River, and the findings of the study

were independently reviewed and endorsed by an independent panel (Mein et al, 2003). The

study used a similar statistical approach as adopted by WMAwater, but reinforced the
statistical inference by use of information from a number of other gauges. The SKM (2003)
investigations focused on flood observations derived for Savages Crossing, which has a

catchment area around 25% less than the Port Office gauge. While historical evidence (eg

SINCLAIR KNIGHT MERZ

D:\Jobs\BrisbaneRiver\Babister Review\Flood Frequency Review_Final A_28 Sep 2011.docx

PAGE 10



Review of Report by WMAwater

SINCLAIR KNIGHT MERZ

City Design, 1999°) suggests that the peak flows along the lower Brisbane River tend to
remain approximately constant (as noted by WMAwater, paragraph 97), evidence based on
general Australian flood extremes (eg Nathan et al, 1994; Malone, 2011) suggests that peak
discharges (for the larger catchment areas of interest) vary in a non-linear manner that is
proportional to the ratio of the catchment areas raised to the power of 0.62. Thus, a Q100
estimate derived for Savages Crossing might be transposed to the Port Office under “no-dam”
conditions by application of a factor that might vary between 1.0 and 1.20 (where greater
weight should be applied to the lower figure on the basis of site-specific information). The
SKM (2003) study concluded that the “no-dam” Q100 was likely to be between 10000 m*/s
and 14000 m®/s, with a best estimate being 12000 m°/s. If some account were made for the
difference in catchment area between the two sites, the corresponding estimate at the Port
Office gauge might be between 12000 m*/s and 14300 m%/s. This range neatly brackets the
estimate derived by WMAwater, but given the additional weight that should be given to
catchment-specific behaviour, it is concluded that the WMAwater estimate is around 5%
higher than the estimate derived by SKM (2003).

34. This level of agreement between the SKM (2003) and WMAwater results is particularly
important as they were derived using largely independent data sets. That is, using two
separate sets of data representing long-term flood behaviour, both studies yielded similar
estimates of the “no-dam” Q100. Such independent corroboration increases the level of
confidence in the best estimate adopted. (The two studies do, however, diverge when it comes
to the estimate of the Q100 for current conditions, and this is discussed in the following
section.)

35. The information presented in Table 1 and Figure 2 actually illustrates an important point: the
estimates of “no-dam” Q100 have changed little over the past 30 years because the underlying
information from which they are derived is from a long period of observations that spans 170
years. The estimates of the “no-dam” Q100 are thus szatistically robust as there is reasonably
good evidence for the natural variability of flood behaviour in this catchment. Further efforts
to refine the flood observations using better bathymetry data and hydraulic modelling will
serve to reduce the band of uncertainty, but the “best estimate” is unlikely to change in a
material fashion.

4.4, Estimation of the Q100 for Current Conditions

36. The reasonable consistency that is evident for estimates of the Q100 under “no-dam”
conditions is not present when the corresponding timeline of estimates for “current”
conditions are compared. This point is made quite strongly in the WMAwater report, and the
reasons for this are worth exploring.
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37.

38.

39.

40.

The difference between estimates of the Q100 under “no-dam” and “current” conditions is the
mitigating effects afforded by the presence of Somerset and Wivenhoe Dams. These dams
have considerable potential to reduce flood peaks for rainfall events that occur in the upper
half of the Brisbane River catchment, but obviously have no ability to control floods from
rainfalls that fall downstream of their location. Their potential for flood mitigation decreases
as the magnitude of the flood increases, and this is in part dependent on the manner in which
Wivenhoe Dam is operated. The ability of the dams to reduce peak levels at the Port Office is
dependent on a number of key factors, namely:

The average depth of the rainfall and the nature of the antecedent conditions;

The location of the most intense areas of rainfall (ie, the spatial patterns of rainfall);
The manner in which rainfall intensity varies during the event (ie rainfall temporal
patterns);

How the storm moves across the catchment during the event;

The influence of tidal conditions on flood levels;

The flood storage available in the dams just prior to the onset of the event; and,
Operating procedures used to release stored floodwaters from the dams.

o O O O

It should be recognised that all but the last two factors influence flood magnitude under either
“no-dam” or “current” conditions. These factors are stochastic in that they depend on the
capricious variability of Mother Nature, whereas the last two factors are (to different degrees)
determined by human intervention.

There is an infinite manner in which the different stochastic factors may combine to result in
a flood, and for this reason the longer the period of record the more confidence we have in our
ability to characterise expected flood behaviour. As discussed in the preceding section, we
have reasonable confidence in our estimate of Q100 under “no-dam” conditions as we have
170 years of observations to help us.

However, the introduction of the dams completely alters the manner in which these stochastic
factors combine to yield a flood. The presence of the dams markedly heightens the sensitivity
of the flood magnitude to these natural stochastic influences. For example, under natural
conditions it makes little difference whether or not the most intense part of the storm is
located over the exact centre of the catchment, or a small way upstream or downstream of it.
However, with a dam in place, such a difference might mean that the bulk of the flood is
impounded by the dam, or the flood might rise downstream of it. Examples of this variability
may be seen in the spatial patterns associated with past major events, as reproduced in
Appendix B from information presented in SKM (2003; 2011%). These plots show for
example that the rainfall in the January 1893 event was largely restricted to the area above
Somerset Dam, but in January 1974 it would have fallen below both dams. Thus, even if the
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41.

42.

43.

44,

average catchment rainfall depth had been the same, the resulting peak flow at the Port Office
would have been markedly different.

In short, the introduction of dams into the system vastly increases the complexity and
uncertainty of flood behaviour as experienced by residents of Brisbane. While the availability
of 170 years of record allows us to characterise flood risk with some degree of certainty, we
need considerably more sophisticated tools to estimate this with the dams in place. Indeed, the
historical information available to us that is relevant to “current” conditions (ie since the
upgrade to Wivenhoe Dam in 2003) is in fact contained in a single event, in January 2011.
With care, the historical information contained in a small number of events might be altered
to represent current conditions, but by comparison with the information content that supports
the estimate of the “no-dam” Q100, this is a miserably small data set to examine.

