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Executive Summary

Introduction .
One objective of the Ipswich Rivers Flood Study Rationalisation Project (IRFSRP) Is to
resolve a number of anomafies which have arisen between estimated flood flows and
flood levels in the Lower Brisbane River and the Bremer River catchment in studies
undertaken in recent years by Inswich City Council (1CC) and Brisbane City Councit
(BCC), in order o facilitate the preparation of new flood maps.,

The IRFSRP s being conducted in parafiel with the Brishane Valley Flood Damage
Minimisation Study (BVFDMS) which is being undertaken by BCC in conjunction with
other Local Authorities in the catchment including ICC.  One of the objectives of the
latter Is the development of a common methodology for collation of data and damage
assessment across the Brisbane River catchment:

These two projects are being undertaken in a collaborative framework both to enstire
the commonalily goal Is achleved and to ensure there Is rio duplication of effort.

One of the outstanding issues that fs belng investigated as part of the IRFSRP is the
catchment hydrelogy, in particular the definftion of design flows as estimated using
the RAFTS model which has previously been established for studies for both ICc and
BCC. The provision of the most recent RAFTS model input files and data fles by BOC
Is gratefully acknowledged,

The Independent Review Panel (Meln el al 2003) recommended that Monte Carlo
methodology be used to simulate the possible combinations of storm femporal and
spatial pattemns and could also include variation of loss rates and reservoir drawdown.

A fulf Monte Carlo analysis would comprise running a large number of lrlals (Gypically
in the order of tens of thousands} in order to adequately describe the distribution of
the dependant variable, in this case flood peak magnitude,

Typically, applications of the Monte Carfo simulation process to ralffall — runoff
modeling have used a simplified transfer function so that the sample trlals could pe
automated and a large number of tials undertaken, However, due to the complexity
of the RAFTS model and its data Input reguirements, it is not possible to automate
the process in this case and manus! editing of the data files fs required for each
model run.  As significant time Is required to conduct each mode! run, there are time
and budgel constraints on the number of tials which couild be conducted,

As the curent Brisbanc/Bremer River RAFTS mode! has been developed at
considerable expense and has been widely used by both ICC and BCC as the basis of
flood event modelling for some time, there Is no incentive to change the modelling
pPlatform at this tme, : ‘

Taking these constraints into account, the Monte Carlo moedelling undertaken for this
study was Himited to exploring the variation in estimation of peak 100 year ART flows
resulling from variations In a mited number of model inputs in order to provide
further Insight into this variabifty and to reduce the uncertalmly in the Qq, Fow
estirnates,
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Background :

Detafied flood studies have been undertaken for the Brisbane and Bremer River
calchments such that flood extent mapping for a range of flood frequendies are
available.

However, since delalled flood studies for the urban areas of Jpswich were completed
in 2000 (Sinclair Knight Merz) and for the rural areas in 2002 (Halliburton KBR), there
have been a number of developments relating to flood studies in the Brisbane River
which have resulted in the current flood studies and the corresponding flood extent
maps no longer being compatible with those for Brisbane Clty.

Resolution of these inmmpaﬂ‘bﬂitrbs is required urgently by ICC so that:

& The flood overlay in the Ipswich Planning Scheme can be confirmed or updated;
and

& The current development of emergency response flood mapping Is not
compromised,

Summary of Recent Estimates of Design Flows

The most recent estimates of design flows for the Lower Brisbane River are contained
in the reports by SKM (2003) and Mein et af (2003) which are summarised below.

SKM (2003) presented a comprehensive investigation of flood frequency analyses for
peak instantaneous flow In the Brisbane River at Savages crossing, under both
natural (i.e. pre-dam construction) and current (post-dam construction) scenarios.

Based on consideration of analysis of a number of datasels Including a regional flood
frequency analysls, SKM (2003) concluded that the “best” or “most plausible”
estimate of the 100 year ARI (Quun) peak flow af Savages Crossing for the pre-dam
scenatio was 12,000n7 /s within a likely range from 10,000n7/s to 14,000n7/5.

SKM (2003) aiso presented revised hydrologic modelling restufts using the RAFTS
model (developed for both BCC and ICC flood studies) using the CRC-FORGE datasats
and also alfowing for possible variations on both temporal and spatial patteins of
storm rainfalls.  This analysis resulfted in a median estimated peak Qigo flood flow af
Savages Crossing for the pre-dam scenario of 9,600n7 /s within a likely range of
8,000n7/s fo 11,500n7/5.

SKM (2003) aiso estimated peak flows in the post-dam scenario using the RAFIS
model results combined with dam operations models for Somerset and Wivenhoe
Dams (DNRM 2003), together with runs of the MIKE 11 model and estimated that the
"hest estimate” of Qo peak flow In the Brishane River at the Port Office /s
6,500n7 /s within a ikely range of 5,000n7/s to 8,000m’/s. The corresponding best
estimate at Savages Crossing was 5,500nT°/s.

The Independent Review Panel commissioned by BCC (Mein et al 2003) endorsed
SKM’s "best estimate” of the pre-dam peak Qe flood flows at Savages Crossing of
12.000r7 /s (within a likely range from 10,000mP/s to 14,000n7/s) based on fiood
frequency analysis. Meln et al (2003) considered that the RAFTS modeliing estimates
of about 10,000n7° /5 (within a likely range of 8,000nT/s to 11,500m/s) to be low.

vi
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Mein et af (2003) consldered that the most plausible estimate of the post-dams Qo0
peak flow In the Brisbane River at Savages Crossing 1o be 6,000n7°/s (vithin a likely
range of 4,000rm’/s to 8,000m7/s} and at the Port Office 6,000n7'/s (within a likely
range of 5000r7/5 to 7,000mP/s).

Meirt et af (2003) made & ntmber of recommendations fiduding:

< LUsing Monte Carlo methodology to simulate the possible combination of storm
femporal and spatial patterns on peak flows together with rainfall losses and
reservoir levels;

“ The RAFTS model calibration be revisited with a view to reducing the variance
between design flow estimates produced ffom the model and those oblained
from flood frequercy analysls; and

% Frequency analysis of flood volumes be carried out, and compared with runoff
volumes predicted by the RAFTS model from design raﬁvﬁlls_ of corresponding

frequency.

Scope of Monte Carlo Analysis
The Monte Carlo analysis component of the IRFSRP described in this report has
comprised:

»  Reviewing the RAFTS hydrofogic modef with CRC-FORGE design rainfall inﬁuts,'

& Using the RAFTS model to undertake stochastic modeling (Monte Carlo
simuiation) to account for probability distributions of the model assumptions and
combinations of spatial and temporal rainfall distributions to better define design
flow hydrographs and to quantify the uncertainty therelr;

< Comparison of hydrologic mode! design flows from the above with those from
direct flood frequency analysis to determine the extent to which this resolves the
inconsistency arising from SKM (2003);

“ In the event that this inconsistency were not satisfactonly resolved by the above,
undertake a frequency analysis of flood volumes as a further ald in this regatd;

< Re-estimation of 100 year ARI design flows at key Jocations throughout the
cafchments on the basis of the new analysis; and

< Reporting on the work undertaken,

Preliminary RAFTS Model Runs
Frior to undertaking the Monte Carlo analysis it was necessaty fo re-estabiish and
review the RAFTS model,

Review of Existing RAFTS Model

BCC provided RAFTS input flles and datz fifes from the SKM (2003) study for use in
the current study. However, these model and data files were heomplete for the 100
year ARI which Is the focus of inferest of the current study. A number of actions
were taken to overcome these shortcomings, as outlined befow:

il
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[ The RAFTS Input file for the whole catchment in its "pre-dams” configuration
was copled from that provided from the Ipswich Rivers Flood Study Phase 2
(SKM 2000) and updated from RAFTS version 5.0 to the current version, viz.
RAFTS 2000;

i The spatial rainfall distribution provided in spreadsheet form was checked for
CRC-FORGE design rainfalls for 100 Year ARI for 24, 48 and 72 hours using
the oniginal values of CRC-FORGE rainfalls proved by DNRM (Ruffini J. 2004)
and using thematic mapping in Mapinfo to eslimate mean ralnfalls for each
sub area in the RAETS model, This check was salisfactory, confirming the
valldity of the rainfalls in the spreadsheet;

. The ralnfzll fles for the RAFTS model were re-established on the basis of the
sub-area ralnfalls outlined above; and

I, Initial check runs of the RAFTS model were then made for a range of storm
durations based on the CRC-FORGE spatial variation, using temporal patterns
From Australian Rainfall & Runoff (ARR), and with the same loss parameters
used by SKM (2003) .e. inftlal foss of 10mm and continting foss of Immyhr.

However, these runs produced significantly different peak flows from those presented
in SKM (2003) for all storm durations except 72 hours, with the Righest differences at
30 and 36 hour durations (up to 56%,). These values are shown in Table ES1.

JF should alse be noted that the RAFTS model peak flows in the current study are
more consistent with the Independent Review Panels best estimate of 12, 000n7/s
within a Wkely range of 10,000 — 14,000m’/5.

The model runs for the current studv also put the critical storm duration at 30 hours
for all of the main Brisbane River locations, whereas in the previous analysis 72 hours
was the critical duration at Moggilf and the Port Office.

The reasons for these differences were briefly investigated and two reasons for the
differences identified, namely: '

& Differences in sub area rainfafls; and
& Sensitivity to model conceplual storages.

Afthough the 100 year ARI rainfall Input files for RAFTS were not available from BCC,

the outout files were provided and these confirmed that the effective ralnfalis on the

sub areas (l.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, 50
Jt was concluded that the input rainfails were less than those provided in the CRC-
FORGE spreadsheet.  This was confirmed by comparison of effective rainfalls on a
smafl number of sub areas,

The rainfalls used in the current study were double checked and found to be correct,
and the analysis continued on this basis.

il
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Table ES1  Comparison of RAFTS Model Peak Flow Estimates

.| :Peak Flows (nf’ /s) for Storm Durations of ... -
(24 Hrs | 30 Hrs | 36 Hrs | 48 Hrs | 72 Hrs -

a) Values from SKM
(2003) Yable 4-2
Savages Crossing 8387 2,607 8379 8.626 9192

Mogati 7607 9015 | 7588 | 8004 | 10101
Brishana Port 5608 apis 7,589 & 005 10.106
Offfce

&) Current Study
Savages Crossing | 9700 | 13,140 | 11,400 | 9700 | g100

Mogailf 8600 12600 | 11,800 | 10000 | 10200
Brisbane Port 8,600 12,600 | 15,800 | 10,000 | 10200
Office

Difference betweerr
b)anda) %%
Savages Crossing +16% +37% +36% +12% +9%
Mogagil! +13% +40% +56% +25% +1%
Brisbane Fort +13% +40% +56% +25% +1%
Office

NOTE: Gritical duration values shown In bold tvype

Basls of the Monte Carlo Analysis

The Independent Review Panel (Mein et al 2003) recommended that Monte Carlo
methodolegy be used to simulate the possible combinations of storm temporal and
spalial patterns and could also Include variation of foss rates and reservoir drawdown,

A full Mante Carlo analysis wowld comprise rupning a large number of Higls (hlcally
in the order of tens of thousands) in order fo adequately describe the distribution of
the dependant varlable, in this case Rood peak magnitude,

FPrevious applications of the Monte Carlo simulation process to rainfall ~ runoff
modelling have used simple models so that the sample trials could be automated and
a large number of trials undertaken. However, due to the complexity of the RAFTS
model and its data Input requirements, it Is not possible to automate the process in
this case and manual editing of the data flles is reguired for each model run, As
significant time Is required lo conduct each model run, there are time and budget
constraints on the number of trials which cotdd be conducted,

In order to limit the model runs to a practical number a simplified procedure was
adopled which required a number of assumplions, described in detall In the body of
the report,  Whilst imiting the overall generality of the model resufts, these
assumptions were simiiar to those adopted In the most recent studies alfowing a valid
glrect cornpatison of restilts to be made.

ix
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Monte Carlo Analysis Methodolagy

Monte Carlo trials for each of the selected veriables were undertaken using the risk
analysis and simulation add-in program for MS Excel cafled @RISK (Version 4.5)
(Palisade Corp. 2002).

The simulation was set up fo sample a sequence of trials of each of the selected
variables, Le. storm duration, storm spatial distribution, storm temporal pattern,
initial loss, starting storage in Somerset Dam and starting storage In Wivenfioe Dam.

It was found that 100 trials were sufficient to define the mean outputs for the pre-
dam scenatie such that vaeriations in the running means were no more than 0.3%.
This was considered to be satisfactory. A further 60 trials were added for the post-
daim scenarnios.

For each trial for the pre-dam scenario & RAFTS model file was prepared, the modef
rur, and the peak flows at a number of key points extracted from the model oulput.

For the post-dam scenarios, the Wivenhoe storage operation mode! (DNRM)} was rin
with starting levels from the @RISK simulations and input lydrographs to Somerset
and Wivenhoe Dams from the corresponding RAFTS model run.  This produced the
corresponding Wivenhoe Dam oulput hydrograph. The RAFIS generaled
hydrographs to Wivenhoe were then replaced with the Wivenhoe Dam output
hydrograph for each irial from the dam operations program and the modifled RAFTS
model was re-run to produce the post-dams scenarlo flows.

The results were stubsequently analysed and compared with bolth the deterrministic
model runs undertaken for this study and with results from previous studies, These
oufcomes are summarised in Table ES2 and ES3, with more delailed results and
discussion thereof being given in the body of the report. '

Comparison of Results
Lower Brisbane River

Tables ES2 and ES3 tabulate these results for the pre-dams and post-dams
scenarfos respectively.

In respect of the pre-dams scenario, the resuits from the Monte Carlo analysis are
Righer than those recommented In the Independent Review Panel (IRF} Reporl, wilhi
2 "best” estimate of 14,000n7° /s at Savages Crossing compared to the IRP value of

12,000n7/5. This result Is within the likely upper bound suggested by the IRF, so Is

consistent with those findings. The fikely range Is now estimaled to be 12.500n7 /s
lo 15,000nr/s compared to the previously estimated range of 10,0000/s to
14,000n7/5.

The correspending values at Moggill and Port Office are 13,0007’ /s from the Monfe
Carle analysis compared to 12,000n7P/s in the IRP report, within a range of
11,000n7°/s to 14,000nr'/s compared to the previously estimated range of
10,000n7/s to 14,00007/5.

The results from the deterministic RAFTS model runs of 13,000;1:"/5 at Savages
Crossing and 12,500n7/s at Moggill and Port Office are consistent with the IRP

X
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Ipswich City Caunil Ipswich Flood Study Rationalisation Project
. Phase 3 - Monte Carlo Analysis

cornmeit that the RAFTS modelling estimates in SKM (2003) were considered to be
about 20% low. The new resufts resolve this anomaly.

In respect of the post-dams scenarie, the resufts from the Monte Catlo analysis are
about 10% lower than those recommended It the Independent Review Panel (IRP)
Reporf, with a “best” estimate of 4,500n1'/s at Savages Crossing compared to
5,500nT/5.  The fikely range of s estimate is considered to be 2,500n7/s to
7,000n7 /s compared to the previously estimated range of 4,000m7/s to 6,500 /s,

The corresponding values af Moggif and Port Office are 4,500m? /s from the Monte
Carlo analysis compared to 500007/5 fn the IRP report, within a range of
3,000n7’/s to 6,000n7° /s compared to the previously estimated range of 4,000n7/s
to 6,000m° /s,

Given that the current analysis has explored a number of the uncertainties remaining
from the previous studies noted in the IRP report. the current results should be given
greater welght particularly in respect of the post-dams scenario, and should replace
the previous estimates in design stucdies.

Bremer River
in respect of the Bremer River catchment Table ES4 shows the comparison
between the results from the current analysis and from previous studies.  These
results are not affected by the Brisbane River Dams.

There [s good agreement between the mean and median values of the Gipp peak
flows from this study for the deterministic and stochastic (Monite Carfo) analyses,

For the Bremer River, the "best estimates” were 1,200 /s and 2,600n /s for the
Bremer River at Walloon and Ipswich respectively. The estimated Hikelv ranges for
the above were 900nr/s to 1,500n7/s and 2.000m°/s to 3,100m’°/s

respectively,

Simitarly, for Warrill Creek at Amberiey, the “best estimate” was 1,800n7 /s with a
likely range of 1,300n7 /s to 2,200nP /5.

SKM (2000) gave Qg values of 2,600m/s for Warrilf Creek at Amberley and
3,200m° /s for the Bremer River at lpswich, These values are 30% and 20% higher
respectively than the new estimates. This Is consistent with the findings of Sargent
Consulting (2003) and ICC* belief that the former estimates were too High.

xi

Sargent Consulting
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Conclusions

The analysls has shown that even with a refalively small number of triafls, a Monfte
Carlo analysis was able to refine both the central estimates and likely range of key
design values and to reduce the uncertainty in these estimates. It Is considered
urilikely that further trials will significantly Influence the resufts obtained,

1t is acknowledged that there were fimitations to the analvsis which were necassary
due to tme and budget constraints. These imited consideration to the range of
outcomes from 100 year ARI calchment rainfalls, rather than from the entire
distribution of rainfall events.

Nonetheless, this provided a direct compsrison with results of previous studies which
were also limited in this way.

The results from the Monte Carlo analysis were generally consistent with the
recommendations In the Independent Review Panel Report (Mein et al 2003), and
have refined both the central flood estimates and the confidence imits, or fikely
range of the food estimates.

In respect of the Bremer River and lockyer Creek catchments, the Monte Carlo
analfysis results were 20% - 30% lower than those in the Ipswich Rivers Flood Study
(SKM 2000).