Given the foregoing, it is seen that the uncertainty surrounding the estimate of the Q100 for
“current” conditions is inherently greater than that for “no-dam” conditions. Any estimate of
the Q100 for current conditions is necessarily subject to simplifying assumptions, each of
which will reflect the changing nature of what is “current”. That is, the estimates will change
according to the size of dam, the governing operating rules, and the nature of the design
information that was thought to be most relevant at the time. It is thus to be expected that
estimates of the Q100 for “current” conditions will be more volatile than those for “no-dam”
conditions, and that these will vary over time as conditions change. It is for this reason that
the only defensible way of estimating flood risk for current conditions is to analyse the joint
probabilities in an explicit manner using such techniques as Monte-Carlo simulation, as
recommended by SKM (2003) and Mein et al. (2003), and more recently by the Joint Flood
Task Force (2011) and in the Interim Report prepared by the Queensland Floods Commission
of Inquiry (2011).

The foregoing provides a broader context for commenting on the method used by WMAwater
to estimate the Q100 under current conditions. WMAwater (as described in paragraph 32 of
their report) converted the “no-dam” estimate of the Q100 to “current” conditions by the
simple application of a single factor (0.73). In essence, this factor is intended to account for
all the stochastic complexity as described in the preceding paragraphs. WMAwater make the
under-stated comment that the “2011 data provides the only real data point on the
performance of the dam”. It is for this reason that the Q100 estimate is sensitive to
consideration of the 2011 event, whereas that for “no-dam” conditions is not. No further
comment is made concerning the limitations of their approach, and no recommendations are
made concerning the need for improving this aspect of their inference.

By this means, WMAwater estimate the Q100 for current conditions to be 9500 m*/s. This
estimate is almost 50% higher than the estimate derived by SKM (2003), despite the fact that
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45.

46.

47.

the corresponding estimates derived by WMAwater and SKM for “no-dam” conditions are
similar. It should be noted that the SKM (2003) estimate is derived using a model to simulate
the operating procedures of the two dams, and a hydraulic model to route the outflows down
to the Port Office. The inputs reflecting the stochastic behaviour of the system were
conditioned to be consistent with the “no-dam” flood conditions, where the impacts
associated with dam operations were handled by deterministic modelling.

The estimate derived by SKM (2003) was endorsed by an independent review panel
established for the purpose. Both SKM and the independent review panel acknowledge the
limitations of the adopted approach, and as a consequence both parties separately
recommended the need for a more rigorous approach based on explicit joint probability
procedures.

WMAwater’s estimate of “current” flood risk is heavily dependent on the results of a single
flood event. Apart from the statistical sampling limitations involved, the simplicity of this
approach introduces a degree of circularity in their argument. As noted above, the flood
mitigation potential of the dams decreases as the magnitude of the flood increases. If the
January 2011 flood is more representative of an event with an annual exceedance probability
of 1in 200, then it would be expected that a factor lower than 0.73 should be used, and thus
the resulting estimate of the Q100 would be lower. The assumption that the characteristics of
the January 2011 event are directly relevant to the Q100 biases the outcome in a very
selective fashion. Giving more weight to the other evidence presented in Figure 3 of their
report would alleviate this problem, but again the size of the sample compared to the nature of
the stochastic influences does not provide compelling justification for the adopted approach.

In summary, it is considered that the approach taken by WMAwater does not give adequate
consideration to the stochastic factors that influence the conversion of the “no-dam” estimate
of the Q100 to “current” conditions. While it might be expected that the January 2011 event
might result in an upwards revision of the Q100 estimates as derived in 2003, no compelling
evidence to this effect has been presented.
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5.

48.

49.

50.

51.

52.

Assessment of Event Severity

On the basis of their derived Q100 estimate for current conditions, WMAwater estimate that
the 2011 event has an annual exceedance probability of 1 in 120. The exceedance probability
is precisely stated given the large uncertainty inherent in its estimation. Following from the
discussion presented in the preceding section, this author does not agree with either the
inferred accuracy or the magnitude of this assessment.

WMAwater present supporting evidence in the form of rainfalls. It is not stated how the
rainfall estimates provided in Table 12 of the WMAwater report were derived. Any estimate
of total catchment rainfall is heavily dependent on the number and quality of the rainfall
gauges used, and the manner in which the surface fitting procedures account for the influence
in topography. It is thus not possible to comment on the validity of the catchment rainfall
totals presented. It is noted that only gauges operated by the Bureau of Meteorology were
used, and that there are other gauges (eg ALERT) that could be used to refine the estimate. It
is not clear why a range of areal reduction factors were considered as this can be calculated —
from Table 4-1 of SKM (2003) it may be inferred that the 3-day areal reduction factor
relevant to the catchment is 0.86.

SKM (2011%) undertook an analysis of event rainfall data and concluded that the annual
exceedance probability of the rainfalls for the whole dam catchment was around 1 in 100 to 1
in 200, though the annual exceedance probability of the most extreme point rainfalls that
occurred in the centre of the Brisbane River catchment was likely to be between 1 in 500 and
1in 2000. This interpretation suggests that the event rainfalls were rarer than that concluded
by WMAwater, but it is fair to say that neither analysis was rigorously undertaken and there is
no strong evidence to support one view over the other. To this author’s knowledge no careful
analysis of catchment rainfalls has yet been published that utilises all available data in a
manner that takes account of the topographical gradients involved.

As discussed in the preceding section and noted by WMAwater, the exceedance probability of
the rainfall event can only give a general indication of the severity of a flood event. This is
particularly the case for Brisbane River, where the spatial and temporal characteristics of the
rainfall can influence flood severity downstream of the dams in a manner that may be quite
differentiated from the causative rainfall.