The review of the RAFTS model with deterministic inputs resolved the anomaly
between the RAFTS modelling and flood frequency analysis from SKM (2003) noted in
the IRP report, and hence It was considered unwarranted to undertake the frequency
analysis of food volumes. :

Specific conclusions were as foflows:

< In respect of the pre-dams scenario, the “best” estimate of Croe peak fow at
Savages Crossing was 14,000nr/s within a range of 12.500n7/s to
15,000n7°/s (compared to the IRP value of 12,000n7/s, within a range of
10,000m°/s to 14,000n7/s); X

“ In respect of the pre-dams scenario, the "best” estimate of oy peak flow at
Moggll and the Port Office was 13,000n7/s within & range of 11,000n7 /s to
14,000n7 /s (compared lo the IRP value of 12.000mP/s, within a range of
10,000mP/s to 14,000n7/5);

» In respect of the post-dams scenario, the "best” estimate of Qrop peak Row at
Savages Crossing was 4,500m/s compared to 5500m/s, within a range of
250087 /s to 7,000n /s compared to the IRP value of 500007/s within a
range of 4,000n7/s to &,500n7/s;

“  The corresponding post-dam values at Moggill and Port Ofice are 4,500n7 /s,
within a range of 3,000n7°/s to 6,000n7'/s compared to the IRP value of
- 5,000n7/s within 2 range of 4,0007/s to 6,000m/s;

& For the Bremer River at Walloon, the “best estimate” was 1,200n7° /s, within a
range of 900nr’ /s to 1,500n7 /s;

Xiil

Sergent Consulting
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* For Warill Creek at Amberley, the "best estimate” was 1,800ns'/s, within a
range of 1,300n1'/s lo 2,200nr’/s compared to the previous estimate (SKM
2000) of 2,600n7 /s; and

53

-y

For the Bremer River at Ipswich, the "best estimate” was 2,60007°/s, within a
range of 2,000n1°/s (o 3,100m’/s compared to the previous estimate (SKM
2000} of 3,200n7’ /5.

Recommendations

1t is recornrnended that the estimates of Qg design flows produced from the Monte
Carlo analysis described in this report in respect of current catchment conditions be
adopted as the basis for inputs to the bydraulic modeling component of this and the
parallel BCC study to determine design food levels and flood inundation mapping.

The folfowing, which were beyond the scope of the current study, are recommended
for consideration for further work:

< Extension of the Monte Carlo analysls to the Qg event which Is stilf an impoitant
‘and use planning criterion for ICC;

* Refinement of the distribution of starting storage in Wivenhoe and Somerset
Dams by an analysis of the historic distribution, and if this Is significantly different
from that assumed herein, consider repeating the Monte Carlo analysis; and

* Investigation of the sensitivity of RAFTS model results fo the lumped conceptual
storages in the model, partictdarly those af the Lockver Creek/Brisbane River and
Bremer River/Brisbane River confluences, and if found to be warranted,
recaflbration of the RAFTS model.

5/01/20065/01/200
Sargent Consulting
DaASsrgent Consuting\2005 Jobs\DS002_IpswIch\isR_Flood_studyHydology eportydsoogy._report_fiabdoc
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1.

Introduction

One objective of the Jpswich Rivers Flood Study Rationalisation Project (IRFSRP) is o
resolve a number of anomalies which have arisen between estimated flood flows and
flood levels in the Lower Brisbane River and the Bremer River catchment in studies
undertaken In recent years by Ipswich City Council {ICC) and Brisbane Cliy Coundll
(BCEC). The resolutien of these anomalles will alfow more reliable flood mapping to
be prepared. '

The IRFSRP is being conducted in parallel with the Brisbane Valley Hood Damage
Minimisation Study (BVFDMS) which is belng undertaken by BCC in conjunction with
other Local Authorities in the catchment Including ICC. Gne of the objectives of the
latter Is the development of a common methodology for callation of data and damage
assessment across the Brisbane River catchment.

These two projects are being undertaken in a collaborative frammework both to ensure
the commonality goal is achleved and to ensure there Is no duplication of effort.

One of the outstanding issues that Is belng investigated as part of the IRFSRP Is the
catchment hydrology, in particular the definition of design flows as estimated using
the RAFTS mode! which has previously been established for studies for both ICC and
BCC., The provision of the most recent RAFTS model Inpt files and data files by BCC
is gratefully acknowledged.

The Independent Review Panel (Mein et al 2003) recommended that Monte Carlo
methodology be used to simulate the possible combinations of storm temporal and
spatial patterns and could also Include variation of loss rates and reservoir drawdowit.

A full Monte Cario analysis would comprise running a large number of trials {typically
in the order of tens of thousands) in order to adequately describe the distribution of
the dependant variable, in this case flood peak magnitude.

Typically, applications of the Monte Carlo simulation process to rainfall — runoff
modelling have used a simplified transfer function so that the sample {rlals could be
automated and a farge number of trials undertaken. However, due to the complexity
of the RAFTS model and its data input reguirements, It is not possible to autornate
the process In this case and manual editing of the data files is required for each
model run. As significant time s required to conduct each model run, there are time
and budget constralnts on the number of trials which could be conducted.

As the current Brisbane/Bremer River RAFTS model has been developed at
considerable expense and has been widely used by both ICC and BCC as the basis of
flood event modelling for some time, there Is no incentive to change the modelling
phatform at this time.

Taking these constralnts Info account, the Monte Carlo modelling undertaken for this
shudy was imited to exploring the variation In peak 100 year ARI flows resulting from
variations In a limited number of model inputs in order to provide further insight into
this variabllity and to reduce the uncertainty fn the Queo flow estimates.

A map of the Brisbane River catchment showing key locations is given in Appendix
A

Sargent Consiifting
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Background

Detalled flood studies have been undertaken for the Brishane and Bremer River
catchments such that flood extent mapping for a range of flood frequencies are
avaffable,

However, since detailed flood studies for the urban areas of Ipswich were completed
in 2000 (Sinclair Knight Merz) and for the rural areas In 2002 (Halliburton KBRY), there
have been a number of developments relating to flood studies In the Brishane River
which have resulted In the current flood studies and the corresponding flood extent
maps no longer being compatible with those for Brisbane City.

These include:

g Updating of flood hydrology for Wivenhoe Dam operations and the construction
of fuse plug spillways;

o Avallabllity of new rainfall design data (CRC-FORGE) and a new estimate of
probable maximum flood (PMF);

** Revised flood modelling for Brisbane City Council; and

% Review of the latter by an Independent Review Panel which has led to the 100
year deslgn flood flow for the lower Brisbane River being reduced from 8,000
m*’s to 6000 m¥s.

In addition, In response to apparent anomalies with predicted 20 yeatr ARI flood
levels in particular, Council commissioned Sargent Consulting {SC) In 2002 to review
the current flood models. That review (SC 2003) concluded that the current
hydraulic model (MIKE 11) callbration is skewed towards the replication of major
floods with the result that water levels for sinaller floods are overestimated,

BCC recently commissioned DHI Water & Environment (DHIWE) to review the
structure of the MIKE11 mode), with the result that a number of recommendations
were made to Improve the model, The implementation of these recommendations is
part of the current projects.

Also, in the perlod since the flood study resuits became available, a number of
inconsistencles have been noted which require rectification.

As a consequence of the Issues noted above, the current hydrologic and hydraulic
models are known to have some inconsistendes, and the flood levels used by the two
local government areas for town planning controls are no lenger compatible,
Resolution of these matters is required urgently by ICC so that:

< The flood overlay in the Ipswich Planning Scheme can be confirmed or updated;
and

% The current development of emergency respongse flood mapping Is not
compromised.

Sargent Consulting
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3. Summary of Recent Estimates of Designh Flows

The most recent estimates of deslgn flows for the Lower Brisbane River are contained
in the reports by SKM (2003) and Mein et al (2003) which are summarised below.

SKM (2003) presented a comprehensive investigation of flood frequency analyses for
peak instantaneous flow In the Brisbane River at Savages crossing, under both
natural (L.e, pre-dam construction) and current (post-dam construction) scenarlos.

Based on consideration of analysis of a humber of datasets Induding a regional flood
frequency analysis, SKM (2003) concluded that the "hest” or “most plausible”
estimate of the 100 year ART (Quoo) peak flow at Savages Crossing for the Ere-dam
scenario was 12,000m*/s within a likely range from 10,000m’/s to 14,000m’/s,

SKM (2003) also presented revised hydrologic modelling results using the RAFTS
model (developed for both BCC and ICC flood studies) using the CRC-FORGE dataseis
and also allowing for possible variations In both temporal and spatial pattems of
storm rainfalls. This analysis resulted in a median estimated peak Qsop flocd flow at
Savages Crossing for the pre-dam scenario of 9,600m?fs within a likely range of
8,000m’/s to 11,500m’/s. :

SKM (2003) also estimated peak flows in the post-dam scenatio using the RAFTS
model results comblned with dam operations medels for Somerset and Wivenhoe
Dams (DNRM 2003), together with runs of the MIKE 11 model and estimated that the
*hast estimate” of Qe peak flow in the Brisbane River at the Port Office Is
6,500m?/s within a likely range of 5,000m’s to 8,000m’/s. The corresponding best
estimate at Savages Crossing was 5,500m?/s.

The Independent Review Panel commissioned by BCC (Mein et al 2003) endorsed
SKM's “best estimate” of the pre-dam peak Qugo flood flows at Savages Crossing of
12,000m>/s (within a likely range from 10,000m’/s to 14,000m*fs) based on flood
frequency analysls. Mein et al {2003) considered thaf the RAFTS modelling estimates
of about 10,000m?{s (within a likely range of 8,000m*/s to 11,500m’/s) to be low.

Mein ¢t al (2003) considered that the most plausible estimate of the post-dams Q:op
peak flow in the Brisbane River at Savages Crossing to be 6,000m?/s (within a likely
range of 4,000m%/s to 8,000m*/s) and at the Port Office 6,000m3/s (within a likely
range of 5,000m%/s to 7,000m?/s).

Mein et al {2003) made a number of recommendations Including:
% Using Monte Carlot methodology to simulate the possible combination of storm

temporal and spatial patterns on peak flows together with rainfall losses and
reservoir levels;

1 Monte Carlo methodology describes any method which solves a problem by generating large sets of estimated
data using random number generation technlques and observing the relevant propeities of the datasets, The method
s useful for obtaining numerical solutions to problems which are too complicated to sotve analytically. In this way,
the probabilistic nature of variables In a system Is taken Into account by undertaking a large number of Erfals
{(simutations) i which the variables are aliowed to vary within thelr known or assumed range, Overail system
behaviour and its uncertainty is then predicted by the statisties of the trial results.

arymt Consufting
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5.

5-1.

. % The RAFTS model calibration be revisited with a view to reducing the varfance

between design fiow estimates produced from the model and those obtained
from flood frequency analysls; and

% Frequency analysis of flood volumes be carried out, and compared with runoff
volumes predicted by the RAFTS model from design rainfalls of corresponding
frequency.

Scope of Monte Carlo Analysis

The Mente Carfe analysls component of the IRFSRP described In this report has
comprised: :

% Revlewing the RAFTS hydralogic model with CRC-FORGE design rainfall ihputs;

% Using the RAFTS model to undertake stochastic modeling (Monte Carlo
simulation) to account for probability distributions of the model assumptions and
combinations of spatial and temporal rainfall distributions to better define design
flow hydrographs and to quantify the uncertainty therein;

¢ Comparison of hydrologic model design flows from the above with those from
direct flood frequency analysis to determine the extent to which this resolves the
inconsistency arising from SKM (2003);

«+ In the event that this Inconsistency were not satisfactorily resolved by the above,
undertake a frequency analysis of flood volumes as a further ald In this regard
(this was subsequently found not to be warranted);

% Re-estimation of 100 year ARI design flows at key locations throughout the
catchments on the basls of the new analysis; and

*» Reporting on the work undertaken.

Preliminary RAFTS Model Runs

Prior to undertaking the Monte Carlo analysis it was necessary to re-establish and
review the RAFTS model. This section outiines the procedure used to re-establish
and review the existing RAFTS model and the use of the model to estimate peak
flows at a number of points of interest for a range of storm durations. This
deterministic modelling was undertaken as a preliminary task to the stochastic
modelling using the Monte Carlo methodology as described In Section 6 hereof.

Review of Existing RAFTS Model

BCC provided RAFTS Input files and data files from the SKM (2003) study for use in
the current study as acknowledged In Section 1 hereof,

However, these model and data flles were Incomplete for the 100 year ARI which is
the focus of interest of the current study. A summary of the missing files and the
ways in which these were replaced is outlined below:

* BCC was not able to provide the RAFTS model files {(.xp files) for the pre-dams
case — this was overcome by using the model files from the Ipswich Rivers Flood
Study Phase 2 (SKM 2000). The model components downstream of Wivenhoe

4
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dam were checked with those provided for the post-dams case and were found
to be identical. As SKM (2003) stated that the model used was that developed
for the Ipswich Rivers Study, it is reasonable to assume that the mode! upstream
of Wivenhoe Dam was also the same; and

L3

BCC was not able to provide the RAFTS 100 year ARI rainfall input files -
however, a spreadsheet containing the CRC-FORGE rainfalls for each model sub
area and for a range of durations was provided; although the sub area naming
scheme was different to that used In the earller RAFTS modelling, it was possible
to cross match these using the map of the sub areas provided.

In order to re-establish the RAFTS model, the following actions were taken:

. The RAFTS input file for the whole catchment In its “pre-dams” configuration was
copled from that provided from the Ipswich Rivers Flood Study Phase 2 (SKM
2000) and updated from RAFTS version 5.0 to the current verslon, viz. RAFTS
2000,

i, The spatial rainfal distribution provided in spreadsheet form was checked for
CRC-FORGE design rainfalls for 100 Year ARI for 24, 48 and 72 hours using the
original values of CRC-FORGE rainfalls proved by DNRM (Ruffini J. 2004) and
using thematic mapping In MapInfo to estimate mean rainfalls for each sub area
In the RAFTS model.

CRC-FORGE design rainfalls are available for about 130 rainfail station locations
within the Brisbane River catchment of 13,600km?, a relatively dense network by
Australian standards. There are over 260 sub arzas in the RAFTS model, so the
degree of interpolation to obtain the sub area mean ralnfall is not great. The
mean catchment rainfall was computed as the area-welghted mean for each of
these durations and compared to that in the spreadsheet provided. Areal
reduction factors, as estimated using the CRC-FORGE procedure were also
checked. The results of this comparison are glven in Table 1, and the
distributions are mapped In Figures 1 to 3.

As CRC-FORGE design rainfalls are only provided for durations of 1 to S days, the
30 and 36 hour values required interpolation. The interpotated values for these
durations were included In the dataset provided by BCC and these were adopted
for use herein.

DNRM has recently released a computer program to estimate Intensity —
Frequency — Duration (IFD}) relationships using the CRC-FORGE dataset inciuding
interpolation for storm durations from 1 to 120 hours. However, this program
was not avallable at the time of undertaking the analysis presented herein. No
analysis of sub-daily ralpfall durations was undertaken in the current study.

It can be seen from Table 1 that the check computations of mean catchment
rainfalls are within 29 of those provided. Hence the spreadsheet values were
adopted for these and other durations in this range.

The critical storm duration in a number of the tributaries to the Brishane and
Bremer Rivers is less than 24 hours. Hence, in those tributaries, the results
herein are unreliable. These have been noted in the results given in Section 5.2
hereof (Table 3).

5
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Tablel ‘
Estimated Brisbane River Catchment Rainfalls for 100 Year ARI
Design Storms (CRC-FORGE)

Mean 100 Year ARI Catchment Rainfall °
f 'm Durations below after.”: | -
Reduction Factor (ARF) °

SR T s %148 Hours ‘| -72 Hours -
CRC-FORGE Areal Reduction
Factor {catchment area 13,600 0.757 0.828 0.860
km?)
Spreadsheet provided by BCC 188 264 309
‘Independent check 191 268 315
Difference % +1.6% +1.5% +1.9%

As can be seen from Figures 1 to 3, there Is a marked variation in rainfall across
the catchment, generally decreasing from east to west, with the greatest
variation in the northern part of the catchment where, for example, 100 year ARI
24 hour rainfali ranges from 485mim on the northeast boundary of the Stanley
River catchment to 177mm in the northwest of the upper Brisbane River
Catchment. Across the southern sections of the catchment, the variations are
less marked, from 395mm In the lower Brishane River to 170mm in the Lockyar
Creek catchment. Spatial variation follows a similar pattern for other durations.

iil. ‘The rainfall files for the RAFTS model were re-established on the basis of the
sub-area rainfalls outlined above, by cross-referencing the sub area names in the
model to those In the spreadsheet.

.  Initlal check runs of the RAFTS model were then made for a range of storm
durations based on the CRC-FORGE spatial varlation, using temporal patterns
from Australen Rainfall & Runoff (ARR), and with the same loss parameters used
by SKM (2003) Le. initial loss of 10mm and continuing loss of imm/hr.

Sargent Consulting
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However, these runs produced significantly different peak flows from those

. Ppresented in SKM (2003) for all storm durations except 72 hours, with the
highest differences at 30 and 36 hour durations (up to 56%). These values are
shown in Table 2, .

It should also be noted that the RAFTS mode! peak flows In the current study are
more consistent with the Independent Review Panel’s best estimate of
12,000m’/s within a likely range of 10,000 ~ 14,000m?/s.

The model runs for the current study also put the critical storm duration at 30
hours for all of the main Brisbane River locations, whereas in the previous
analysls 72 hours was the critlcal duration at Moggill and the Port Office.

Table 2 Comparison of Pre- Dam RAFTS Model Peak Flow
Estimates

. :}-Peak Flows (m3/s) for Storm Durations of
- | 24Hrs | 30Hrs- |36 Hrs - {48 Hrs- | 72 His _
a) Values from SKM
(2003} Table 4-2 .
Savages Crossing 8,387 9,607 8379 8,626 9,192

Location.,.

Mogaill 7,607 9,115 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

Moggaili 8,600 12,600 | 11,800 16,000 10,200
Brishane Port 8,600 12,600 | 11,800 10,000 10,200
Oifice

Difference between
b) and a) %
Savages Crossing +16% +37% +36% +12% +9%
Mogglll +13% +40% +56% +25% +1%
Brisbane Port +13% +40% +56% +25% +1%
Office .

NOTE: Critical duration values shown in bold type

10
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The reasons for these differences were briefly investigated and two reasons for
the differences identified, namely:

< Differences in sub area rainfalls; and
<  Sensitivity to model conceptual storages.