Analysis of estimates of the January 2011 flood under “no-dam” conditions would suggest
that this was an event with an annual exceedance probability of around 1 in 100, but again
this does not reflect the true flood risk as it stands under current conditions.
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53. WMAwater present a flood profile on the basis of their estimate of Q100 under current
conditions at the Port Office. This flood profile is then used to make inferences regarding the
severity of the event at different locations down Brisbane River. Given that this author does
not agree with the estimate of the Q100 then it follows that the assessment of severity as
presented is also not endorsed. There are, however, a couple of additional minor points
regarding this assessment that are worth noting, as discussed below:

o WMAwater did not use the MIKE-11 model (version 2) developed by SKM as it is stated
that the model underestimates peak levels by up to 1.8 m between Jindalee and the Port
Office. It is noted that WMAwater did not have access to the SKM report that
accompanies version 2 of the model (SKM, 2011c), as this (and other) limitations of the
modelling were noted and discussed. This particular limitation did not impact on the
results reported, and thus this aspect was not refined within the timeframe available.

o It should also be noted that the maximum underestimation of water levels along this reach
is actually about half that indicated by WMAwater. The reason for this discrepancy is that
WMAwater relied upon interim flood levels referenced by the Joint Flood Taskforce
(2011), which are flagged as requiring verification. The discrepancy between these
interim values and recorded data may be discerned from the information presented in
Figure 6-6 of SKM (2011") and in Figure 6-7 of SKM (2011°). A plot illustrating model
performance against flood debris data obtained by Brisbane City Council is shown in
Figure 3. It should be noted that these debris marks provide only an approximate
indication of flood level, but that at the confluence with Oxley Creek these indicators are
consistent with recorded data.

o Finally, it the WMAwater report states that the MIKE11 model was adjusted to match the
surveyed flood levels, but no details of how this adjustment was undertaken nor the
physical basis for this adjustment is provided. It is thus not clear on what basis the
comparisons with the derived Q100 level are provided.
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Figure 3. January 2011 peak level profile versus observed debris flood marks provided

by Brisbane City Council.
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6.

54,

55.

56.

57.

Conclusions and Recommendations

The scope of the investigations addressed by WMAwater relates to some vexed issues that
have been the focus of a number of detailed investigations and independent reviews over the
past three decades. It is understood that WMAwater had limited time to undertake their
investigation, and it is appropriate that any conclusions drawn are subject to the appropriate
caveats.

On the basis of the material presented by WMAwater it is this author’s opinion that:

o the broad approach used to undertake the frequency analysis using historical flood
maxima is appropriate;

o there is reasonably strong justification for the Q100 estimate of 13000 m*/s under “no-
dam” conditions as this analysis makes use of flood behaviour observed over a 170 year
period,;

o the method used to convert the estimate of “no-dam” Q100 to current conditions is overly
simplistic and involves a somewhat circular argument that relies heavily on information
contained in a single event;

o the estimate of Q100 for current conditions is accordingly not supported; and,

o as a consequence the Q100 flood level estimates along the Brisbane River are also not
supported.

The estimate of the Q100 under current conditions is inherently more uncertain than the
estimate of Q100 under “no-dam” conditions. It is considered that the only defensible way of
estimating flood risk for current conditions is to analyse the joint probabilities in an explicit
manner using such techniques as Monte-Carlo simulation.

This author agrees with the recommendations for improving the rating relationship at the Port
Office gauge made by WMAwater, but it is recommended that higher priority be given to the
application of more rigorous (joint probability) hydrological methods that reflect current
operating procedures to allow the flood risk downstream of the dams to be characterised with
confidence.
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Spatial variation in exceedance probabilities of 48 hour rainfalls recorded in January 2011.

Reproduced from SKM (2011%)
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generally worked in areas of flood estimation, hydrological processes, regionalisation, and
catchment hydrology, he has developed specialist skills in the following areas:

Estimation of extreme hydrologic events (floods and low flows)
Characterisation of risk for dam safety

Hydrologic estimation in ungauged catchments

Regionalisation of hydrologic information

Characterisation of flow regimes for environmental flows
Modelling and simulation of hydrologic processes

Hydrologic model development and application
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= Convenor and senior author of the national guidelines for the estimation of large to
extreme floods published by the Institution of Engineers Australia.
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= Contracted by the U.S. Bureau of Reclamation to provide input to the development of
guidelines on the characterisation of hydrologic inputs for risk analysis

= Contracted by the U.S. Army Corps of Engineers to help formulate research directions to
be undertaken in the area of hydrologic risk using federal agency funding
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assessment of Hume Dam being undertaken by NSW State Water (and SMEC).

= Member of panel undertaking risk review of the Dam Safety Program for Western
Australia's South-West Irrigation Dams

= Member, Expert Review Panel for the Preliminary Risk Assessment of the portfolio of
dams owned by the Hydro-Electric Authority, Tasmania

= Member, Expert Review Panel for the Preliminary Risk Assessment of Somerset,
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= Member, Expert Review Panel for the upgrading of Rosslynne Dam owned by the
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= Project Manager consequence assessment and risk characterisation of Dartmouth Dam
(Goulburn-Murray Water)
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(DLWC, NSW)

= Variously Project Manager and Project Director for the estimation of hydrologic loads,
risk characterisation, and consequence assessment of several dams owned by Goulburn-
Murray Water (and its predecessor the Rural Water Corporation); Dartmouth, Eildon,
Cairn-Curran, Nillhacootie, Laanacoorie, Mokoan, Waranga, Buffalo, Fyans, Bellfield,
Rocklands,

= The estimation of hydrologic loads and review of spillway adequacy for many major
water storages owned by the (then) Rural Water Corporation (Eildon, Dartmouth,
Laanacoorie, Wartook, Bellfield, Fyans, Waranga, Lonsdale, Rocklands, Pine, Taylors,
Cairn-Curran, Tullaroop, Upper Coliban, Lauriston, Malmsbury, Buffalo, and Pykes
Creek).