Although the 100 year ARI rainfall input files for RAFTS were not available from
BCC, the output files were provided and these confirmed that the effective
rainfalls on the sub areas (i.e. input rainfalt minus fosses) were consistently lower
than those appiied in the current study. It was also confirmed that the applied
losses were identical, so it was conciuded that the Input rainfalis were less than
those provided in the CRC-FORGE spreadsheet. This was confirmed by
comparison of effective rainfalls on a smail number of sub areas.

The rainfalls used in the current study were double checked and found to be
correct, and the analysis continued on this basis.

Flood flow attenuation in the RAFTS model may be undertaken using detailed
flow routing using the Muskingum-Cunge method or by simple hydrograph
lagging. In the Ipswich/Brisbane River model the latter approach was used. As
simple hydrograph lagging does not take account of the attenuation effect of
temporary storage of floodwaters on the floodplain, conceptual storages were
added to the model at key points as part of the model calibration process. The
largest of these storages are at the confluence of the Brisbane River and Lockyer
Creek (model node SAV10) and at the confluence of the Brisbane River with the
Bremer River {(model node JIN#).

It was apparent from the RAFTS model! results that the outflows from these
storages, which directly determine the peak flows at Savages Crossing (node
SAV-OUT) and Moggill (node JIN###), are sensitive to the differences in

hydrograph shape for the different storm durations, Figures 4 and 5 show the

inflow and outflow hydrographs for the temporary storages at these confluences
for 100 Year ARI storms of 24 and 30 hour durations. These figures show that
there is significantly Jess peak flow attenuation in the 30 hour event even where
the peak Inflows are relatively slmilar In the 24 hour and 30 hour events.

It would be possible to estimate the physical storage at these locations from the
mapping avallable, and compare this to the conceptual storages, but this is not
necessarlly helpful, as the conceptual storages are basically lumped storages
representing all the temporaty storage upstream,

This apparent sensitivity of downstream peak flows to these conceptual storages
was not brought out by the previous analysls due to the lower flows modelled.

As a more detailed review of sensitivity of peak flows downstream of these
conceptual storages to thelr depth-storage relfationships would require re-calibration
of the RAFTS model which was beyond the scope of the current study, It was decided
to cortinue to the Mante Carlo analysis using the existing model.

11

Sargent Consulting

D:\Sargent ConsuRing2005_jeb\D5002_IpswichyBrisk_Fioed studyiHydiolony\Reportiydroiogy_report.final doc

5012006

ICC.005.2777




Ipswich City Council ' Ipswich Flood Study Ralionalisation Project
Phase 3 - Monte Carlo Analysis
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Ipswich City Council Tpswich Flood Study Raticnallsation Project
Phase 3 - Monte Carlo Analysis

5.2. Peak Flows at Key Locations

5.2,1.Pre Dam Conditions

The peak flows at key points obtained from these prefiminary runs under pre-dam
conditions are summarised In Table 3, These runs used the previously adopted
rainfall loss rates (i.e. initial loss of 10mm, continuing loss of 1.0mm/hr) using
spatially varled CRC-FORGE design rainfalls (as discussed in Section 5.1 hereof) for
storm durations of 24, 30, 26, 48 and 72 hours.

Table 3 shows that the critical storm duration is 30 hours for ali locations on the
Brisbane River and elther 24 or 30 hours for all other stations,

Tributaries locations where the critical storm duration Is known from previous studles
to be less than 24 hours have been excluded from the results given, except for those
In which the critical duration has previously been estimated as 18 hours. In those
tributaries, Warrill Creek and Purga Creek the results herein based on 24 hour storm
duration may not reliable,

Table 3 Summary of Peak Flows at Key Locations (Pre-dams)
{with previously assumed rainfalls and losses)
Spalial Distribution CRC-FORGE
CRC-FORGE Storm Duration Hours :
LOGATION RAFTS NODE 24 30 38 48 72
Cooyar CK C00-0UT 1320 t500]  4350] 1170 1210
Bils R at Linville LIN-OUT 2990 3420] 3070l 260 2780
Emu Ck at Boat Min EMU-QUT 1320 1380] 12561 1120 1220
Bris R al Gregors Ck GRE-QUT 5380 6010]  5390] 4890 5060
ICresshrook Ck CREQUT 660 690 660 500 870
Staniey R uls Somersel Dam | goppyys 2030  2230] a0s0]  1es0] 2080
Bris R at Somerset Dam SOM-GUT 3060 3620] 3200 3130 3150
1Bris R at Wivenhoe Dam WIV-QUT 10700 11158, 8790 9430 8450
[Lockyer Ck ot Helidon HEL-QUT 820 B80] 840 740 800]
Lockyer Ck af Gafion_ GAT-0UT 2730 2010] _ 2818] 2330 2680]
Laidiey Ck al Laidley SHO-QUT B30, 870 660] 580 630
Lockyer Ck al Lyons Br LYO-OUT 3930 3r20] 3520 3070 3440
Inflow to terp Siorage
JLockyerBris jn BAV1D 14710 14560] 2140 12200 11680
Bris R at Savages Crossing | SAV-OUT 9700 13140]  11410] 9640 9110
Bris R al Mt Crosby MTC-OUT 9720, 13170] 114200 9710 6540
Bris R at Mogail JIN#ER 8600 12600]  11770] 9390 10170
JBremer R al Walloon WAL-OUT 1170 1130] 103 940 1030]
[Warrili Ck al Katbar KAL-GUT 1080 1020f 1010 910 970
[Warrill Ck ai Amberley AMB-OUT 1580 1760] 530 4520 1450
Purga Ck at Loamside PUR-OUT 680 0 I 620 610
Bremer R al Ipswich e 239 24501 2000 2190 2180
Bris R at Jindales JIN-QUT 800 12500] 4770l 9940 10180]
§Bris R at PO Gauge POG-OUT 8610] 12500 — 1177¢] o@ep 10180
I [Gritical Duration
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Ipswich City Coundl Ipswich Flood Study Rationalisation Project
- Phase 3 - Monte Carfo Analysis

5.2.2.Post Dam Conditions
Int order to medel post dam conditions, the following process was adopted:

% From the pre-dam made! save the flow hydrographs at Wivenhoe Dam, Somerset
Dam, Lockyer Creek outflow and Bremer River outflow;

< Convert the sampled starting storage volumes in Wivenhoe and Somerset Dams
for each individual trial to the equivalent water levels, using the elevation storage
{evels for the dam;

& Convert the above Into the data formats required by the SEQWater/DNRM
Wivenhoe and Somerset Dams Operation Model and set up the model parameter
file;

» Run the dam operatlons model to obtain the corresponding outflow hydrographs;

» Rerun the RAFTS model with the Wivenhoe dam output hydrograph from the
operations model substituted fro the RAFTS dam inflow hydrograph and deletion

of the catchment upstream of Wivenhoe; and

< Extraction of key outputs (eg peak flows, flood volumes at key points) — post
dam conditlons.

Results for the post dam runs are given In Table 4.

Table 4 Summary of Peai Flows at Key Locations {Post-dams)
(with previously assumed ralnfalls and losses)
{other locations as in Table 3)
Spatial Distrlbution CRC-FORGE
CRC-FORGE $torm Duration Hours
LOGATION |RAFTS NODE 24 30 38 48 12
Bris R at Wivenhos Dam WIV-oUT 3400 so0] 210l 74io0 830
Inflow to temp Storage
[LockysriBris jn SAVI 5740 8420]  ©810] 10060 g470
Bris R at Savages Crossin SAV-OUT 5160 8120]  o320] 7000 7390}
Bris R at Mt Croshy MTC-0UT 5180 8130)  9330) 7040 7400
Bris R at Mogail JINGiE 4430 6010]  6900] 6540 7320}
Bris R ol Jindales JIN-OUT 4430 c0f0]  6000] €540 7320
Bris R at PO Gauge POG-OUT 4430 6010}  6900] 6540 7320
[ {Critical Duration

1t can be seen from Table 4 that the critical duration at locations on the Brisbane
River Increased as a result of the presence of the dams in the catchment, which is to
be expected, with the result that the critical duration for Wivenhoe Dam outflow was -
48 hours, at Savages Crossing 36 hours, and at Moggill and further downstream of 72
hours.

The presence cf the dams also results in significant attenuation of the 100 year ARIL
peak flow from 13,100 m?/s to 9,300m’/s at Savages Crossing and from 12,600
/s to 7,300m>/s at Mogglll and further downstream.,
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Ipswich City Councll Ipswich Flood Study Ratfonalisation Project

Phase 3 - Monte Carlo Analysis

6.

Basis of the Monte Carlo Analysis

The Independent Review Panel (Mein et al 2003} recommended that Monte Catlo
methodology be used to simulate the possible combinations of storm temporal and
spatial patterns and could also include varlation of loss rates and reservolr drawdown,

A full Monte Carlo analysis would comprise running a large number of trials {typlcally
In the order of tens of thousands) in order to adequately describe the distribution of
the dependant variable, in this case flood peak magnitude.

In the case of the rainfall runoff pracess, the full range of varlables which could be
sampled using the Monte Carlo approach is:

¢ Rainfall intensity;

** Ralinfall duration;

% Rainfall temporal pattern;

** Rainfall spatial pattern;

% Rainfall areal 'reductfon factor;
% Initial loss;

% Possibly continuing loss although this a solf characteristic and not a random
variable; and '

** Possibly rainfall to runoff transfer function variables, in this case RAFTS model
parameters. Although these should be well defined by the calibration process, in
reallty there is uncertainty about key parameters which could be fested in this
way.

Also In this case, the initial storage in Somerset Dam and Wivenhoe Dam could be
added to this [ist.

Previous applications of the Monte Carlo simulation process to rainfall ~ runoff
modeiling have used a simplified transfer function 5o that the sample trials could be
automated and a large number of trials undertaken. However, due to the complexity
of the RAFTS model and its data input requirements, 1t Is not possible to automate
the process in this case and manual editing of the data files is required for each
model run.  As significant time is requived to conduct each model run, there are me
and budget constralnts on the number of trials which could be conducted.

In this case, using the RAFTS model to estimate flows from a variety of model inputs,
the data generation procedure comprised;

* Generation of sample parameter values selected from the above list;

%+ Estimation of sub area rainfalls from the CRC-FORGE design rainfalls and the
apprapriate areal reduction factor;

% Preparation of RAFTS input files to reflect the sampled parameters;
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Ipswich City Councit Tpswich Flood Study Rationalisation Project

Phase 3 - Monte Carlo Analysis

Running the RAFTS mode! and extraction of key outputs (l.e. peak flows, at key
potnts) for pre dam conditions;

Using the Somerset Dam and Wivenhoe Dam input hydrographs from the above
together with the sampled dam starting levels and running through the dam
operations model to obtain the corresponding outflow hydrographs;

Rerunning the RAFTS model with the Wivenhoe dam cutput hydrograph from the
operations model substituted for the dam inflow hydrograph; and

Extraction of key outputs (l.e. peak flows at key points) for post dam conditions.

All of the abave then need to be repeated for each trial, then the results analysed to
determine the flood frequency distributions at each of the key locations.

The process outlined above Is time consuming, and In order to produce reasonably
rellable results within the study budget, the number of trlals had to be reduced to a
very limited number, of the order of hundreds, not thousands, of trlals.

In order to enable useful results to be obtained fram this process with a relatively
small number of trials, the following simplified sampling procedure was adopted:

L2
0.’

The analysis was based on the Quep only — or more strictly on the 100 year ARI
CRC-FORGE point rainfalls — this greatly reduces the sample size required as we
are now concerned only with the distribution of estimates of Qg and not that of
the whole of the flood frequency distribution.

1t Is recognised that this Is a severe limitation to the analysis, as It assumes that
100 year ARI runoff Is obtained from 100 year rainfall and excludes the possibllity
of 100 year ARI runoff resulting from, say, a more extreme rainfall an only part
of the catchment, or a less extreme rainfall widely spread over a pre-saturated
catchment. However, this process does test the uncertainty within the previous
RAFTS results which were also based on 100 year ARI rainfalis only.

Areal reduction factors were assumed not to be random variables but as
estimated using the CRC-FORGE procedure.

The continuing loss rate was fixed and not varied from one event to another,
which is reasonable as this is a function of soll infiltration capacity.

The RAFTS parameters were also flxed, Whilst this will not test the uncertainty in
the RAFTS parameters, these should be relatively small given the extensive
model calibration which has been undertaken. Omission of the uncertainty in
these values will stifl enable the objective comparison of the Quqq distribution with
the previous RAFTS estimates.
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Ipswich City Councit Ipswich Flood Study Rationallsation Praject

Phase 3 - Monte Cario Analysls

6' 1.

6.2.

On this basis, the parameters tested were:

R
..Ol

Storm duration;
% Storm spatial distribution;
% Storm temporal distribution;

“*+ Initial loss; and

.
.‘..

Starting levels in Somerset and Wivenhoe Dams.

The foilowing paragraphs outline the approach taken n respect of each of the abovs
parameters.

Storm Duration

The Initial RAFTS model runs had established that the critical storm duration for the
main points of interest for the pre-dams scenario were either 24 hours or 38 hours,

For the pre-dams analysis, storm durations were limited to 24 and 30 hour events
only, and It was assumed that these were equally likely to occur (l.e both have a 50%
probability of occurrence).

For the post-dams analysls It was necessary to include events of 36, 48 and 72 hours.

Rahman et al (2001) determined, using pluviograph records from Victoria, that the
duration of storm-cores (that part of the storm containing the most intense period of
rain) was exponentially distributed, Hoang et al (1999) determined that a 3
parameter generalised Pareto Distribution best described the duration of complete
storms In Victorla, whilst Carroll & Rahman (2004) recommended use of the
exponential distribution for complete storms in south east Queensland.

In this analysis it was assumed that the storm durations were exponental and
Figure 6 shows the disiributlon used in this analysis.

Storm Spatial Distribution
The Brishane River catchment has four major sub-catchments, namely:

“ The upper Brisbane River catchment from Its headwaters to Somerset Dam;

*» The Stanley River catchment from Its headwaters to Somerset Dam and the
mid reaches of the Brisbane River to Wivenhoe Dam;

#  Lockyer Creek; and

*#+ The lower Brisbane River catchment downstream of Lackyer Creek and
including the Bremer River catchment.
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Ipswich City Coundi Tpswich Flood Study Rationalisation Project

Phase 3 - Monte Carlo Analysis
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Figure 6 Assumed Distribution of Storm Durations

Approximately, these major sub-catchments comprise the northwest, northeast,
southwest and southeast quadrants of the catchment as shown in Figure 7, and are
of similar area. These sub-catchments were considered to be a reasonable basis on
which to vary the spatial distribution of rainfall across the whole catchrent.

In varying the spatial distribution of rainfall over the catchment, it was impaortant to
retain the overall mean catchment rainfall, and to not introduce distortions to the
assumption of probability equality between ralnfall and runoff.

The preferred means of doing this was to compute catchment rainfalis for each major
sub-catchment in turn using the appropriate areal reduction factor, and then factorise
rainfall over the other three sub-catchments to malntain the overalt catchment
rainfalls. However, this was found to produce only minor variations.

Instead, the method adopted was to increase the rainfall over the selected sub-
catchment from 100 year to 200 year ARI, then reduce the rainfail depths over the
rematning catchment so that the overall mean catchment rainfall remained at the 100
year ARI value. This resulted in Increases of about 12% over the selected sub-
catchment and reductions of about 4% over the remaining sub-catchments. This
was applled to each sub-catchment In turn, resulting in a total of 5 spatial varlants
l.e. the original CRC-FORGE distribution over the whole catchment plus 4 variants in
which the rainfall over one of the major sub-catchments was Intensified.

Whilst the use of the 200 year Intensity over individual sub-catchments with
corresponding reduction elsewhere was arbitrary, this does maintain the overalt
Integrity of the approach in having a neutral overall impact on rainfall probabillty and
in not Introducing undue bias.

It was assumed that the basic spatial distribution and one concentrated In one of the
major sub-catchments were equally likely to occur (i.e. both have 50% probability of
occurrence), with the latter group further divided into equal probabllities in each of
the 4 sub-catchments (L.e. 12.5% in each). This was arbitrary but reasonable.
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Ipswich City Councit _ Ipswich Flood Study Rationalisation Project

Phase 3 - Monte Carlo Analysis

6.3.

Storm Temporal Distribution
Two alternative storm temporal patterns were adopted, namely:

% Temporal patterns as given in ARR (IE.Aust. 1987); and

< Temporal pattems derived using the Average Varlability Method.
The ARR (1987) temporal patterns are those normally adopted for design rainfall-
runoff modelling In Australia and were produced as a result of extensive research In

the 1980's. The Brisbane River catchment is within Zone 3 for these temporal
patterns and the appropriate values were adopted. These result in a bi-modal

temporal distribution as shown in Figure 8 with the heaviest rainfall early In the

storm.

The Average Variability Method (AVM) was adopted by the Bureau of Meteorology In
the development of its Generalised Tropical Storm Metfod (GSTH) for the estimation
of probable maximum precipitation (BOM 2004). This was based on the ahalysis of a
number of historic storms In each region and over a range of catchment sizes. The
temporal patterns for a 10,000 km’ coastal Queensland catchment for 24 and 36
hours were obtained from this publication, and the 30 hour duration pattern was
estimated from the 36 hour pattern by dropping out the 2 smallest values at the ends
{as based on 3 hour increments), The patterns are given In Figure 9, which show
that this approach produces a distribution more welghted to the central part of the
storm.

It was assumed that any given storm was equally likely to conform to either of these
temporal patterns (i.e. both have 50% probability of occurrence).

Initial Loss

ARR (1987) gives median Initial loss for Queensland of 25 — 35mm. The previous
analysls adopted a value of 10mm which is relatively conservative.

In order to investigate the effect of the Initial loss assumption on the design flows, a
range of 0 to 50mm was considered with its mode (most likely value) belng 10mm. A
simple triangular distribution was assumed for this parameter, as shown in Figure
10.
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Brisbane River Catchment - Major Sub-Catchments
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Ipswich City Council Ipswich Flood Study Rationallsation Project

Phase 3 - Monte Carlo Analysis

6.5. Dam Starting Levels
SKM (2003) used starting storage values of 50%, 75% and 100%.

We have assumed for this analysis that the storage levels in both Somerset Dam and
Wivenhoe Dam are In the range of 50% to 100% with a rectangular distribution i.e.
any value In this range Is equally likely to occur. These distributions are shown in
Figure 11 for Somerset and Wivenhoe Dams respectively.

Uniform{190316, 379849) Uniform(583927, 1165000)

Vealues x 106

Values x 1006

‘Somerset Dam Wivenhoe Dam

Figure 11
Assumed Distribution of Reservoir Storage at Start of Flood Event

“Whilst storages In Somerset and Wivenhoe Dams will not be perfecily correlated,
there should be a significant degree of correlation In dam inflows, which we have
assumed fo be 50%. '

Although, In the current drought, dam storage levels are below 50%, the arbitrary
limit of 50% for this analysis was thought to be reasonable,
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Ipswich City Council Ipswich Flood Study Rationalisatlon Project

Phase 3 - ponte Carlo Analysis

7.2,

Monte Carlo Analysis Results

Monte Cario Simulation

Monte Carlo Wrials for each of the selected varlables were undertaken using the risk
analysis and simulation add-in program for MS Excel called @RISK (Version 4.5)
(Palisade Corp. 2002).

The simulation was set up to sample a sequence of 500 trials of each of the variables
as outfined above, Le. storm duration, storm spatial distribution, storm temporal
pattern, Initial loss, starting storage in Somerset Dam and starting storage in
Wivenhoe Dam. It was anticipated that satisfactory statistical outcomes would result
from a smaller number of trials, and to track this the running mean (i.e. mean of afl
vaiues included up to and Induding the current trial) value of key RAFTS outputs
were computed and graphed,

It was found that 100 trials were sufficient to define the mean outputs for the pre-
dam scenario such that variations in the running means were no more than 0.3%.
This was cansidered to be satisfactory, given the main objective of the analysis Is to
reduce the uncertainty in output values. A further 60 trials were added for the post-
dam scenarios (as outlined in Section 7.3).

Firstly, a RAFTS model file was prepared for each trlal for the pre-dam scenario, the
model run, and the peak flows at a number of key points extracted from the model
output. _

For the post-dam scenarios, the Wivenhoe storage operation model was run with
starting levels from the @RISK simulations and input hydrographs to Somerset and
Wivenhoe Dams from the corresponding RAFTS model run. This praduced the
corresponding  Wivenhoe Dam output hydrograph. The RAFTS generated
hydrographs to Wivenhoe were then replaced with Wivenhoe Dam output hydrograph
for each trial from the dam operations program and the modified RAFTS model was
re-run to produce the gost-dams scenario flows.

Both the pre-dam and post-dam results were then analysed and are presented in
Sections 7.2 and 7.3 hereof. The outcomes of the analysls are summarised in
Section 7.4, and subsequent sensitivity tests are outlined in Section 7.5. In
Section 7.6 the results are compared to those from previous analyses.

Results for Pre-Dam Scenario

Peak flows at key points in the Brishane River and Bremer River catchments from the
first 100 Monte Carlo trials under pre-dam conditions are given in Table 5.

Figure 12 shows that an acceptable convergence was achieved after about 70 trials,

after which the variations in the running means of the key outputs were no maore
than 0.3%, showing that there is iittle to be gained from additional trials.
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Phase 3 - Mente Carlo Analysis

Table 5 Summary of Peak Flows at Key Locations from Initial
Monte Carlo Simulations (Pre-Dam Scenario)
... NODAMS SCENARIO .
"7 Trals1-00
FLocaﬂun RAFTS Node Peak Flows in Cumecs
Mean | 5%CL | Median | 95%CL
a) Brisbane River
Bris R at Savages Crossing SAV-OUT 11400 B200 11300 14700
Bris R at Moggiil JIN#HE 10200 7500 2400 13600
Bris R at PO Gauge POG-OUT 10300 7500 9400 13600
b) Bremer River & Lockyer Ck
Lockyer Ck at Lyons Br LYOQ-QUT 3800 2500 3800 4600
Bromer R at Walloon WAL-OUT 1200 920 1200 1500
Warrill Ck at Amberlay AMB-OUT 1800 1300 1750 2200
Bremer R at Ipswich 2C# 2600 2000 2650 3100
Brisbane River RAFTS Model
tonla Carlo Simulation

Convergence of Fumining Means

3.00%

2.00%

Rurning Mean of Peak E
(Currecs)
4 n
g3

-4.00% H: — Bris Rat Soreredt Dan
5 —— Brfe Rat Vibvanhoa Came
) . Lockyer kst Lyora Br
B00% H ’,* —— WS TaTp Sorags LeckyenErs ¥
— Bris Ret Savages Grossing
T —— Bris Rt Mgt
-8.00% — Bramer Rat Walioan
'
-900% ViGerll Ckat Arrieriey
Funga Ok & Loarrskie
~1000% tromer Rat bswich
100% e Brix Rt FO Couge
~12.00% L-

Trial No

Figurei2 Convergence in Running Means {Pre- Dam Scenario)
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Tpswich City Council Ipswich Flood Study Rationalization Project
Phase 3 - Monte Carlo Analysis

Figure 13 shows the distributions of the peak flows at the locations in Table 5 from
the 100 trlal values obtalned. It Is immediately apparent from these figures that
whereas the vaelues for locations in the Bremer River and Lockyer Creek are
continuous across the value range, those on the lower Brisbane River are not. At the
latter statlons, there are clearly two populations within the samples, and this was
found to relate to the two storm durations used (24 hours and 30 hours), with all of
the values in the higher range being from the 30 hour duration events.

This shows that, for locations in the lower Brisbane River, the 24 hour storms do not
produce critical conditions, whereas in the major tributaries, crifical conditions can
occur from either scenarlo,

This can also be seen in the scatter diagrams of peak flows In the Brisbane River at
Savages Crossing, Mogglll and Port Office and at Wivenhoe dam site, Lockyer Creek
and Bremer River plotted agalnst the corresponding peak inflow into the temporary
storage at the Brisbane River/Lockyer Creek confluence shown in Figures 14 and
15. Only the Savages Crossing, Moggill and Port Office cutves show this separation
between results from the 24 hour and 30 hour storms (Figure 14).

For the tributaries and the Brisbane River at Wiverihoe, the curves for 24 hour and 30
hour overlap, albeit with the 30 hour storms giving the maximum flows overall
{Figure 15).

Because of this dichotomy, it was decided that for the lower Brisbane River stations,
the 24 hour storms should be excluded. The results for the 30 hour storms only (50
trials) are given in Table 6 and the convergence is shown In Figure 16.

Tahle 6 Summary of Peak Flows at Key Locations from Monte
Carlo Simulations of 30 Hour Storms only
{Pre- Dams Scenario)

_ NO DAMS SCENARIO
T 30 Hour Storms only Trials 1-50 , |
.quatlon - RAFTS Node Peak Flows In Cumecs
. Mean | 5%CL | Median [ 85%CL
a) Brishans River
iBris R at Savages Crossing SAV-OUT 13800 12500 14000 14800
IBris R at Moggill JIN#H 12800 11300 13000 13700
Bris R at PO Gauge POG-OUT 12800 11300 13000 13700
b) Bremer River & Lockyer Ck
Lockyer Ck at Lyons Br LYO-OUT | . 4600 3500 4100 4500
Bremer R at Walloon WAL-OUT 1300 1050 1300 1550
Warrill Ck at Amberlay AMB-OUT 1900 1600 1900 2300
Eremer R at Ipswich 2CH# 2700 2350 2800 3200
. —
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Ipswich City Council Ipswich Flood Study Rationalisation Project
Phase 3 - Monte Carlo Analysis

Comparing the results in Tables 5 and 6, it can be seen that there is a significant
increase in the peak flow statistics for the lower Brisbane River locations (21% to
38%) when only the 30 hour duration storms are used, but a much smaller increase
for the tributary stations (5% to 10%).

Distributions for the 30 hour only storms are given in Figure 17. Comparison of
Figures 13 and 17 shows that excluding the 24 hour storms from the analysis for
the tributarles Is detrimental to the spread of values obtalned and that this should
only be done for the lowet Brisbane River locations.

Table 7 gives the final results ustng the 30 hour storms only for the latter and the
combined 24 and 30 hour storms for the remaining locations.

Eriskane River RAFTS Maode!
Monte Carlo Simutation (Pre Derms Case)
30 Hour Stonms only
Commwergaence of Running Meana

&.00% . S

—-4,00P% V — s R et Ecrverest Dom
—— Bris Ftet Viverios Com
Lot O s Lyrrm Br
-B8.00% — WS Tarp Sorage Lockyor/Brs i
1 —— Briz Rat Sarvages Oossing
I —— Exix Rt Moooi
80084 4 ~—— Bracar Rt AWsioon
! Vil Ok st Arrbociey
H Purgs Ok at Loarmsice
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Figure 16 Convergence in Running Means 30 Hour Storms only
{Pre- Dam Scenario)
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Ipswich City Council Ipswich Flood Study Rationalisation Project
Phase 3 - Monte Carfo Analysis
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Figure 17  Distributions of Peak Flows at Key Locations from Monte Carlo Simulation (30 Hour Storms only)
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Ipswich City Council ‘ Ipswich Flood Study Rationalisation Project
Phase 3 - Monte Catlo Analysis

Table 7 Adopted Peak Flows at Key Locations from Monte Carlo
Simulations (Pre- Dams Scenario)

. ' NO DAMS SCENARIO
Locatlon . ... . e RAFTS Node Peak Flows in Cumecs

' Mean | 5%CL | Medlan | 95%CL
a) Brisbane River {50 Trials 30 hour duration only)

Bris R at Savages Crossing SAV-OUT 13800 12500 14000 14800
Bris R at Mgggill JINZ#H 12800 11300 13000 13700
Bris R at PO Gauge POG-OUT 12800 11300 13000 13700
b} Bremer River & Lockyer Ck {100 Trials 24 and 30 hour durations

Lockyer Ck at Lyons Br LYQ-OUT 3800 2500 3800 4600

Bremer R at Walloon WAL-QUT 1200 920 1200 1500

Warrill Ck at Amberley AMB-OUT 1800 1300 1750 2200

Bremer R at Ipswich 2CH# 2600 2000 2550 3100

i

In respect of the other parameters varled In the Monte Carlo analysis, Figure 18
shows the relationship bebween peak flow at Savages Crossing and the initial loss
value used in the trial. This shows that, whilst peak flow decreases as initial loss
increases as expected, the relationship is weak for the 30 hour storms In particular
and has a greater impact In respect of the 24 hour duration storms.

Br{sbana Fiver Fafts Modal
Monte Carlo Simulation (Pre Dams Case)
24 and 30 hour stormms
Scotter EXagram of Pealk FLow al Savages Crossing va Inltial Loss
15000 -
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Figure18 Peak Flow at Savages Crossing vs. Initial Loss
(Pre-dams)

Figure 19 shows the effect on the peak flow at Savages Crossing of the assumed
varlations in storm spatial distribution as described In Section 6.2 hereof. It can be
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Ipswich City Council . Ipswich Flood Study Rationalisation Project
: Fhase 3 - Monte Carlo Analysis

seen from Flgure 19 that the modelled variations in storm spatial distribution
resulted In changes In peak flow at Savages Crossing of +5% to -8% In mean and
+15% to -12% in the median.

Flgure 20 shows the effect on the peak flow at Savages Crossing of the assumed
variations in storm temporal distribution as described in Section 6.3 hereof, It can
be seen from Figure 20 that the modelled variations in storm temporal distrlbution
resulted in changes In peak flow at Savages Crossing of +9% to -10% in mean and
+21% to -17% In the median with higher flows using the AVM distribution and lower
flows using the ARR. distribution.

Brisbana Rivaer RAFTS Modal
Morbe Carleo Siaeslations
Bifoct of Storrm Spatial Di=tributicon
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Figure 19  Effect of Variations in Spatial Distribution on
Peak Flow at Savages Crossing (Pre-dams)
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Figure 20  Effect of Variations in Temporal Distributfon on
Peak Flow at Savages Crossing (Pre-dams)
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Ipswich Flood Study Rationalisation Project

Ipswich City Council
Phase 3 - Monte Carlo Analysis

7.3. Results for Post-Dam Scenario

In order to model the post dam scenario, the model runs were undertaken as
described in Section 5.2.2 (for the deterministic case) but with this process being
undertaken for each Monte Carlo tral. As noted in Section 5.2.2, the critical
durations were increased by the presence of the dams, so it was necessary 1o
undertake further trials to include longer durations.

The approximate exponential distribution of storm duration discussed in Section 6.1
was used to determine the corresponding number of trials for each duration given
that 50 trials had already been analysed for storm durations of 24 and 30 hours. This
resulted In 30, 20 and 10 trials for durations of 36, 48 and 72 hours respectively.

Another 60 of the original 500 trials were used for this purpose with thelr durations
changed as above, Whilst this does not strictly replicate the results from new
samples for these durations, it was Important to be able to retsin the 100 trials
already analysed and this approach facllitated this end.

Also, as the analysis to this point had shown that the spatial and temporal variation
tested did not result in significant changes to downstream flows, it was assumed that
the storm was centrally distributed and that the ARR temporal distribution applied In
all the additional trials, thereby simplifying the file editing requirements for each
RAFTS model run. Variations in initial loss and reservolr starting levels were retained,

Table 8 summarises the results of this analysis.

Table 8 Summary of Peak Flows at Key Locations from Monte
Carlo Simulations (Post - Dams Scenario)
) N RAFTS . WITH DAMS SCENARIO
Lacation Node
i ' Trials 1 - 160
Peak Flows in m/s
Mean | 5%CL | Median | 95% CL
Brisbane River
Savages
Crossing SAV-OUT 4500 2400 4200 69200
Moggill JIN# &3 4400 3200 4300 5800
Port Office
Gauge POG-OUT 4400 3200 4300 5800
Note: CL is Confidence Limit

For the post-dams scenatio, the means were found to converge after about 120
trials, the large number of trials In this case being due to the inclusion of the longer
storm durations. This is shown in Figure 21,
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Figure 21  Convergence in Running Means {(Post-dams Scenario)

Figure 22 shows the distribution of the peak flows at Savages Crossing, Mogglll and
the Port Office from the 160 trials.

Comparison of the distributions in Figure 22 for the post-dams case with those in
Figures 12 and 16 for the pre-dams tase shows a greater central tendency in
respect of the post-dams scenatio.

Figure 23 shows scatter diagrams of peak flows at Savages Crossing, Moggill and
the Port Office against the corresponding peak inflow into the temporary flood
storage at the Brishane RlverfLockyer Creek confluence and shows the storm
duration of the individual trials. These show a reasonable spread across the range of
storm durations.

Figure 24 shows the relationship between peak fows at Savages Crossing and the
Initial loss values used in each trial, from which it can be seen that there is no clear
relationship in this regard.

Figure 25 shows the relationship between peak flows at Savages Crossing and the
dam airspace at the start of each trial {combined alrspace in Wivenhoe and Somerset
Dams). 1t can be seen from Flgure 25 that there is a relationship between the initial
alrspace and the peak flow downstream, with the latter increasing as the former
decreases as would be expected, This relationship is only significant for the longer
duration events due to their larger volumes.
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Figure 25 Peak Flow at Savages Crossing vs. Air Space (Post-dams)
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7.4.

Comparison with Results from Deterministic Analysis

7.4.1.P‘re Dams Scenario

Table 9 summarises the primary peak flow statistics at the key locatlons on the
Brisbane River and in the Bremer River catchment from both the deterministic
analysls (L.e. RAFTS muodel with fixed parameter values) and from the Monte Carlo
analysis described above, for the pre-dams case.

Figure 26 summarises the key statistics from Table 9 In graphical form.

It can be seen from these results that the deterministic values are close to the mean
and median of the Monte Catrlo results,

7.4.2.Post Dams Scenario

7.5.

Tabla 10 summarises the primary peak flow statistics at the key locations on the
Brishane River only (i.e. RAFTS model with fixed parameter values) and from the
Monte Carlo analysis described above, for the post-dams case.

The Bremer River catchment locations are not included as they are not affected by
the presence of the Brisbane River dams.

In addition to the orlginal deterministic runs, the impact of the dam airspace has
been estimated by also conducting runs with a starting storage of 50%, which is a
reasonable lower limit assumption, and 75%. It can be seen from Table 10 that this
has a marked Influence on the estimated downstream peak flows.

Figure 27 summarises the key statistics from Table 10 in graphical form.

In contrast to the pre-dams scenario, there Is a significant difference between the
deterministic value and the central statistics (mean, median) of the Monte Catlo
resuits, with the former being at the extreme end (l.e. ~ 100%}) of the distributlon of
the Monte Carlo results. The sensitivity of the peak flows downsiream to the starting
storage levels is shown by the 50% FSL. deterministic values shown in Table 10 and
Figure 27.

Sensitivity Tests
As the Monte Carle results are dependant on the assumptions made, a number of
sensitivity tests were underiaken to gauge the sensitivity to the various assumptions.

- The sensitivity of the Monte Carlo results to the varations in storm spatial

distribution, temporal distribution and duration, and to initial loss, and starting
storages in Wivenhoe and Somerset Dams have been presented In Sections 7.2 and
7.3, :

| These discussions have shown that, in respect of the pre-dam scenatios, the storm

duration is the most critical variable, and that the sensiiivity to the other parameters
is relatively low. In respect of the post-dam scenario, the peak downstream flows
are most sensitive to the starting storage levels particularly for the longer storm
durations.
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In this paragraph, the sensitivity of the results to the assumed underlying distribution
of the key variables Is investigated. This section also further considers the likely
influence of the relatively small number of trlals on the computed distributions.