= Responsible for event tree development and risk characterisation of hydrologic inputs to
the Preliminary Risk Assessment of all dams owned by the Snowy Mountain Hydro-
Electric Authority.

= Responsible for the derivation and characterisation of hydrologic and hydraulic inputs to
the Preliminary Risk Assessment of all dams owned by South Australia Water.

= Use of quantitative risk analysis for evaluation of floodplain development options for
AMP

= Provision of advice to ACTEW/AGL on how to best account for climatic variability in the
development of options for their future water supply options (ongoing)

= Assessment of the vulnerability to climate change and variability for the water resources
of the Fitzroy River

= Project Director for the consequence assessment of four major dams owned by the Dept.
of Land and Water Conservation, NSW (Blowering, Burrinjuck, Split Rock and Keepit)

= Project Director for the consequence assessment and risk characterisation of the Kiewa
Hydroelectric Scheme (Southern Hydro)

= Expert reviewer of extreme event hydrologic studies undertaken by Melbourne Water
(Upper Yarra and Devils Bend reservoirs)

= The estimation of hydrologic loads and review of spillway adequacy for O’Shannassy
Reservoir (Melbourne Water).
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Part 1I: Regional Characterisation”. Aus J Water Resour 9(1), 13-26

Jordan P, Nathan R., Mittiga L and Taylor B (2005): “Growth Curves and Temporal Patterns
for Application to Short Duration Extreme Events”. Aust J Water Resour 9(1), 69-80.

Lowe, L. and Nathan , R. (2005): use of similarity criteria for transposing gauged streamflows
to ungauged locations. Aus J Water Resour. 10(2): 161-170.

Hewa, G. A., Q. J. Wang, T. A. McMahon, R. J. Nathan, and M. C. Peel (2007), Generalized
extreme value distribution fitted by LH moments for low-flow frequency analysis, Water
Resour. Res., 43, W06301

Nathan, R.J. (2007): The future: A hydrological SWOT analysis. Aus J Water Resour 11(2):
133-144.

Mittiga, L., Nathan R.J., Hill, P., Weinmann, E., (2007): Treatment of correlated storage
drawdown and uncertainty in the flood hydrology for dams. Aus J Water Resour 11(2):
169-176.

Wang, QJ and Nathan, RJ (2007): A method for coupling daily and monthly time scales in
stochastic generation of rainfall series. J Hydrol 346: 122-130.

Daniel, T., Nathan, R., Chiew, F., Osti, A. (2008): Chapter 11: Low flow forecasting, in
Manual on Low Flow Estimation and Prediction. Operational Hydrology Report No. 50.
WMO-No. 1029.
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Lowe, L, Webb, JA, Nathan, RJ, Etchells, T., Malano, HM (2009): Evaporation from water
supply reservoirs: an assessment of uncertainty. J Hydrol. 376, 261-274.

Westra, S., Varley, 1., Jordan, P., Nathan, R., Ladson, A., Sharma, A, and Hill, P. (2010):
Addressing climatic non-stationarity in the assessment of flood risk. Aus J Water
Resources 14(1): 1-16.

Nathan, R. (2010): Technical leadership: a formula for success. Engineers Australia, October
2010, 64-65.

Nathan, R, and Evans, R (2011): Groundwater and Surface Water Connectivity; In Water
Resources Planning and Management, Ed R Q Grafton and K. Hussey, Cambridge
University Press 46-67.

Refereed Conference Publications

Nathan, R.J. and T.A. McMahon (1988): Application of a rainfall-runoff model using synthetic
rainfall data. The Institution of Engineers, Austra lia, National Conference Publication
No. 88/12, pp 302-306.

Jayasuriya, L.N.N., 1.C. O'Niell, T.A. McMahon, and R.J. Nathan (1988): Parameter
uncertainty in rainfall-runoff modelling. The Institution of Engineers, Australia, National
Conference Publication No. 88/12, pp 292-296.

McMahon, T.A., R.J. Nathan, B.L. Finlayson, and A.T. Haines (1988): Reservoir system
performance and climatic change. In: G.C. Dandy and A.R. Simpson (Eds.) Proc. of the
National Workshop on Planning and M anagement of Water Resource Systems. Risk and
Reliability, Aust. Water R esources Council Conf. Series No. 17 (AGPS, Canberra), pp
106-123.

Nathan, R.J., K.C. Gan, N. Jayasuriya, T.A. McMahon, and I.C. O'Neill (1988): Preliminary
analyses of low flow characteristics of ungauged catchments. Proc. International Seminar
on Hydrology of Extremes (Floods and Low Flows), Rorkee, India, pp 315 - 330.

Nathan, R.J. and T.A. McMahon (1989): Evaluation of baseflow and recession analyses. The
Institution of Engineers, Australia, National Conference Publication No. 89/19, pp 38 -
42.

Nathan, R.J., G.A. Adams, and T.A. McMahon (1989): A case study of multi-site data
generation applied to long term lake simulation. The Institution of Engineers, Australia,
National Conference Publication No. 89/19, pp 48 - 52.

Nathan, R.J. and T.A. McMahon (1990). Validation of the fixed parameters of the SFB model.
Instit. of Engin. Aust. Conf. on Agric. Eng.. 279 - 283.

Loh, M., I.C. O'Neill, T.A. McMahon, R.J. Nathan, and H.R.Graze (1990): Determining the
long term operating policies of a reservoir system using the computer program HEC-5.
Instit. of Engin. Aust. Conf. on Agric. Eng.: 261 - 265.

Nathan, R.J. and T.A. McMahon (1991): Overview of a systems approach to the prediction of
low flow characteristics in ungauged catchments. International Hydrology and W ater
resources Symposium 1991, Perth, 2-4 October 1991 Volume 1. Institution of Engineers
National Conference Publication No. 91/19: 187-192.