Table 9 Comparison of Deterministic and Monte Carlo Results
(Pre-dams case)
Deterministic Runs
NO DAMS SCENARIO
. D
Lacation Eﬁg:s etermlinistic Bast; Runs
Peak Flows m’/s CriﬂcaL?suratIon
a) Brishane River
Savages Crossing SAV-0UT 13,100 30
Maggill JINH# 12,600 30
Part Oifice Gauge POG-QUT 12.600 30 .
b} BEremer River/Lockyer
Ck
Lockyer Ck at Lyons Bridge | LYO-QUT 3,900 24
Bremer R at Walloon WAL-OUT 1,200 24
Warsill Ck at Amberley AMB-OUT 1,700 30
Bremer R at Ipswich 2C# 2,500 30
Monte Carlo Runs
Trials 1 <100
RAFTS
Location Node Peak Flows in m%s
Mean 5% CL Median 95% CL
Savages Crossing SAV-0UT 13,800 12,500 14,000 14,800
Moggill JIN R 12,800 11,300 13,000 13,700
Port Office Gauge POG-0OUT 12,800 11,300 13,000 13,700
b} Bremer RiverfLockyer
Ck .
Lockyver Ck at Lyons Bridge |  LYO-OUT 3,800 2,500 3,900 4,600
Bremer R at Walloon WAL-OUT 1,200 200 1,200 - 1,500
Woarrill Ck at Amberley AMB-OUT 1,800 1,300 1,800 2,200
‘| Bremer R at Ipswich 2C# 2,600 2,000 2,600 3,100
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Table 10

Comparison of Deterministic and Monte Carlo Results
(Post-dams case)

Deterministic Runs

-+ WITH DAMS SCENARIO
Deterministic Base Runs

Sargent Consulting

?;O\Smgmt_CmMVMSMOWLIM\MSMHNWWﬁM.mnMI.doc

RAFTS
Location Node Peak Flows m¥s for starting storage of
100% FSL 75% FSL 50% FSL
Savages Crossing SAV-0UT 9,300 6,400 3,700
Moggill JIN#HE 7,300 4,800 4,100
Port Office Gauge POG-OUT 7,300 4,800 4,100
Monte Carlo Runs
Trlals 1 -160
Location RAFTS 3
Node Peak Flows Ih m'/s
Mean 5% CL Medlan | 95% GL
Savages Crossing SAV-OUT 4,500 2,400 4,200 8,900
Moggill JINEHE 4,400 3,200 4,300 5,800
Port Office Gauge POG-OUT 4,400 3,200 4,300 5,800
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7.5.1. Distribution of Storm Duration

This analysis has shown that for the pre-dams scenario, the 30 hour storm duration s
critical for peak flows in the Brishane River downstream of Wivenhoe. However, for
the post-dams case, 36 hour storm duration was found to be critical for Savages
Crossing and 72 hours for Meggill and the Port Office,

In determining the relative number of trials for the various storm durations, an
exponential distribution was assumed (see Section 6.1, Figure 6). The effect of
this assumption was tested by assuming the mean values for each duration were the
same as found from the varous trials, but that the refative number of trials was
varied.

Table 11 summarises, the mean peak flows from the Monte Carlo trials (post-dam)
for Savages Crossing, Moggilt and the Port Office for the range of storm durations
tested.

For example, at Savages Crossing, these vary from 4,000m?s for 24 and 30 hour
storms to 6,100m’/s for 72 hour storms. The overall mean from the Monte Carlo
analysis based on 160 trials was 4,500m?/s.

Table 11 also shows thet if the number of trials were the same for each duratlion,
the overall mean for Savages Crossing would increase to 4,900mY/s, an Increase of
9%. This would be an extreme case, as It is generally accepted that there are fawer
long duration events than short to medlum duration events. Hence, it was
considered that If the assurned distribution were In error, the magnitude of the
impact would be a maximum underestimation of the mean of the order of 10%.

Table 11 Summary of Peak Flows for various Storm Durations
(Post-dams case)

Mean Peak Flow (cumecs) at
Storm ’ Bris R at Bris R at
Duration No Samples Savages Bh’:: Riﬁt PO
Hours . Crossing a9 Gauge
Hours SAV-OUTE JIN#EE [POG-0OUT)
24 S0 4000 4000 4000
30 50 4000 4000 4000
36 30 5200 4700 4700
20
48 5100 4800 4200
I 72 10 6100 5800 5800
Overall Mean 160 4500 4400 4400
VWeightaed mean 4500 4300 4300
IMean if equal no of samples 4900 4700 4700
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Phase 3 - Monte Carlo Analysis

7.5.2. Distribution of Starting Storage .

The storage levels in Somerset and Wivenhoe Dams at the beginning of each trial
event were assumed to be rectangularly distributed between limits of 50% and 100%
of the capacity at full supply level (FSL), and that there Is a correlation between the
two values of 50%.

Under this assumed distribution, every storage value is equally likely to occur as any
other within the assumed range. Under the 50% correlation, there Is a tendency (but
not a strang tendency) for both dams to be relatively full or relatively low at the same
time.

The deterministic runs with 100% and 50% starting storage represent extreme
values (excluding for the moment the effect of the other variables). From Table 10
and Figure 26, these gave peak flows at Savages Crossing of 9,300m%s and
3,700m?/s respectively, with corresponding values at Moggll and the Port Office
gauge of 7,300m>/s and 4,100m>/s respectively.

These values slt at percentiles of 100% and about 30% of the Monte Carlo
distribution for Savages Crossing, and 100% and 50% for Mogglll and the Port Office.

If a different distribution of starting storages had been assumed, the upper values
would still be 100%, but the 50% full value would vary to some degree. If the
starting storage distribution were blased towards the high end of the range, the
Monte Carlo means would be higher and vice versa. Whilst further trials would be
required to fully test this effect, it is considered unlikely that this would result in a
significant change to the central statistics,

The lower Himit of 50% storage is considered reasonable, and s conservative in light
of the current operational conditions (below 40% as at September 2005). If a lower
kmit were used, this would reduce the overall mean values from the trials,

The actual historic distribution of starage levels at Wivenhoe was analysed to check
the reasonableness of the assumed distribution. Flgure 28 shows the distribution of
storages on the 1% December each year omitting the Initial 2 years in which the
reservoir was filing, the level at 1st December being a reasonable guide to that at
the beginning of the flood season.

It can be seen from Figure 28, that the variation In storage on 1* December over
the perfod 1988 — 2003 was from 49.3% to 100% of capacity at FSL, with a mean of
80% and median of 82%, These are in good agreement wit hthe assumed range of
509% to 100% with 75% mean.
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04884 o - 1.0049

. Figure 28 Historic Records of Wivenhoe Storage on 1% December
for 1988 - 2003 :

7.5.3. Number of Trials

As discussed In Sections 6 and 7.1, time and budget constraints on this study
dictated that enly a relatively small number of Monte Carlo trials could be undertaken
due to the time required to edit the RAFTS data files for each trial.

It was demonstrated in Sections 7.2 and 7.3 that satisfactory convergence of the
distribution mean peak flows at various key locations was achleved within 70 trials for
the pre-dam scenario and 120 trials for the post-dams scenario (due to inclusion of
longer durations} with only about 0.3% varlation in the means occurring with
subsequent trials. It was concluded from this that the use of 100 trials and 160 trials
for the pre-dam and pest-dam scenarios respectively should be satisfactory in this
regard.
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7.6.

Comparison with Results from Recent Studies

The most recent deslgn flow estimates from other studies were summarised in
Section 3 hereof. In this section, those flow estimates are compared with the
results from this study.

7.6.1 Lower Brisbane River

Tables 12 and 13 tabulate these results for the pre-dams and post-dams scenarios
respectively.

In respect of the pre-dams scenarlo, the results from the Monte Carlo analysis are
higher than those recommended in the Independent Review Panel (IRP) Report, with
a “best” estimate of 14,000m3/s at Savages Crossing compared to the IRP value of
12,000m’/s. This result is within the fikely upper bound suggested by the IRP, so is
consistent with these findings.

The likely range s now estimated to be 12,500m3/s to 15,000m>/s compared to
the previously estimated range of 10,000m’fs to 14,000m’/s.

The corresponding vaiues at Moggill and Port ORlice are 13,000m?/s from the Monte
Carlo analysis compared to 12,000m%/s In the IRP report, within 2 range of
11,000m3/s to 14,000m’/s compared to the previously estimated range of
10,000m%s to 14,000m’fs,

The resuilts from the deterministic mode! runs of 13,000m’s at Savages Crossing and
12,500m/s at Mogolll and Port Office are consistent with the TRP comment that the
RAFTS modelling estimates in SKM {2003} were considered to be about 20% low.

. The new rasults resclve this anomaly.

In respect of the post-dams scenarlo, the results from the Mante Carlo analysis are
about 10% lower than those recommended in the Independent Review Panel (IRP}
Report, with a “best” estimate of 4,500m%/s at Savages Crossing compared to
5,500m’fs. The llkely range of this estimate is considered to be 2,500m’/s to
7,000m3/s compared to the previously estimated range of 4,000m*/s to 6,500m’/s.

The corresponding values at Moggill and Port Office are 4,500m?/s from the Monte
Carlo analysis compared to 5,000mfs in the IRP report, within a range of
3,000m?/s to 6,000m®/s compared to the previously estimated range of 4,000m’/s
to 6,000m?/fs.

Glven that the current analysis has explored a number of the uncertainties remaining
from the previous studies noted in the IRP report, the current results should be given
greater weight particularly In respect of the post-dams scenarlo, and should replace
the previous estimates in design studies.
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Table 12 Comparison of Results Pre-Dam Construction
, Estimated Qo Peak Flow m*/s L
Source Method - . Location . Best Lower Upper Comment
L | Estimate Bound Bound
Savages Crossing 13,000 N/A N/A
RAFTS Mateling —Deterministc [~~~ —— - ;’g;‘,’féz‘lf ower bounds not
Current Study a0 ce 2,500 N/A N/A
Monte Carlo Modeiling with Savages Crossing 14,000 12,500 15,000 Lower and upper bound taken as 5%
RAFTS Moggill, Port Office | 13,000 11,000 34,000 | 2" 95% confidence fimits
SKM (2003) and Independent . R
Review Panel Report to BCC Flood Fraquency Analysis Savages Crossing 12,000 16,000 14,000
{2003} - n
RAFTS . Savages Crossing Estimates considered to be low by
- Modelling Moggfl, Port Office 10,000 8,000 11,000 Independent Review Panel
SKM (2000) Ipswich Rivers Fiood
Study RAFTS Modelling ~Deterministic Moggil 13,700 N/A N/A
Table 13 Comparison of Results Post-Dam Construction
) Estimated Q,0 Peak Flow m’/s |
Source Method Location Best Lower Upper Comment ~
Estimate Bound Bound a L
S ) 6.500 4000 9.500 “Best” estimate based on 75% initial
N o1 avages Crossing ’ v , storage, and upper and lower bounds
RAFTS Modeling ~Deterministic . on 100% and 50% respectively
Current Study Moggill, Port Office 5,600 4,000 7,500
Monte Carlo Modelling with Savages Crossing 4,500 2,500 7,000 Lower and upper bound taken as 5%
RAFTS Mogaill, Port Office 4,500 3,000 6,000 and 35% canfidence lirmits
SKM (2003) and Indeperxient RAFTS Modelling Savages Crossing 5,500 4,000 6,500
Review Panal Report to BCC
{2003) Maggill, Port Office 5,000 4,000 6,000
gg-; ézooo) Tpswich Rivers Floed | p e Modelling ~Deterministic Moggil 8,100 N/A N/A
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7.6.2.Bremer River

In respect of the Bremer River caichment, Table 14 shows the comparison between
the results from the current analysis and from previous studies. These results are
not affected by the Brishane River Dams.

As mentioned in Section 5.2.1 hereof, the results from this study are applicable only
to those locations in which the critical duration is 24 hours or greater, ‘

There Is good agreement between the mean and medlan values of the Qg peak
flows from this study for the deterministic and stochastic (Monte Carlo) analyses.

For the Bremer River, the “best estimates” were 1,200m>fs and 2,600m?/s for the
Bremer River at Walloon and Ipswich respectively. The estimated likely ranges for
the above were 900m®/s to 1,500m%/s and 2,000m’/s to 3,100m?fs
respectively.

Similarly, for Warrill Creek at Amberlex, the “best estimate” was 1,800m*/s with a
likely range of .1,300m3{s to 2,200m>/s.

SKM (2000) gave Qpeo values of 2,600m?/s for Warrill Creek at Amberley and
3,200m%/s for the Bremer River at Ipswich. These values are 30% and 20% higher
respectively than the new estimates. This is consistent with the findings of Sargent
Consulting (2003) and ICC’s bellef that the former estimates were too high.

Conclusions

The analysis has shown that even with a relatively small number of trials, & Monte
Carlo analysis was able to refine both the central estimates and likely range of key
design values and to reduce the uncertainty in these estimates. It is considered
unlikely that further trials wilt significantly influence the results obtained.

It is acknowledged that there were limitations to the analysis which were necessary
due to time and budget constraints. These limited conslderation to the range of
outcomes from 100 year ARI catchment rainfalls, rather than from the entire
distribution of rainfali events.

Nonetheless, this provided a direct comparison with results of previous studies which
were also limited in this way,

The results from the Monte Carlo analysis were generally consistent with the
recommendations in. the Independent Review Panel Report (Mein et al 2003), and
have refined both the central flood estimates and the confidence limits, or likely
range of the flood estimates.

In respect of the Bremer River and Lockyer Creek catchments, the Monte Carlo
analysis results were 20% - 30% lower than those in the Tpswich Rivers Flood Study
(SKM 2000).

The review of the RAFTS model with deterministic inputs resolved the anomaly
between the RAFTS modeliing and flood frequency analysis from SKM (2003) noted in
the IRP report, and hence it was considered unwarranted to undertake the frequency
analysis of flood volumes listed in Section 4 hereof.
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Spedific conclusions were as follows:

% In respect of the pre-dams scenarfo, the “best” estimate of Quee Peak flow at
Savages Crossing was 14,000m®{s within a range of 12,500m%/s io
15,000m3/s (compared to the IRP value of 12,000m’fs, within a range of
10,000m’/s to 14,000m/s); .

“% In respect of the pre-dams scenario, the “best” estimate of Qoo peak flow at
Moggill and the Port Office was 13,000m3/s within a range of 11,000mfs to
14,000m%/s {compared to the IRP value of 12,000m’fs, within & range of
10,000m’%s to 14,000m¥/s);

% In respect of the post-dams scenario, the “best” estimate of Qg0 peak flow at
Savages Crossing was 43,500m3ls compared to 5,500m’s, within a range of
2,500m3/s to 7,000m?3/s compared to the IRP value of 5,000m%s within a
range of 4,000m?s to 6,500m>s;

¥ The corresponding post-dam values at Moggill and Port Office are 4,500m3/s ,
within a range of 3,000m/s to 6,000m%/s compared to the IRP value of
5,000m?/s within a range of 4,000m/s to 6,000m%/s;

% For the Bremer River at Walloon, the "best estimate” was 1,200m?fs, within a
range of 900m?/s to 1,500m%/s;

%+ For Warrill Creek at Amberlay, the “best estimate” was 1,800m%/s, within a
range of 1,300m%/s to 2,2060m*/s compared to the previous estimate (SKM
2000) of 2,600m3/s; and

** For the Bremer River at Ipswich, the “best estimate” was 2,600m%/s, within a
range ¢f 2,000m*/s to 3,100m*/s compared to the previous estimate (SKM
2000) of 3,200m3/s.

9. Recommendations

It is recommended that the estimates of Q,qp design flows preduced from the Monte
Carlo analysis described in this report In respect of current catchment conditions be
adopted as the basis for Inputs to the hydraulic modelting component of this and. the
parallel BCC study to determine design flood levels and fload inundation mapping.