Nathan, R.J. and P.E Weinmann (1991): Application of at-site regional flood frequency
analyses. International H ydrology and Water R esources Symposium 1991, Perth, 2-4
October 1991 Volume 3. Institution of Engineers National Conference Publication NO.
91/19: 769-774.

Dyer, B., R.J. Nathan, T.A. McMahon, and 1.C. O'Neill (1992): Regional relationships for the
RORB model: a need for understanding. Conference on Engineering in Agriculture
Albury: 79-83.
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Mudgway, L., R.J. Nathan, T.A. McMahon, and H.M. Malano (1992): Data requirements and
modelling strategy for application of the SHE model to an irrigation area. Conference on
Engineering in Agriculture, Albury: 27-32.

Grayson, R.B. and Nathan, R.J. (1993): On the role of physically based models in engineering
hydrology. Watercomp, I.E.Aust. National Conf. Publ. No. 93/2, 45-50.

Nathan, R.J. (1993): A lumped conceptual model for the prediction of regional salt loads from
irrigated catchments.  Engineering f or Hydrology and Water Resources  Conference,
Newcastle., I.LE. Aust. National Conf. Publ. No. 93/14, 451-456.

Nathan, R.J. (1993): On the assessment of hydrologic similarity for the transposition of
hydrologic indices. Engineering for Hydrology and Water Resources Conference,
Newcastle., I.LE. Aust. National Conf. Publ. No. 93/14, 93-98.

Dyer B., Nathan R.J., McMahon T.A., and O'Neill I.C. (1993): Towards regionalisation of the
RORB parameters. Engineering for Hydrology and Water Resources Conference,
Newcastle., I.LE. Aust. National Conf. Publ. No. 93/14, 133-139.

Nathan, R.J., Weinmann, P.E., and Gato, S (1994): A quick method for estimation of the
probable maximum flood in southe-east Australia. International Hydrology and W ater
Resources Symposium: Water Down Under, No vember, Adelaide, I.E. Aust. Natl. Conf.
Publ. No. 194, 229-234.

Jayasuriya, L.N.N., McMahon, T.A., O’Neill, I1.C., Nathan, R.J. (1994): A methodology for
estimating streamflow yield from small rural ungauged catchments. International
Hydrology and Water Resources S ymposium: Water Down Under, November, Adelaide,
LE. Aust. Natl. Conf. Publ. No. /94, 33-38.

Dyer, B., Nathan, R. McMahon, T.A., and O’Neill, I.C. (1994): An overview of some research
into the RORB model. International Hydrology and Water Resources Symposium: Water
Down Under, November, Adelaide, I.E. Aust. Natl. Conf. Publ. No. /94, 457-460.

Mudgway, L.B., Nathan, R.J., McMahon, T.A., Malano, H.M. (1994): Application of the SHE
model to an area subject to saline groundwater discharge. International Hydrology and
Water Resources Symposium.: Water Down Under, November, A delaide, I.E. Aust. Natl.
Conf. Publ. No. 194, 591-594.

Weinmann, P.E. and Nathan, R.J. (1994): Assessing spillway adequacy - a continuing
challenge for hydrologists. International Hydrology and Water Resources Symposium:
Water Down Under, November, Adelaide, L.E. Aust. Natl. Conf. Publ. No. 194, 271-277.

McConachy, F.L.N., Weinmann, P.E.W., Nathan, R., and Mein, R. (1996): Estimation of
extreme rainfalls for Victoria using Schaefer’s method, 23" Hydrology and Water
Resources Symposium: Hobart Tasmania, May 1996, 701-702.

Nathan, R.J. and Erlanger, P.D. (1996): Development of a drought forecasting procedure to aid
water supply management, 23" Hydrology and Water Resources Symposium: Hobart
Tasmania, May 1996, 615-621.

Walker, G., 1. Jolly, Morton, R., Robinson, G., Jones, H., Nathan, R., Nandakumar, N., Clarke,
R., McNeil, V. (1997): Estimation of Historical Trends in Stream salinity for various
catchments of the Murray-Darling Basin. Murray-Darling Basin Workshop ‘97,
Toowoomba, 125-129b.

Nathan, R.J. and Bowles, D.S. (1997): A probability-neutral approach to the estimation of
design snowmelt floods. Hydrology and Water Resources Symposium.: Wai-Whenua,
November 1997, Auckland, 125-130.

McConachy, F.L.N., Weinmann, P.E.W., Nathan, R., and Mein, R. (1997): Confidence limits
for rainfall frequency curves in the extreme rainfall range, Hydrology and Water
Resources Symposium: Wai-Whenua, November, 1997, Auckland, 333-338.
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Beverly, C.R., Nathan, R.J., Malafant, K.W.J., Fordham, D.P. (1997): Development of a
simplified unsaturated module for inclusion in the US Geological Survey three-
dimensional finite difference groundwater model MODFLOW, Proceedings, MODSIM,
International Congress on Modelling and Simulation, Hobart Tasmania, December 1997.
288-293.

Bailey, M.A., Connell, L.D., Nathan, R.J. (1997): Using Reliability Methods to Estimate the
Prediction Uncertainty of a catchment hydrological model, Proceedings, MODSIM,
International Congress on Modelling and Simulation, Hobart Tasmania, December 1997.
1641-1645.

Donald, A., Nathan, R.J. and Reed, J. (1999): Use of spell analysis as a practical tool to link
ecological needs with hydrological characteristics. In Rutherford, 1. and Bartley, R. (eds)
Proc. Second Australian Stream Management Conference, Vol. 1, Adelaide, 205-210.

Hoang, T., Rahman, A., Weinmann, P.E., Laurenson, E. and Nathan, R. (1999): Joint
probability description of design rainfalls. Water 99 Joint Congress, Brisbane, Australia,
Institution of Engineers (ISBN 185 825 7165), 379-384.

Hill, P., Nathan, R.J., Weinmann, P.E., Green, J, and Karunaratne, T. (1999): Impact of the
revised flood guidelines on the assessment of hydrologic risk for selected catchments.
Water 99 Joint Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825
7165), 277-283.

Nathan, R.J., Crowe, P., Hill, P. and Green, J. (1999): A quick method for estimating Probable
Maximum Precipitation in the tropical and south-east regions of Australia. Water 99 Joint
Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825 7165), 703-708.

Nathan, R.J., Nandakumar, N., and Smith, W. (1999): On the application of Generalised
Additive Models to the detection of trends in hydrologic time series data. Water 99 Joint
Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825 7165), 165-172.

Schreider, S. Yu., Letcher, R.A., Neal, B.P., Beavis, S. Jakeman, A.J. and Nathan, R.J. (1999):
Estimation of farm dam impacts on streamflow for the Yass catchment, Murrumbidgee
Basins. Proceedings 2" International Conference on Multiple Objective Decision Support
Systems for Land, Water, and Environmental Management (MODSS99), 1-6 August
1999, Brishane Australia.

Wang, Q.J., Nathan, R.J. Moran, R.J., and James, B. (1999): Impact of climate change on the
security of water supply of the Campaspe System. Water 99 Joint Congress, Brisbane,
Australia, Institution of Engineers (ISBN 185 825 7165), 135-146.

Weinmann, P.E., Nandakumar, N., Siriwardena L., Mein, R.G. and Nathan, R. (1999):
Estimation of Rare design rainfalls for Victoria using the CRC-FORGE methodology.
Water 99 Joint Congress, Brisbane, Australia, Institution of Engineers (ISBN 185 825
7165), 284-289.

Nathan R, B. Neal, W. Smith, and N. Fleming (2000): The impact of farm dams on
streamflows in the Marne River Catchment. Xth World Water Congress, Melbourne 2000,
Paper# 288.

Crowe P, Nathan, R.J., Hill, P.I. (2000): Development of prediction equations for estimating
catchment yield from farm dams. Xth World Water Congress, Melbourne 2000, Paper#
285.

Nathan R, Hill, P.1., Nandakumar, N., Croke, J., Hairsine, P., Vertessy, R., Cornish, P. (2000):
Assessment of the impact of forest logging on water quantity and quality. Xth World
Water Congress, Melbourne 2000, Paper# 289.

Nandakumar, N. Weinmann, P.E., Mein, R.G., and Nathan, R.J. (2000): Estimation of Spatial
dependence for the CRC-FORGE method. Proc., Hydro 2000, 3" International Hydrology
and Water Resources Symposium, IE Aust, pp 553-563.
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Weinmann, P.E., Rahman, A., Hoang, T.M., Laurenson, E.M. and Nathan, R.J. (2000): Monte
Carlo Simulation of flood frequency curves. Proc., Hydro 2000, 3" International
Hydrology and Water Resources Symposium, IE Aust, pp 564-5609.

Neal, B.P., Shephard, P., Austin, K.A., and Nathan, R.J. (2000): The Effect of Catchment
Farm Dams on Streamflows — Victorian Case Studies. Proc., Hydro 2000, 3" International
Hydrology and Water Resources Symposium, IE Aust, pp 836-841.

Nathan, R.J., Rahman, A., Bagg, S., and Green, J.H. (2000): An Objective procedure for
identifying regions of low flow homogeneity for the specification of environmental flows.
Proc., Hydro 2000, 3" International Hydrology and Water Resources Symposium, IE
Aust, pp 935-940.

Daamen, C., Hill, P.I., Munday, S., Nathan, R., and Cornish, P. (2001): Assessment of the
impact of forest logging on water quantity in the Otway Ranges. In Ghassemi et al (eds.)
Proc Intern Congress on Modelling and Simulation (MODSIM 2001), Australian National
University, December 2001, 443-448.

Munday, S., Nathan, R., Daamen, C., and Cornish, P. (2001): Development and application of
an operational model to assess the impact of plantation forestry on water yields. In
Ghassemi et al (eds.) Proceedings of the International Congress on Modelling and
Simulation (MODSIM 2001), Australian National University, December 2001, 449-454

Nathan, R.J., P.I. Hill, P.1., and Griffith, H. (2001): Risk implications of the PMF and the PMP
Design Flood. Proceedings ANCOLD conference, Auckland, New Zealand.

Hill, P.I. D.S. Bowles, R.J. Nathan, R. Herweynen (2001): On the art of event tree modelling
for portfolio risk analyses. Proceedings ANCOLD conference, Auckland, New Zealand.

Zou, S., Srikanthan, R., McMahon T.A., Wang, Q.J. and Nathan, R.J. (2002): Stochastic
modelling of daily rainfall. Proc., 27" Hydrology and Water Resources Symposium,
I.E.Aust, ISBN 0858257785.

Green, J., Weinmann, E., Laurenson, E., Nathan, R., Kuczera (2002): Estimation of storm
arrival probabilities in the GSAM Inland Zone — storm data evaluation. Proc., 27"
Hydrology and Water Resources Symposium, I.E.Aust, ISBN 0858257785.

Wang, Q.J. and Nathan, R.J. (2002): A daily and monthly mixed algorithm for stochastic
generation of rainfall time series. Proc., 27" Hydrology and Water Resources Symposium,
I.E.Aust, ISBN 0858257785.

Fleming, N. Nathan, R. Chiew, F., McMahon, T.A., Hughes, R. (2002): Forecasting
streamflow and water demand to improve the efficiency of water supply in South
Australia. Proc., 27" Hydrology and Water Resources Symposium, I.E.Aust, Melbourne,
ISBN 0858257785.

Neal, B., Nathan, R., and Green, J. (2002): The effects of farm dams on streamflows in
ungauged catchments in the Hawkesbury Nepean basin. Proc., 27" Hydrology and Water
Resources Symposium, 1.E.Aust, Melbourne, ISBN 0858257785.

Nathan, R.J., Weinmann, P.E., and Hill, P.I. (2002): Use of a Monte-Carlo framework to
characterise hydrologic risk. Proc., ANCOLD conference on dams, Adelaide, 2002.