The following, which were beyond the scope of the cuirent study, are recommended
for conslderation for further work:

% Extension of the Monte Carlo analysis to the Qy event which is stil} an important
land use planning criterion for ICC; and

* Investigation of the sensitivity of RAFTS madel results to the lumped conceptual
storages in the model, particularly those at the Lockyer Creek/Brisbane River and
Bremer River/Brishane River confluences, and if found to be warranted,
recalibration of the RAFTS model.
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Table 14 Comparison of Results Bremer River Catchment
) Estimated Qu Peak Flow m/s
Source Method Location Best Lower Uppar Comment
Estimate Bound Bound
Bremer River at Walloon 1,200 NSA /A Upper and lower bounds fot
RAFTS Modelling —Deterministic Wartill Creek at applicabie
Amberley 1,700 NfA N/A
Bremer River at Ipswich 2,500 /A N/A
Current: Study Eremer River at 1 200 500 + 500
Walloon 4 ol
Monte Carlo Modeltling with Warrill Creck at Lower and upper bound taken as 5%
RAFTS Ambetey 1,800 1,300 2,200 and 95% confidence liits
Bremer River at
- ich 2,600 2,000 3,100
) Warrill Cresk at
SKM (2000) Ipswich RVers Food | e viodeling ~Determiistic Amberley 2600 N/A NfA Upper and lower bounds not
Study Bremer River at Ipswich 3.200 N/A N/A applicable

Sargent Consulting

?,%sawtwmmﬁnmammeMmemwmeMmm

51




Ipswich City Council Ipswich Flood Study Rationalisation Project
. Phase 3 - Monte Carfo Analysis

10. References

BUREAU OF METEOROLOGY (2004) Generafised Tropical Storm Method - Gulde to
the Estimation of Probable Maximum Precipitation

CARROLL D, RAHMAN A (2004) Investigation of sub-tropical rainfall characteristics for
use in the joint probabifity approach to design flood estimation paper presented to
AOGS 1* Annual Meeting/2™ APHW Conference, Singapore

HALLIBURTON KBR (2002a) Local Storm Flood Mapping - Anal Report prepared for
Ipswich City Council

HALLIBURTON KBR (2002b) fpswich Rivers Flood Study Phase 32 - Final Report
prepared for Ipswich City Council

HOANG T, RAHMAN A, WEINMANN E, LAURENSON E, NATHAN R (1999) Joint
Probability Descriptions of Design Rainfalls International Hydrology and Water
Resources Symposium, IEAust, Brisbane

INSTITUTION OF ENGINEERS AUSTRALIA (1987 and updates) Australian Rafnizl and
Runolf — A Guide to Flood Fstimation

MEIN R, APELT C, MACINTOSH ), WEINMANN E (2003) Review of Brishane River
Flood Study ~ Independent Review Panel Report prepared for Brisbane City Council

PALISADE CORPORATION (2002) Guide to Using @RISK - Risk Analysis and
Simtdation Add-In for Microsoft Excel , Newfield NY

RAHMAN A, WEINMANN E, HOANG T, LAURENSON E, NATHAN R (2001) Monte Carfo
Simulation of Flood Frequency Curves from Rainfali Cooperative Research Centre for
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Ipswich City Council Ipswich Flood Study Rationalisation Project
Phase 3 - Monte Carlo Analysis

Appendices

Appendix A Catchment Map

Appendix B Summary Output from Monte Carlo Trials

Noi:e:

The following notes apply to the tabulated results in Appendix B

% The tables have been sorted into blocks of storms of the same duration

%+ The order of the original samples is given by the trial number

%+ The spatial distribution is shown as: :

O Central — storm centrally focated over whole catchment

O SS - storm centrally located over Stanley River/Somerset
Dam sub-catchment

0 UB - storm centrally located over Upper Brisbane River
sub-catchment

O LY - storm centrally located over Lockyer Creek sub-
catchment

O LB - storm centrally located over Bremer River/Lower
Brisbane River sub-catchment

+ The temporat distribution is shown as:
O ARR - as given in Austratian Rainfall and Runoff (Zone 3)
O AVM — Average Variability Method as per the Bureau of
Meteorology’s Generalised Tropical Storm Method (GSTM)
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Ipswich City Councll

Ipswich Flood Study Rationalisation Project

Appendix A

FPhase 3 - Monte Carle Analysis
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Tpswich Oy Councl Tpswich Flood Study Rabonalisation Project
Phase 3 - hlonte Carlo Anafysis

Appendix B Monte Carlo Analysis Results
a) Pre- Dams Analysls

RAFTS Resulls "No Dams”® Peak Flows at
Storm

WS Temp
Trial Chiralion Spatial | Temporal ] Initlal | Gris Ral | Bris Rat | bockyer Briz Rat | Bris Ral Biis it at | Bremar Rl Bris R at

Slorage
No EMst Paltem  |Loss mm| Somersel jWivenhoe] Ckat Savagesi ML p . FO
Hrs D 0 Lyons Br Lot:;y;:m Crossing | Crost ngglll at Ipswich{ Jindales Ga
SOM-OUTIWIV-DUT | LYO-OUT] SAVID {SAV-QUT MTC-OUT]  JINS#HE 2C# | JIN-DUT [PDG-O

87 2 | Central | ARR 131 ] 2030 | 10490 § 3794 | 14440 | o438 | 9453 | 8356 | 23830 | 8367 | 8357
53 24 | Central | ARR 59 | 3003 | 10281 { 3668 | 14180 [ 9148 | 93 | Y61 | 230 | 8162 | 862
5 24 | Cenlral | ARR 193 | 296t | 10004 | 3482 | 13803 | 68920 | 8033 | 8022 | 2269 | 8023 | &0
82 24 | Cenlral | ARR 48 | 2781 8512 64 | 11495 | T84T | TBoT | T4 | 19860 7 T4 | TN
4 24 | Central | ARR 36 35T | 0130 § 4227 | 5285 | 10205 | 10226 | 9098 | 2472 8099 | 9099
4 24 1 Cenfral | ARR 105 ¢ 2064 | 10657 § 3808 | 14683 | 9653 | 9668 | 8580 | 2385 ] B560 | 8560
25 24 pCenlcal | ARR 149 | 3013 | 10381 | 374 | d277 | Sa67 | 930t | 8109 | 23 g200 | 8200
9% H# | Cenlial[ ARR 7 | 2004 ) 10225 § 3624 | 14096 | Gf24 } 9838 | B181 | 23100 | 8132 | 8132
61 24 | Cenbral | ARR 200 | 2050 | ooy 3472 | 13785 | 8910 | 8923 | BOYS | 22660 { BOf6 { 8016
B2 24 | Central | ARR 264 | 2891 9549 3203 | 13213 | 8626 | 8637 | 7813 | 21890 | VA4 { 7814
64 4 | Central | ARR M4 ] 2840 | 9193 | 2095 | 12775 [ B405 | B47 | 7656 | 21320 | 7658 | 7658
40 24} Central | ARR 466 | 2952 | B4%5 | 2393 | 19320 | V6 | YRET | 7229 | 1868 | 720 | 2%
i 24 | Cenisal | ARR 114 | 3047 | 10606 | 3867 | 14584 | 9579 | 9504 | 8490 { 234 | 8408 8451
97 24 | Central | ARR 168 [ 2903 | 10218 | 3517 | 14084 | 9714 | D126 | 8127 | 23080 | 8126 } 8128
LAl 24 | Central | ARR M7 | 2952 | 9944 § M4t | 13Me | 6678 | 6601 | 7092 | 22560 1992 | vem
10 26§ Contral | ARR 280 | 2876 | 94 3135 | 13070 | B554 | BSGT | TI6I | 247D | VG4 | 964
19 2 | Centil | ARR B4 | 2re0 | 8826 | 209 | 42102 | BI04 | BMB | 7446 | 2053 | 7447 | 1447
42 24 | Cenlral | AVM A 3469 | 12327 | 4275 | 1623 | {0865 | 10878 | W79 ) 2724 § SO | 9319
&8 24 | Cenlral | AWM 83 3459 | 12215 | 4257 | 16144 | 10796 | 10810 | 9303 | 27140 | 9304 2304
50 2 | Centeal | AVM 92 3451 | 12236 ¢ 4245 | 16077 | 10749 | 10761 | 9249 | 06 | 9250 | 9280
i 24 | Central | AVM 06 | 3348 | {1642 | 4023 ] 15117 | 10018 | 10020 | 8466 | 25920 | 8464 | B46G
100 24 | Central | AWM 247 | 3338 14580 | 4001 | 5033 | 9943 | 9953 | 8384 | 25000 | 6384 8384
18 24 | Cenlral | AVM 313 | 3289 | 14244 | 3865 | 14561 | 9542 | 9553 | 6080 | 25950 | 6090 | &040
] A L8 ARR 74 2935 | 10309 { 3824 | 14957 | 9255 | @2Ti | 8617 | 204 8618 | 8618
1 4 [1:] ARR 116 | 2893 | 10030 | 3641 | 13804 | 68946 | 8961 | 6313 | 2685 | 83i4 § B34
48 24 L8 ARR 2 | 2693 | 62 202 | 12004 | B0G9 | BOTT | TE09 | 2432 | 7610 | 7e10
b6 bi] LB AVH 0r 86 | 11687 | 4131 | 15857 | 10555 3 10567 | 9534 | 31440 | 9535 | 953
23 P LB AWM 12 3429 | 19733 | 4057 | 15445 | 10212 | 1024 | 136 ! 3092 | 9136 | 913
65 bl 18 AWM 18 3422 | 14708 | 4047 | 15370 § 10476 | 10186 | 0096 | J087.0 | G0 | 9009
&6 24 LB AW 102 | 3394 | 1604 | 4092 | 15189 | 10040 | 10052 | 8944 | 30660 | 6944 8044
%0 24 LB AVM 208 | 3266 | 11050 | 3000 | 44254 | 0327 | 9336 | 6204 | 20530 | 5205 | 8205
15 4 B AWM 205 | 3259 | #1062 | 3RS | 14105 | 9280 | 8200 | 8180 § 28520 { Bis§ 818t
67 ) iB AWM 209 | 3158 | 10488 | 3565 | 13466 | BBO3 | BBI3 | 7928 28560 | 7928 { Vo8
4 ) LY ARR 94 2042 ) 10267 | 4698 | 15158 | 9800 | 9905 | 0880 | 2308 | o6 8681
18 24 LY ARR 110 | 2865 | 978 | 4360 | 4471 | 9282 | 9206 1 8136 | 2214 B136 | B1%
B4 24 LY ARR I S T 360 | 13472 | 8659 | 8670 | 78y | 20830 | 7783 | 7Rl
8.1 LY AWM 64 3341 | N80 | 5003 | 6499 | 1072 3 11084 1 9486 | 2634 9486 1 9487
44 24 LY AVM 479 | 2048 9445 | AD12 | 2841 | 8506 | 8596 | 7488 | 2479 | 7490 | 7490
60 bl 58 ARR 64 Bt ] 11422 § 38 [ 15183 | 104 | 0221 § 6048 | 23120 | 8949 | 804D
68 M 85 ARR 88 3543 | 19198 | 3562 | 14683 | 9028 | 9944 | 6683 | 22600 | &eM 8684
2 24 55 ARR. 160 | 74 | 10748 { 3377 | 14312 | B303 | 0413 | 886 | 2102 3 $186 | 8186
45 24 88 ARR 205 1 3333 | 8% 2805 | 13061 | 6586 | BGG® 1 TA3R § 2029 | U6 | 7736
A 2 88 ARR 364 1 3263 | 9363 | 2528 | 12447 ) G279 | 8200 | 7H26 | 1952 | TS6 | 75
30 bl 88 ARR 1} 3B | 9 2502 | 12352 | B249 | 6280 | 7505 | 146 | 7506 | 7506
4 24 88 AV 56 4003 | 12780 § 4020 [ 16447 | 11114 ) 11927 |. 5558 | 2688 | 9558 | G658
74 24 85 AvM 84 3078 | 12689 | 3985 | 16260 | 10678 | 10890 | 5405 | 25780 | 8405 | 9405
9 bi) 85 AVM 80 3970 | 12628 | 3073 | 16188 | 10929 | 10941 | 8351 | 25710 | 93si 934
28 Pi) 88 A 253 | 3803 { 11733 ] 3635 | 14733 | 9654 | 9465 | 6196 | 2408 | 8188 | 6198
55 A 55 AV 274 | 6T } 11596 | 3a78 | 14552 | 9698 | G700 | #1256 | 2386 | 6126 | 8126
82 A 55 AVM N3 | 360} 11338 | e8| 14155 § 8395 | G404 | 7002 | N0 | 7993 | 7843
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Ipswich Gty Councit

Ipswich Fiood Study Rationalisation Project

Pre- Dams Analysis (Contd)

Phase 3 - Monte Carlo Analysis

RAFIS Resulls "No Dams” Peak Flows at
Trial Dﬁ::‘;f'g" Spatial | Yermporal | Initiat { Bris Rat | s Rat| Lockyer “g“’“” BrisRet | BisRst| oo o foerrl e | BEER 2
Mo Ty | Dist | Patem JLossmm s"g‘;’“ W‘;Z‘:ﬂ“"a Lyi:::lar Loge::a 2‘;:3:; (:l:gby Magglit |at ipswich| Jindales G:?g .
SOM-OUTIWIV-OUTLYO-OUT) SAVID |SAV-0UT WTC-OU| IR | 264 | IN-0UT oo 0
1 % B ARR &6 2036 | 1126 | 2780 | 1508 | 10081 10076 | 8754 2310 8ra2 8192
o8 24 us ARR pEA 2850 10665 | 3305 | 14277 | @377 939 8156 | 22050 1 8157 8157
69 24 us AVM N7 | 372 | 207 | 3009 | t82r7 | 1oere 10890 | 9208 | 25780 | 908 9208
53 P UB AVM 1.7 346 | 12567 | 3044 16013 | 10882 | 10703 | 901 2548 001 9001
4 4 UB AV 34 3060 134 | u» 14252 | 9236 | 928 | 7878 2324 1877 w
M 30 I Cenlral | ARR 123 | 312 | 1090 § 377 | teor | 13000 13090 | 12464 | 24370 | 12465 | 12465
L] 30 Cenlral| ARR 188 3600 | 11044 { 3717 205 | 12920 | 12640 | 12121 | 24100 | 12122 12122
51 0 | Ceniral | ARR 321 3568 10898 | 3718 13724 | 12593 } 12609 § 11373 | 297 1374 § 11374
9§ 30§ Conlral | ARR 0 | 3865 | 1088t { aTi6 ) 13689 { 42561 12577 | 19300 § 23880 ¢ 11301 | 11301
52 30 | Cerlral | ARR 26 3628 | 1170 | 3t | 1400 | 13244 | 13069 12959 1 2487 | 12080 | 17080
32 30 [ Cenlrd| ARR 66 3622 126 | 37 14678 | 13189 | 13243 | 19784 | 2464 12165 § 12765
70 N [Cenid| ARR B3 I3 | 10918 | 376 13772 | 12637 | 12653 | 11472 2150 | 114713 | 11473
36 3B | Cerkdl| ARR M5 § 363 | 10875 | B | 1% 12549 | 12565 | 11972 | 2367 | 119M 11274
. 35 | 30 | Central| AWM 9.1 401 13061 4280 16972 | 14474 § 14400 | 13205 2898 13295 | 13295
i3 0 [ Cenid | AWM 52 4063 | 13306 | 4313 | 17389 | 14707 14814 | 13788 | 2053 | 13708 | 13700
12 30 | Centradl { AVM 163 §{ 4041 13158 | 4206 | 17088 | 14560 | s4576 3413 | 2013 | 13414 } 1434
ki 3 ) Cenlral | AVM 04 | 3974 | o650 | 4192 | 1s3s | uisa 1428 | 12009 | 2829 | 12810 | 12810
k4 W0 | Cenlrd | AWM 305 | 67 | 12508 | 4170 | 18370 4672 | 14087 | 1255 | 2821 | 17755 12155
59 30 | Cerral | AVM 28 3964 1258 | 4175 16350 | 14060 F #4075 | 42738 | 28180 § 1273n 12739
7 W} Cenlral | AVM 13 | 4054 7 13287 | 431 17242 | 14876 | 14692 | 13587 | oom 13588 | 13588
16 B | Cenbalj AWM 145 § 4053 | 13984 { 4311 17235 | 14672 | 14688 | 13581 | 293 13582 | 13582
83 30 | Cenlral | AVM 152 | 4044 ; 13192 | 4300 | 17130 | 14500 14607 13457 | 20170 | 1457 | fuds7
17 30 f Cenlral | AVM 2 | 4022 | 12084 ) 4268 | 16870 14407 | 14423 | 13201 | 2886 | 12002 13202
i 30 Conlral |  AvM 227 4013 | 12925 | 4256 16805 | 14355 | 4311 | 13131 817 13132 | 13132
9 30| Central | AVM 380 3909 12240 | 4072 15653 | 13795 | 1381 | 12357 | 2758 12358 | 12358
g 0 Cented | AV 87 4058 13334 £ 4315 | 17302 | 14735 | 14744 13674 £ 2941 13675 | 13675
3 N | Cendral | AVM 84 4058 | 13330 | 4315 § 17206 | 47 7381 13686 | 204f | 13667 | t3ss7
2 3 Cenlral { AVM 164 4049 13156 | 4296 7085 | 4557 | 14574 | 13400 | 2047 B340 | 10
49 30 | Cenkal | AVM cp 165 | 4040 | 13153 | 4205 | 17081 | 14554 14571 | 13405 T 2042 | 12408 13406
68 30 | Central | AVM B7 ¢ w0 | o807 | 4232 | 16650 | 14o51 14267 | 129% | 2856.0 | 12001 12091
n kli] k] ARR 9% 7| 349 ( 10855 3525 1 13792 | 12570 | 12594 | 12400 2010 1 12421 | 1942
58 Kl LB ARR 88 | 4 | 040 { 2524 | 19135 | 12157 121076 | 11460 | 27140 | 11461 | 11461
a5 ] iB AVM 18 3884 12740 | 4004 | 187 | 14203 4221 1 13501 | 29780 1 13502 | 4%
KX} 3 1] AWM 114 3807 | 12870 [ 4087 | 16388 | 1] 4151 1 1483 | 3088 13464 | 1Mt
. : 3 30 LB AWM 238 ] 38 | 1225 | 418 | 1583 13805 | 13623 | 12035 | s 1293 | 129%
85 30 LB AV Hi 3IST | %797 | 895 ) 15249 | 1um 13490 | 12302 | 21780 | 42393 [ 12203
46 kil 3] AVK 425 3693 | MN4 3 47§ 14503 | 13140 13208 | 11871 | 3113 118?1_ 1181
2 0 Ly ARR a5 3488 ¢ 10704 | 4246 | 14690 § 13100 13213 ] 12622 | 2364 | 12623 | 1%m
72 n LY ARR 151 478 | 10665 | 46 | 14484 { 12003 13114 | 12330 | 23400 } 12331 | 1233
u 30 LY AVM 75 3530 | 12883 | 4838 17540 | 14878 | 14805 | 1373 2844 13132 {1 1373
18 K4} LY AVM 69 1 3008 | 12650 | M8 | 17305 673 | 14689 | 13408 | 28000 13409 | 13409
m 2 LY AVM 172 ] 3906 | 12849 | 4016 | 17204 | 14685 14681 | 1339% | 28070 | 13367 13357
82 3 LY AWM 40 ¢ A 1H381 1 4636 § 15630 | 13882 | 13697 12044 | 259508 ) 19045 | 12045
8 K| up ARR 8.2 3453 | 11898 | 3544 § 14700 | 13331 13048 | 1274 § 2350 | 0775 12775
K 30 §5 ARR 248 4089 11459 | 3512 | 14508 | 13041 | 13082 1973 § 2217 | 11974 | 11974
2 3 & ARR Mo 4086 H423 | 3511 14416 § 12088 | 13090 | 118D 2273} 11881 | 11881
57 X UB ARR 40.1 391 | 1439 | 3561 13996 | 12787 { 12001 | 41150 22630 | #1151 | fHS5
¢ Ky} 85 AVM 153 4516 | 13879 | 4095 17202 ¢ 14634 | 14858 | 13406 2144 | 13407 1 107
81 k't B AVM 25 | 381 B ] 45 | 47190 | s | 44541 1305 | 27960 | 13057 | 13057
80 k'] ;) AT 287 0 13812 1 3080 17070 | 4445 | 14460 | 12050 26900 | 12052 | 12457
56
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Tpswich Gty Coundl Ipswich Flood Study Rationalisstion Project
Phase 3 - Monte Carlo Analyslc

b) Post- Dams Analysis

. Somsersat Start Wivenhos S RAFTS Rusuits “V¥iih Dams™ Pask Fipwa at
et o | o, | Spedat | rempam | 0 BdsRu WS TEMRl pamat fams Rat pue oo | Brem ar{ B2 R
Hen Disi; Feitsm 1 om ML [maHn] L m AHn pisnhes |y oopana| 30 i cr:’:w Mogglll | indales ﬂ':_?“
S N T [ i WS Ao e Ead 2
24 Cantral M 71 347053 [ 88.2 F1080H15] 662 3020 4588 4662 4287 4288 42

42

a7 24 Cantral ARR 131 | 2va77t | 863 |1008169] 662 2477 4732 4320 4334 3802 3893 3303
B3 24 Genfral ARR 150 1 378063 | 969 | 936717 | G640 2452 4560 4176 4180 3731 A arat
5 24 Cenral ARR 198 ! 211446 | 94.4 | 7o2reR | 628 bl 4111 2420 2428 336 3337 3337
62 24 Cenfral ARR 448 | 367808 | @A77 [11i3758] 665 2452 4560 4178 4180 I3 3731 3731
47 24 Central | ARR 36 | 200484 | 094.0 [1070190] 66.1 3019 5122 4561 4565 4148 4146 | 4148
a8 24 Cenlrat |  AVM 83 | 235752 | 948 1129440 667 3773 5837 5311 5316 4676 4676 4676

1 24 Cenlral ARR 105 | 284045 [ 958 | 1143827] 668 3483 5647 526 5030 4261 4262 4262
25 24 Cantral ARR 140 | 2niazt | 964 | 965046 | 649 2510 4571 4200 4207 3768 5785 3765
61 24 Genlral | ARR 2000 | 31649571 074 | 903134 | 843 1847 410z 2433 2421 3330 3332 3332
7 24 Gentral | AYM 205 | 308E5 | 97.2 [1160801] 670 3369 5433 5068 5073 4240 4241 4241
m 24 Cenfral | AWM 273 | at7EDS | 974 [ 985717 652 2300 4454 4180 4184 3648 3618 3548
B2 24 Genlral ARR 254 | 280331 | 960 | 603718 631 a 3953 2172 2178 3180 3162 3182
64 24 Centrs! ARR 314 | 191667 | D33 [1034088] 657 1897 3590 2484 2488 3478 308D Joh0
40 24 Central ARR 486 | 352616 | 883 [1151083| &89 1887 33U 2314 318 2855 2857 2857
50 2 Central | AVM 82 | 340544 | DO.0 | S06660] 643 2483 4622 4200 4204 39688 sea7 3067
7 24 Central ARR 114 | 321400 | 678 | 73dres | 622 2906 4545 4158 4161 3801 3802 3802
H 24 Central ARR 207 | 237049 | B4.S | 659644 | 612 Q 4065 2369 2397 3312 3314 3314
10 24 Cenlsal ARR 280 | 211875 | D41 | 5928484 602 1881 3738 2726 2732 3143 3144 44
19 24 Cenlral ARR 384 | 212008 | B4.1 { 1150067 669 1897 4169 3539 3543 24990 25991 2891
11 24 4]} ARR 88 | 263210 | Dad4 | 502982 | 631 2489 44719 4119 4124 3733 arad 3734
69 24 uB AVM 1.7 | 334105 | 98.1 | 690437 | @1.8 2468 4353 4163 .} 4168 3804 3505 3305
53 a4 ug AVM 14.7 | 285459 | 96.5 |1035836| 657 2597 4321 4281 4288 3848 3846 3848
4 24 ug AV 354 | aza4n7 | OT.9 |t0f4762F 656 1307 3864 3362 3386 2969 2970 2070
3 2 [Ad AVM 6.4 | aresss | £8.9 |tO72B52 662 2764 5565 5176 6188 4828 4526 46526
54 24 Ly ARR 94 | 379519 | 09.0 p1126227) 667 2847 5456 4468 4488 4331 4332 4332
18 24 LY ARR 17.0 | 284315 | 664 | 796207 | 630 2434 5092 4358 4363 3073 3974 3974
84 24 LY ARF. 277 ] 230561 | 94.7 | 1120504} 666 2249 4760 4304 4309 745 3745 3745
44 24 LY AV 479 136349 | 673 | 790896 ) 629 2415 4501 4274 4278 3547 3547 asdy
43 24 55 AvM 56 | 289845 | 965.6 | 924920} 846 668 4363 3552 3662 3870 3871 367t
60 24 58 ARR 6.4 | 331017 | 97.8 | 6847 | 617 2530 4452 4142 4147 a5t ars1 3751
T4 24 85 AVM B.1 {307783| 970 | 620823 | €06 2538 4342 4147 4161 a1z 38713 3813
68 24 55 ARR 9.8 | 193098 | 934 | 838481 | 635 2545 4522 4114 4119 3878 34678 3878
28 24 §8 ARR 16.0 | 165478 | 834 | 822743 | 646 1887 73 3345 49 17 21 3219
28 | ] AVM 253 | 357791 | 984 |t137348f 667 kikrg 5058 4650 465 3033 3034 3934
55 24 58 AV 274 | 374413 | 989 | BIT180| 638 2663 4348 40a1 4085 L) 3424 3424
45 24 55 ARR 205 | 282498 | 964 | 1147069] 658 2307 4031 3743 3748 3266 3266 3266
92 24 55 . AVM 313 | 219513 | 944 | 777180 | 628 1696 769 2241 2247 2995 2006 29596
20 24 85 ARR 84 § 201972 937 | B6IBET | B39 1897 3054 1872 1876 2740 2742 242
30 24 85 ARR 374 | 219244 | 94.3 | Bags11| 617 1855 3190 2070 2004 2723 2726 2125
G 24 4:] AVM 07 | 210832 | 94.0 | 1052061 659 2355 4822 4160 4165 4202 4303 4303
23 24 I8 AVM 7.2 | 216203 | 94.3 | 850363 | 637 2462 4421 4029 4033 4003 4003 4003
16 24 LB ARR T4 | 32384 | 970 | 664058 | G612 2429 4442 4008 4014 I7n 3880 2550
85 24 LB AV 7.8 | 251408 | 954 | 908958 ] 644 2499 4403 4044 4040 3904 3985 3995
- 24 [1:] AN 102 | 109168 | 93,7 | 735030) 622 234 4370 3860 004 3943 3044 3944
14 2 B ARR 116 | 2riB50 | 951 ) 639720 G609 2443 4397 4400 4004 arah 3TH 3
a0 24 LB AV 208 | 310608 ] 974 | 872678 | 630 2478 4233 4004 4004 3764 3765 3768
k] 24 LB AVM 205 | 372339 | 98.9 |1034402] £54 448 4265 4004 4008 3750 3751 3751
a7 24 [2:] AVM 208 | 333196 | 97.9 ]1i048%41] 658 2440 4357 3069 3994 3571 3572 3512
48 24 LB ARR 312 J 217932 | 943 | THT2BG | 610 0 X - 1977 1983 3287 3269 3269
54 30 Central ARR 123 | 230622 | 95.0 | 929720 | 648 2695 4912 4057 4081 4208 4209 4209
29 30 Cenlsal ARR 1848 | 210506 | 94.0 | 650083 | £0.2 2483 4336 3Me araz 4044 4045 4045
35 30 Cantsal AVM 194 | 376147 | 959 | 9899421 653 3374 5246 4277 41281 4478 448D 4480
51 30 Cantral ARR 327 | 267624 | 957 [ 654613 | 611 2350 4383 3645 3648 3802 3803 803
el 30 Central ARR 4.0 | 258400 | 957 | 66BSE2 | 613 2353 4385 3840 J624 3761 3782 ara2
52 n Centrat ARR 26 | ogveas | 959 | 816132 633 2450 4652 3955 3353 4465 4487 | 4467
2 30 Canlral | AVM 52 | 3670t0 | 986 |1044930] 858 4358 5348 6212 8277 BATI 5472 5472
32 20 Canftral ARR 6.6 [ 266513 | 950 | 978262 | 852 4004 5863 B572 b575 4713 4714 4744
12 3 Ceniral A 18,3 | 240944 | 951 | 63341 | 607 2455 4674 4059 4063 4479 4481 4451
31 3 Centrat AV 294 | A10754 | r.2 | 904527 | G643 2478 516 4008 4012 4164 4165 4165
39 30 Central AWM 30.5 [ 238832 | 5.0 | 600144] 602 2451 4498 7T 3981 4138 4138 4135
59 30 Central AVM 30.8 | 2423741 652 | 701974 | 618 2464 4493 3887 3591 4129 4130 4130
7 30 Caniral AVM 113 | 225445 | 948 | 07490 [ 643 2630 930 4205 4209 4587 4585 -] 4588
16 k) Central | AVMA 1.5 ] 375076 | 060 | 933886 | 647 3214 5176 4261 4265 4603 4606 4606
83 0 Cantral Avid 165.2 { 3320040 | B7.8 | 670457 | 652 3122 G318 4344 4348 4568 4568 4568
7 e Central | AVM 212 § 192341 | 033 | 836801 | £38 2488 4628 40810 4085 4368 437D 4370
1 30 Central |  AVM 227 § 318213 | 974 | 683367 | 601 2470 4600 4028 4032 4332 4333 4333
-} 30 Cenyed AVM 380 | 323735] 97.6 ( 6259411 &34 2518 4481 939 3543 3997 3998 3396
27 30 Cenfral | AVM 87 | 330080 978 | 786019 | G289 2628 4708 4104 4109 4611 4612 4612
3 0 Cantral AVhE 89 | 255377 | 556 | 650788 | 610 2444 4705 4086 4090 4607 4608 4608
24 an Central AVM 164 | 241478 | 052 | 9632211 G50 2841 | 5233 2215 4279 4526 4627 4527
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1 INTRODUCTION

Ipswich City Council (ICC) commissioned DHI Water and Environment (DHI) to
carry out a review of their MIKE11 model covering the Ipswich Rivers and
associated tributaries (The Model). The review was carried out for the separate
upper and lower models which encompass the Ipswich Rivers area. The upper model
encompasses the major tributaries of the Bremer River upstream of Amberly Airbase
whilst the lower model includes the Bremer River and a number of creek systems
that drain directly to the Brisbane River

The review was completed in May 2005 with a number of recommendations made
for updating and improving the model stability and accuracy. Upon review of the
recommendations, |CC subsequently commissioned DHI to undertake the model
update.

The aim of the model update is to implement necessary improvements and
modifications required to improve stability and improve the model performance. A
major task of the update process was the merging of the upper and lower models into
asingle model. The lower model consists of the Brisbane River flood model from
Wivenhoe Dam to the Port of Brisbane combined with the Ipswich Rivers model of
the lower Bremer River. Brisbane City Council have previously carried out some
minor updating of the Brisbane River components of this model and it was necessary
to incorporate these into the combined model to ensure that the most up to date
information available, was included in the model.

A range of modifications were proposed in order to update the model to a standard
sufficient for future flood and forecasting studies. The specific recommendations
from the model review undertaken included the following:

1. Positiona Accuracy
e Include accurate aerial photographic background image to ensure
positional accuracy of the model branches and cross sections.
2. Model Schematisation:
e Remove closely spaced grid points.
e Include Link Channels in place of artificial slots in connecting cross
sections.
e Check model chainages against registered photographic images.
e Update branch layouts where possible and cross section extents in areas
of cross section overlap in order to eliminate storage duplication.
e Divide channel and floodplain flows into separate branches for
excessively wide floodplain sections.
3. Cross Sections
e Removeal artificial dotsin cross sections.
¢ Increase the number of processed data points in some cross sections to
between 20 and 40.
4. Numerical Parameters
e Centre the numerical scheme using a delta value of 0.55.
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¢ Define a stable static initial condition to alow the model to cold start
correctly.
5. Simulation Time step
e Update model time step to between 30 seconds and 1 minute depending
on model sensitivity testing.
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2 AVAILABLE INFORMATION AND MODELS

The updating of the model was based on the following MIKE11 models:
¢ Existing Brisbane River MIKE11 model incorporating lower [pswich Rivers,
e Upper Bremer River MIKE11 model,
¢ Brisbane River MIKE11 model updates completed by Brisbane City Council.

The Brisbane River MIKE11 model which incorporated the lower Ipswich Rivers
model was provided by Brisbane City Council (BCC). This model was originally
developed by Sinclair Knight Merz (SKM) as part of the Brisbane River Flood Study
(Ref-1). This “SKM model” has recently been updated by the Wivenhoe Alliance
(Ref-4) to incorporate a range of link channels and floodplain modification to
accommodate high levels flows which occur during the Probable Maximum Flood
(PMF). The mode files supplied include:

=  Simulation File Fuse_01-la.simll
=  Network File TotalRiver4.nwk11
= Cross Sections File TotalRiver3.xns11
= HD Parameter Design_01.hd11

= Hotstart File Phase3-HS.res11

= Timestep 15 secs

=  Simulation Start 05/01/1999 00:00

=  Simulation Stop 23/01/1999 10:00

= Result File Fuse_0l-la.resll

The upper model which incorporated the upper Bremer River and tributaries was
provided by ICC. This model was originally developed by Halliburton KBR as part
of the Ipswich Rivers Flood Studies (Ref 2). The model files supplied and adopted as
the basis for this study include:

= Simulation File Ipswich_100y24h.sim11

= Network File Ipswich18.nwk11

= Cross Sections File Ipswich7.xns11

= HD Parameter Ipswich2.hd11

= Hotstart File HOTSTART_11SEPTEMBER2002.RES11
= Timestep 2 secs

=  Simulation Start 01/01/2001 00:00

=  Simulation Stop 03/01/2001 00:00

= Result File 100y24h.resll

The following additional information was supplied by BCC and ICC:

e Aeria photographs provided for the purpose of importing into the MIKE11 model
as background information.

Maplnfo line feature detailing survey cross section extents.

Maplnfo Line features detailing river AMTD lines.

Digital Elevation Model (DEM) provided in XY Z txt format.

Ipswich Rivers Flood Studies, Lower Bremer River Flooding Report (Ref-3)
MIKE11l model results files for the SKM flood study (Ref-1) calibration events
including 1974, 1983 and 1989 flood events.
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3.1

MODEL SCHEMATISATION

The updating of the model schematisation included the following elements:

Positional Accuracy;

Remove closely spaced grid points;

Include Link Channelsin place of artificial slotsin connecting cross-sections;
Check model chainages against registered photographic images,

Update branch layouts and cross-section extents in areas of cross-section
overlap in order to eliminate storage duplication; and

o Divide channel and floodplain flows into separate branches for excessively
wide floodplain sections.

Positional accuracy

To ensure that the positional alignment of the model is accurate the MIKE11 models
were digitally layered over aeria photographs imported into MIKE11. The extent of
the lower model (major river branches only) is shown in Figure 3-1.

Figure 3-1: Mike 11 model for lower reaches of the Bremer River catchment.

The AMTD and cross section survey line features were imported from the Maplinfo
GIS to MIKE11 and were used to confirm the river branch alignments and cross
sectional locations within the model.

A typical example of the layers within MIKE11l for the Warill Creek branch is
presented in Figure 3-2. The overlay clearly demonstrates the simplification and
dislocation of the model branch from the GIS data layers. The dislocation is partly
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due to atranglation of the MIKE11 model coordinates from AMG56 projection to the
recently adopted MGAS56 project system. The branch alignment was manualy
reconfigured to match the aerial photography and survey data. Figure 3-3 shows the
Warill Creek branch with the new alignment to MGA 56 earth projections.

When updating the branch alignments only the positional locations have been
modified. All cross-section chainage have been maintained where possible in order
to maintain the original model grid points. In MIKE11, cross section chainage are
used to set model grid points and the chainage have been maintained in order to
maintain compatibility between the updated model results and previous studies, and
mapping that is based in the old models.

Figure 3-2: Warill Creek Branch, original Mike 11 Model. The red lines indicate the branch AMDT
and cross section survey data and black the existing model alignment.
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Figure 3-3: Warill Creek Branch, updated model. The green line indicates the original ICC model,
respectively black and orange the updated model alignment and cross-section locations.

A summary of the branches within the lower model where alignments have been
modified is presented in Table 3-1. In al instances, the model alignment has been
altered to match the survey AMTD lines. An anaysis of the model chainages
suggests that all cross section chainages have been based on the AMTD line. The
model branch and chainage layouts are discussed further in Section 3.5.
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Table 3-1: Summary of branches that have been realigned.

Branch ID Upstream Downstream Branch Type
Chainage Chainage
(m) (m)
BUND 10615 41030 Regular
BUND# 0 90 Link Channel
DEEB 10000 19912 Regular
DEEB_LK1 0 30 Link Channel
DEEB_LK2 0 30 Link Channel
DEEB_LK3 0 30 Link Channel
DEEB_LK4 0 30 Link Channel
DEEB_LK5 0 30 Link Channel
DEEB_LK6 0 30 Link Channel
DEEB_LK7 0 30 Link Channel
GOOD 10000 16725 Regular
HWAY LEFT 0 390 Regular
IRON 10000 18584 Regular
IRON_BR1 1000 2491 Regular
LOW BRANCH1 0 480 Regular
LOW BRANCH2 0 740 Regular
PURGA 100000 102502 Regular
PWLINK1 0 1 Link Channel
PWLINK2 0 1 Link Channel
PWLINK3 0 1 Link Channel
SCH 10000 13972 Regular
SIX 9530 20235 Regular
UP BRANCH1 0 2290 Regular
WAR 100000 108140 Regular
WOOG 10000 19075 Regular
WOOG_LK2 0 30 Link Channel

3.2  Grid Spacing

There are a number of branches within the model where grid points were extremely
closely spaced. 1n some cases the distance between grid points was less than 5m.