Green, J.H., Weinmann, P.E., Laurenson, E.M., Kuczera, G.A., and Nathan, R.J. (2002):
Probabilities of extreme rainfalls — past, present and future. Proc., ANCOLD conference
on dams, Adelaide, 2002.

Green, J., Walland, D., Nandakumar, N., Nathan, R. (2003) Temporal Patterns for the
Derivation of PMPDF and PMF Estimates in the GTSM Region of Australia, Proc. 28th
Int. Hydrology and Water Res. Symp, Wollongong, pp 1.97-1.104.

Nathan, R., Weinmann, E., Hill, P. (2003) Use of Monte Carlo Simulation to Estimate the
Expected Probability of Large to Extreme Floods, proc. 28th Int. Hydrology and Water
Res. Symp., Wollongong, pp 1.105-1.112.
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Hewa, G.A., McMahon, T.A., Peel, M.C., Nathan, R.J. (2003) Identification of the Most
Appropriate Regression Procedure to Regionalise Extreme Low Flows, proc. 28th Int.
Hydrology and Water Res. Symp, Wollongong, pp 1.181-1.188.

Voorwinde, L., Nathan, R., Hansen, B. (2003) Estimation of the Sustainable Winter Diversions
in Ungauged Victorian Catchments, Proc. 28th Int. Hydrology and Water Res. Symp,
Wollongong, pp 2.81-2.88.

Daamen, C., Clifton, C., Hill, P., Nathan, R., Ryan, H. (2003) Modelling the Impact of Land
Use Change on Regional Hydrology, proc. 28th Int. Hydrology and Water Res. Symp,
Wollongong, pp 2.169-2.183.

Mannix, A.E., Nathan, R.J., Hill, P.I., Cook, D.M. (2003) Application of Quantitative Risk
Analysis to Floodplain Management, proc. 28th Int. Hydrology and Water Res. Symp,
Wollongong, pp 3.195-3.202.

Jordan, P., Nathan, R., Mittiga, L., Pearse, M. and Taylor, B. (2003): Rainfall depths and
temporal patterns for short duration extreme events. Proc. 43 ANCOLD Conference on
Dams, Hobart, Tasmania, 192-200.

Hill, P., Bowles, D., Jordan, P. and Nathan, R. (2003): Estimating the overall risk of dam
failure, practical considerations in combining failure probabilities. Proc. ANCOLD Risk
Workshop, Launceston, 2003.

Neal B.P, R.J. Nathan, R.Evans (2004) Survey of Baseflows in Unregulated Streams of the
Murray-Darling Basin. 9th Murray-Darling Basin Groundwater Workshop, 17-19 Feb
2004, Bendigo, Victoria.

Weinmann, P.E. and Nathan, R.J. (2004). The continuing challenge of estimating extreme
floods from extreme design storms. Advances in Hydro-Science and Engineering, Volume
VI, Proc. of the 6th Intern. Conf. on Hydro-Science and Engineering, Brisbane May 31 —
June 3, 2004 (on CD-ROM).

Nathan, R.J. and Weinmann, P.E. (2004): An improved framework for the characterisation of
extreme floods and for the assessment of dam safety. Hydrology: Science & Practice for
the 21°' Century, Vol 1. Proc. British Hydrol. Soc., London, 186-193.

Treadwell, S.A., Shirley, M., Nathan, R.J., and Swingler, K. (2004): Modelling the response of
native fish to altered habitat, fl;ow and temperature downstream of large dams. Proc.
ANCOLD/NZSOLD Conf, 14-17 Nov 2004.

Nathan, R.J. and Weinmann, P.E. (2004): Towards increasing objectivity in the Probable
Maximum Flood. Proc. ANCOLD/NZSOLD Conf, 14-17 Nov 2004.

Hewa, G.A., McMahon, T.A., Peel, M.C., Wang, Q.J., Nathan, R.J. (2005): Dealing with zero-
low quantiles in developing regional regression models. Proc. 29th Hydrol. & Water
Resour. Symp., 20-23 Feb 2005, Canberra (ISBN 085 825 8439).

Lowe, L., Nathan, R. (2005): A robust procedure for transposing gauged streamflows to
ungauged catchments. Proc. 29th Hydrol. & Water Resour. Symp., 20-23 Feb 2005,
Canberra (ISBN 085 825 8439).

Nathan, R., Lowe, L., Morden, R., Lett, R., Griffith, H. (2005): Developments in techniques
for the assessment of farm dam impacts on streamflows. Proc. 29th Hydrol. & Water
Resour. Symp., 20-23 Feb, 2005, Canberra (ISBN 085 825 8439).

Hill, P., Sih, K., Nathan, R., Jordan, P (2005): The Extremes of Tropical Hydrology Proc.
Ancold 2005 Conference, Perth.

Marsden, J.S., Jacob, P.H., Nathan, R.J., Davidson, R.A., McDonald, L.A. (2005): Dam
Safety, Risk and Cost-Sharing: Review of the Dam Safety Program for Western
Australia's South-West Irrigation Dams Proc. Ancold 2005 Conference, Perth.

Marsden, J.S., Jacob, P.H., Nathan, R.J., McDonald, L.A. (2005): Risk Management - Public
Policy vs Corporate Liability Proc. Ancold 2005 Conference, Perth.
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Green, J.H., Nathan R.J., Nandakumar N. (2006): - Characterising non-linearity for the
estimation of large to extreme floods. 30" Hydrology & Water Resources Symposium,
Launceston.

Jordan, P., Argent, R.M., Nathan, R.J. (2006): - Past, present and future of catchment
modelling in E2 and the eWater CRC Modelling Toolkit. 30" Hydrology & Water
Resources Symposium, Launceston.

Mittiga, L., Nathan R.J., Hill, P., Weinmann, E., (2006) — Treatment of correlated storage
drawdown and uncertainty in the flood hydrology for dams. 30" Hydrology & Water
Resources Symposium, Launceston.

Murphy, R., Neal, B., Nathan R.J., Evans, R., Helm L. (2006): — Non-climatic temporal trend
in baseflow in areas of high groundwater use. 30" Hydrology & Water Resources
Symposium, Launceston.

Nathan, R.J., Mein, R., Weinmann, E. (2006) — RORB Version 5: A tool to move beyond
ARR87. 30" Hydrology & Water Resources Symposium, Launceston.

Lowe, L., Etchells, T., Nathan R.J., Potter, B., Malano, H. (2006) - Robust water accounting:
What is it? 30" Hydrology & Water Resources Symposium, Launceston.

Nathan, R.J., (2006) The Future. Keynote address, 30" Hydrology & Water Resources
Symposium, Launceston.

Hill, P.1., Nathan, R.J., Jordan, P.W. (2006) Development and Application of a Risk Analysis
and Prioritisation Tool (RAPT) for Dam Safety Management. 2006 ANCOLD
Conference on Dams. Sydney November 2006

Hewa GA, Wang QJ, Peel MC, McMahon TA & Nathan RJ (2007): How significant is the bias
in low flow quantiles estimated by L- and LH-moments? In Oxley, L. and Kulasiri, D.
(eds) MODSIM 2007 International Congress on Modelling and Simulation. Modelling
and Simulation Society of Australia and New Zealand, December 2007, pp. 2500-2505.
ISBN : 978-0-9758400-4-7.

Marsden, J.S., Macdonald, L, Bowles, D, Davidson, R., Nathan, R.J. (2007): Dam safety,
economic regulation and society’s need to prioritise health and safety expenditures Proc.
ANCOLD 2007 Conference, Manly.

Hill, P.1., Mordue, A. Nathan, R.J., Daamen, C.C., William, K., Murphy, R.E. (2008):
Modelling the Hydrologic Response of Bushfires at the Catchment Scale. Water Down
Under 2008 (incorporating 31st Engineers Australia Hydrology and Water Resources
Symposium). pp1472-1480.

Jordan, P.W., Wiesenfeld, C.R., Hill, P.l., Morden, R.A., Chiew F.H.S. (2008): An assessment
of the future impact of farm dams on runoff in the Murray Darling Basin, Australia. Water
Down Under 2008 (incorporating 31st Engineers Australia Hydrology and Water
Resources Symposium). pp 1618-1629.

Sih, K., Hill, P.1., Nathan, R.J., (2008): Evaluation of simple approaches to incorporating
variability in design temporal patterns. Water Down Under 2008 (incorporating 31st
Engineers Australia Hydrology and Water Resources Symposium), pp1049 -1059.

Murphy R., B. Neal, R. Morden, R. Nathan, R Evans Basejumper (2008): A Tool for
Analysing Time Trends in Baseflow. Water Down Under 2008 (incorporating 31st
Engineers Australia Hydrology and Water Resources Symposium), pp 2741-2746.

Lowe L. and R. J.Nathan (2008): Consideration of Uncertainty in the Estimation of Farm Dam
Impacts. Water Down Under 2008 (incorporating 31st Engineers Australia Hydrology and
Water Resources Symposium), pp 2711 - 2722.

Lang, S, P.W. Jordan, J. Durrant, R.J. Nathan. Defining Sustainable Diversion Limits in
Unregulated South-West Western Australian Catchments. Water Down Under 2008
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(incorporating 31st Engineers Australia Hydrology and Water Resources Symposium),
145 - 156.

Stephens, D., Neal, B., Tarquinio, F., Nathan, R., Rajaratnam, L. (2008): Prediction of
Hydrologic Characteristics of Ungauged Tropical Catchments. Water Down Under 2008
(incorporating 31st Engineers Australia Hydrology and Water Resources Symposium),
894-905.

Ramchurn A., B. Neal, A.S. Kiem, R.J. Nathan, W.R.Hansen (2008): Yield Modelling for
Climate Step-Change in South East Australia: Approaches and Risks. Water Down Under
2008 (incorporating 31st Engineers Australia Hydrology and Water Resources
Symposium), 1451 -1462.

Lowe, L., M. Vardon, T. Etchells, H. Malano and R. Nathan (2009). Estimating unmetered
stock and domestic water use. In Anderssen, R.S., R.D. Braddock and L.T.H. Newham
(eds) 18th World IMACS Congress and MODSIMO09 International Congress on
Modelling and Simulation. Modelling and Simulation Society of Australia and New
Zealand and International Association for Mathematics and Computers in Simulation,
July 2009, pp. 2377-2383. ISBN: 978-0-9758400-7-8.

Lowe, L., T.Etchells, H.Malano, R.Nathan and B. Potter (2009). Addressing uncertainties in
water accounting. In Anderssen, R.S., R.D. Braddock and L.T.H. Newham (eds) 18th
World IMACS Congress and MODSIMOQ9 International Congress on Modelling and
Simulation. Modelling and Simulation Society of Australia and New Zealand and
International Association for Mathematics and Computers in Simulation, July 2009, pp.
2377-2383. ISBN: 978-0-9758400-7-8.

Lowe, L., Etchells, T., Nathan, R., Potter, B., Malano, H. (2009). Making the most of data: The
use of data reconciliation to improve a reservoir water balance. Proc. 32nd Hydrology and
Water Resources Symposium, Nov-Dec 2009, Newcastle, Australia. ISBN 978-
08258259461.

Fowler, K., Hill, P.1., Jordan, P.W., Nathan, R.J., Sih, K. (2010) Application of Available
Climate Science to Assess the Impact of Climate Change on Spillway Adequacy.
ANCOLD 2010 Conference on Dams. Hobart.

Fowler, K., Jordan, P.W., Hill, P.1., Nathan, R.J., Sih, K. (2010) A framework for
incorporating available climate Science in Extreme Flood Estimates. Practical Response
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