This spacing is consistent with local storm drainage modelling but is not
recommended for broad scale flood models. The close spacing of the grid points
significantly restricts the model time step. Model grid points were analysed with
cross-sections closer than 50m being removed from the model. The exception to this
was when cross-sections were located up stream or downstream of a structure and
where cross-sections were significantly different. In these instances, the cross-
sections were not removed from the model.
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An example where branch spacing has been addressed and cross-sections removed is
presented in Figure 3-4 and Figure 3-5. Cross sections were removed from the
model at chainages 13550 and 14930m.

A summary of the lower model cross-sections that were removed is provided in
Table 3-2. A full summary of all changes made to the model with accompanying
figures detailing the origina model layout and new model configuration is provided

in Appendix A.
------------------------------------------------------------------------------- 1459
' : 1assnd
I S N 1ars0dl e
: : 12570 & : :

Figure 3-4:

1328 ¢

Figure 3.-5: “WOOG” Branch realigned model with enhanced spacing between cross-sections.

50342_Final_rev03.doc Page 12 of 38 DHI WATER AND ENVIRONMENT PTY LTD
Date: 19/05/2006
Rev: 03



Table 3-2: Summary of cross-sections removed from model.

Cross-Section
Branch Chainage
(m)
IRON 11765
IRON_BR1 2463
DEEB 16215
DEEB 16303
DEEB 16635
GOOD 14555
GOOD 14635
GOOD 14895
GOOD 14930
WOOG 13550
WOOG 14930
WOO0G 15025
WOOG 15990
WOOG 16150

3.3 Link Channels

The link channels contained within the model have been reviewed with respect to:

¢ location and alignment of the link channel;

e connection of the link channel to the main branches; and

e removing artificial slots used in connecting cross sections and replace with link
channels.

To assist with the location of the link channels, ICC provided surface elevation data
in the form of a XYZ file. The XYZ data was converted into a Digital Elevation
Mode (DEM) using Mike Zero's bathymetry editor. The DEM and aerid
photography where used as the basis for accessing and redefining the locations of the
link channels. Figure 3-6 and Figure 3-7 provide an example of the original and new
link channel configurations for the “DEEB” branch.

In some instances, the hydraulic connections of link channels to the main branches
required redefining after the model branch alignment had been updated.

A summary of al the link channels where modifications to the hydraulic connections
have been made is given in Table 3-3 and Table 3-4 below. A complete list of
changes made to the model, including detailed figures comparing the original model,
configuration to the updated configuration, is provided in Appendix A.
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Table 3-3: Summary of link channels that have been realigned.

Branch ID Upstream Downstream
Chainage Chainage

BUND# 0 90
DEEB_LK1 0 30
DEEB_LK2 0 30
DEEB_LK3 0 30
DEEB_LK4 0 30
DEEB_LK5 0 30
DEEB_LK6 0 30
DEEB_LK7 0 30
PWLINK1 0 1

PWLINK2 0 1

PWLINK3 0 1

WOOG_LK2 0 30

Table 3-4: Summary of link channel hydraulic connections.

ICC Original Model Updated Model
Upstream Downstream Upstream Downstream
Branch Connection Connection Connection Connection
Name Branch Chainage Branch Chainage Branch Chainage Branch Cha(ienag
BREI!BRIS BREM 1028190 BNE 1005870 BREM 1028190 BNE 1005325
BUND# T\I,EVI':A'IY 200 BUND 28200 T\I,Evl?'l\'( 170 BUND 28350
DEEB_LK1 BREM 1004320 DEEB 19157 BREM 1004320 DEEB 19247
DEEB_LK2 BREM 1003840 DEEB 18593 BREM 1003840 DEEB 18670
DEEB_LKS3 BREM 1003130 DEEB 17629 BREM 1003200 DEEB 17697
DEEB_LK5 DEEB 16643 SMALL 1624 DEEB 16635 SMALL 1670
DEEB_LK6 DEEB 16035 REEDY 1948 DEEB 16035 REEDY 1995
DEEB_LK7 DEEB 15692 REEDY 1529 DEEB 15682 REEDY 1542
MIHI_LINK1 MIHI 12135 BREM 1009585 MIHI 12094 BREM 1009675
PWLINK1 PURGA 100773 WAR 103831 PURGA 100432 WAR 103831
PWLINK2 PURGA 101479 WAR 104287 PURGA 101546 WAR 104444
SCH_LK1 SCH 13750 BREM 1020440 SCH 13757.6 BREM 1020450
SCH_LK2 SCH 13050 BREM 1020440 SCH 13060 BREM 1020000
WOOG_LK1 | WOOG 14000 WOOG 15120 WOOG 13995 WOOG 15150
WOOG_LK2 | WOOG 13770 WOOG 14180 WOOG 13800 WOOG 14180
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Figure 3-6: Link channel configuration for ICC original model.

Figure 3-7: Link channel configuration for updated model.

34 Model Storage Volumes and Storage Duplication

The upper and lower Ipswich Rivers models have generally been developed using
single branches which combine river channel and floodplain flows together at a
single cross section. This technique is suitable for the purposes of investigating large
over bank floods where the chainage length reflects the floodplain length. The
MIKE-11 terminology for this schematisation is referred to as FP1 (Ref 5).

In the Ipswich Rivers models (upper and lower) the chainage length is generally
based on the AMTD or low flow channel length which is significantly longer than
the floodplain length. However the model is generaly based on the FP1
schematisation technique. Consequently the MIKE11 model will amost certainly
overestimate the storage within the floodplain due to the increased length of the
floodplain.
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There is also general duplication of storage volumes in the floodplain due to the
occurrence of overlapping cross sections. The volume in a MIKEL1l modd is
represented by the surface area between consecutive cross-sections multiplied by the
depth of flow. When cross-sections overlap the surface area is duplicated and
consequently the volume in the overlapping areas is represented twice.

A typical example of overlapping cross sections and storage duplication is presented
in Figure 3-8. The example is located at the downstream end of Franklinvale model
branch.

Figure 3-8 Typical example of storage duplication where cross-sections overlap.

An aternative schematisation technique (referred to as FP4) is to divide the
floodplain and channel into separate model branches which are connected by link
channels to represent the exchange of flows between the channel and the floodplain.
The floodplain branch represents the floodplain storage and conveyance whilst the
channel branch represents the conveyance and storage of the main channel. The FP4
schematisation (Ref 5) enables the model to differentiate between floodplain and
channel levels and velocities which isimportant for flood mapping.

3.5 Model Chainages
The model chainages within the Ipswich Rivers area have been checked to ensure
that the model branch lengths accurately represent the physical branch lengths as
assessed against aerial photographic background features.

A summary of the chainage lengths is presented in Table 3-5.
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Table 3-5: Comparison of model branch chainages against physical branch length.

Original Model Branch Length Physical Branch Length (AMTD)
Upstream Downstream Upstream Downstream Chainage
Branch Chainage Chainage Chainage Chainage Difference
(m) (m) (m) (m) (m)
WAR 100000 108140 100000 108220 80
BREM 1000000 1028490 1000000 1028519 29
PURGA 100000 102502 100000 102411.8 -90.2
DEEB 10000 19912 10000 19906 -6
SMALL 1000 2128 1000 2103 -25
REEDY 1000 2139 1000 2107 -32
BUND 10615 41030 10615 41397 367
UP BRANCH1 0 2290 0 2663 373
HWAY LEFT 0 390 0 216 -174
LOW BRANCH2 0 740 0 1169 429
LOW BRANCH1 0 480 0 631 151
SIX 9530 20235 9530 20262 27
GOOD 10000 16725 10000 16626 -99
WOOG 10000 19075 10000 19232 157
SAND 10000 23900 10000 Outside Study Area -
IRON_BR1 1000 2491 1000 2488 -3
IRON 10000 18584 10000 18408 -176
MIHI_BR1 1292 2700 1292 2660 -40
MIHI 10000 13121 10000 12909 -212
SCH 10000 13972 10000 13878 -94
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3.6

Structures

A number of changes to the model were made to the structures within the model in
order to improve stability. The primary change was the updating of the structure
schematisation for the bridges crossing the Bremer River in the lower model area.

All model structures schematised as culverts and weirs were reprocessed to ensure
that the stored tabular flow relationships were based on the updated cross section
parameters. The re-processing of the cross-section is carried out automatically by
MIKE1l. The modern version of MIKE11 includes an automatic error checking
facility to ensure that each structure has monotonically increasing level and flow
relationships. A number of the relationships contained errors and were corrected by
making small modifications to the structure geometry to ensure a smooth transition
in the level/arearelationships for the structure.

The culvert and weir structure that represented the Walter Taylor Bridge at
Indooroopilly was particularly unstable and the schematisation adopted in the model
was considered inappropriate. This bridge islocated outside the study area; however
it was limiting the stability of the model. The bridge structure was therefore
removed from the model. This structure should be replaced with a MIKEL11 bridge
structure if results are to be used locally but will not have a significant impact on the
model results at Ipswich.

3.6.1 Bridge Structures
The modern version of MIKEL1l (version 2004 and above) includes a “Bridge
Structure” option within the structures routine. The Bridge Structure option is
specifically design to represent bridges which consist of abutments and piers with
simply supported bridge decks. The method replaces the traditional method of
representing a bridge using an irregular culvert and weir combination. A summary of
the bridge structures updated to the bridge option is presented in Table 3-6, and their
locations shown in Figure 3-9.
Table 3-6: Summary of new bridge structures.
Structure
Branch Chainage Description
(m)
BREM 1008400 Hancock St
BREM 1004600 One Mile Bridge
BREM 1006500 WULKARAKA RAIL
BREM 1012060 David Trumpy
BREM 1023500 Wareggo H'Way
BREM 1011800 Railway Workshop
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Figure 3-9: Location of new bridge structures (shown in green) on the Bremer River.

The bridge structure has a range of alternative solution schemes for determining
hydraulic characteristics. The Energy Equation method for bridge structures was
adopted and is consistent with the HEC-RAS modelling of the bridge structures that
has been used previously to assess head losses at bridges.

The Energy Method will improve the modelling and stability of bridges where there
is little or no contraction and expansion losses under the bridge. The typical bridge
setup that has been adopted in the updated model is presented in Figure 3-10.

Figure 3-10: Typical bridge structure setup in MIKE11.
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3.6.2 Western Creek Branch
The schematisation of the structures in the RailNorth and Rail South branches within
the Western Creek area were a major source of instability in the upper model areas,
and it was necessary to make significant adjustments to the model in thisarea. The
following adjustments were made:
e Cross-sections in al link branches were reduced from 4 sections to 2
section per branch.
e Cross-sections on link branches were schematised as trapezoidal sections
(In the existing model, these sections were copied from the main branches
and were considered inappropriate).
e Inverts of cross-sections on link branches were matched to inverts of the
main branch connection points.

The following link branches in the Western Creek area were adjusted:
e RailBridgel
RailBridge2
RailBridge3
RailBridge4
RailBridge5
RailWeirl
RailWeir2
RailBridge6
RailWeir3
RailWeir4
RailWeir5
RailWeir6
WestBreml
WestBrem?2
WestBrem3

3.6.3 Upper Bremer River Branch
A number of the link branches connecting the Franklinvale branches have been
adjusted with the following changes:
e Cross-sectionin link branches were reduced from 4 sections to 2 sections
per branch.
e Cross-sections on link branches were schematised as trapezoidal sections
(In the existing model, these sections were copied from the main branches
and were considered inappropriate.
e |Invertsof cross-sections on link branches were matched to inverts of the
main branch connection points.

The following link branches were adjusted:
e Frank_West Weir 1

Frank_West Weir 2

WarPurWeir3

WarPurWeir2

WarPurWeirl
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4.1

CROSS-SECTIONS

Cross-sectional data has been reviewed and updated taking into account the
following elements:

Cross-section alignment and orientation;
Use of “dlots’ for low flow stability;
Hydraulic Radius methodol ogy;
Specification of low flow bank markers; and
Processed data conveyance curves.

Each of the elements and changes to the updated model are discussed in the
following sections.

Cross-Section Alignment

The cross-section alignment convention in MIKE11 is based on the surveyed profile
input to the data-base from left to right looking downstream. In most cases this
convention was reversed in the existing models (upper and lower model) and has
been updated in this project to reflect the MIKE11 convention.

The reversal of cross-section survey profiles will have no impact on the model
storage characteristics or water level predictions because the model only utilises the
cross-section processed data and not the spatial locations of the survey. However, if
the model is to be utilised for flood mapping then it is critical that water levels are
assigned to the correct spatial locations.

The cross-section information was exported in raw text format from MIKE11 and the
cross section X, Z survey information was reversed by recalculating the chainage
lengths from the left to right banks. This process was automated using a utility
program developed internally at DHI. The reversed survey profiles were imported
back into the cross-section data base and reprocessed.

An example of the cross-section reversal and branch re-alignment results for Six
Mile Creek is presented in Figure 4-1 and Figure 4-2 These figures show the model
cross-sections layer over the GIS line features detailing the cross section survey
locations. A list of model branches where the cross-sections have been reversed and
updated is provided in Table 4-1.
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survey data in red).

Figure 4-1: Six Mile Creek from the original ICC model prior to reversal (model shown in orange and

Figure 4-2: Six Mile Creek from the updated model after reversal (model shown in orange and survey

data in red).
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Table 4-1: Summary of cross-sections that have been reversed.

Upstream Downstream
Branch ID Topo ID Chainage Chainage
BREM TOPO-1995 1000000 1028490
DEEB Topo-1998 10000 19912
GOOD TOPO-1998 10000 16725
IRON TOPO-1998 10000 18584
IRON_BR1 TOPO-1998 1000 2491
MIHI Topo-1998 10000 13121
MIHI_BR1 Topo-1998 1292 2700
PURGA EXIST 0 22343.56
REEDY Topo-1998 1000 2139
SAND 2003 10000 23900
SCH TOPO-1998 10000 13972
SIX TOPO-1998 9530 20235
SMALL Topo-1998 1000 2128
WARRILL EXIST 0 33860.35
WOOG TOPO-1998 10000 19075

4.2 Low Flow Slots

A number of cross-sections throughout the upper model had been modified with the
introduction of an artificial slot. A typical example of a slot on the Warrill branch is
presented in Figure 4-3. These slots were adopted as a common technigue in the
1990’ s for maintaining model stability during low flow simulations. This technique
is not recommended and often creates more stability issues than are solved.

Figure 4-3: Example of a cross-section “slot”.

4.3 Hydraulic Radius

The hydraulic radius method selected within MIKE11 is critical for the correct
computation of conveyance in cross-sections. MIKELl offers three alternative
methodologies for computing hydraulic radius including:

50342_Final_rev03.doc Page 23 of 38 DHI WATER AND ENVIRONMENT PTY LTD
Date: 19/05/2006
Rev: 03



1. Resistance Radius;
2. Hydraulic Radius, Effective Area; and
3. Hydraulic Radius, Total Area.

The Resistance Radius method has previously been adopted in both the upper and
lower models. The Resistance Radius method will overestimate conveyance for flow
conditions within bank or marginally over bank because it does not adequately
account for the channel side wall friction. In large overbank floods the Resistance
Radius is an acceptabl e solution because the channel conveyanceisrelatively smaller
compared to the over bank floodplain conveyance.

The dternative Hydraulic Radius using the Total Area method is recommended for a
genera purpose flood model where the full range of flooding conditions are being
investigated. In the model update process the cross-section radius types have been
updated to the Hydraulic Radius, Tota Area method and all processed data
recalculated. The update process included an individua review of every model
cross-section to ensure that bank markers No 4 (left low flow bank) and No 5 (right
low flow bank) were set appropriately.

4.4 Processed Data

The raw cross-section profile data for each cross-section in the model is individually
processed to compute a range of depth and width averaged storage and conveyance
characteristics in tabular format. These processed data tables form the basis of all
numerical computations within the model. It is essential for stability of the model
that each conveyance curve is smooth and monotonically increasing in conveyance
with increasing flow depth.

Each of the conveyance curves in the processed data tables have been visually
reviewed to ensure they are smoothly and monotonically increasing in conveyance.
Where the conveyance curves were non-monotonically increasing, the cross-section
bank markers in the raw data (Section 4.3) have been updated to ensure a smooth
curve is achieved. An example of a non-monotonically increasing conveyance
curves without bank markers set is presented in Figure 4-4 and the updated cross
section and conveyance curve is presented in Figure 4-5.
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Figure 4-4: Example of a non-monotonically increasing conveyance curve and cross section.

Figure 4-5: Example of an updated monotonically increasing conveyance curve using bank markers.

The default number of processed data values in MIKE1l is 20 points over a
reasonable range in water level (5 to 10 meters). The number of processed data
pointsis a user defined setting that should be adjusted to ensure that the conveyance
characteristics of the curve are represented smoothly and accurately.

The number of processed data points was reviewed and in some cases there were
excessively large numbers of processed data points (up to 100 points). The large
number of points is not necessary for developing an accurate and stable model.
However they will significantly increase the data-base size and memory
requirements for the model during simulation. The number of processed data points
have therefore been adjusted to achieve a more reasonable representation of the
conveyance curves with a vertical spacing of approximately 0.5m between points.
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5 MODEL MERGE

The merging of the three MIKE11 model described in Section 2 was completed
using the “pfsmerge.exe” utility program that is provided with every MIKE11l
installation.

The merging of the models was completed by combining the network layouts and the
cross-section data bases into a single set of model files. The combined upper and
lower model branch layout in MIKELL is presented in Figure 5-1. All model
roughness values stored in the parameter file were also combined.

Figure 5-1 Combined upper and Lower Ipswich Rivers MIKE Models

The merging of the three models was complicated by the overlap of the upper and
lower models in the areas around the Amberly Airbase as shown in Figure 5-2 and
Figure 5-3. The lower model overlapped with the upper model for the part of the
Bremer River, Warrill Creek and Purga Creek branches. The upper model in the
areas of overlap was more detailed and was therefore adopted in these areas. The
duplicated branch sections in the lower model areas were deleted from the merged
model.
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Figure 5-2 Upper model branch layout - Amberly Airbase.

Figure 5-3 Lower model branch layout - Amberly Airbase.
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5.1 Boundary Conditions

The development of a common set of model boundary conditions for the merged
model was required to allow the model to run effectively.

The upper model provided by ICC included a number of aternative boundary
condition files. The boundaries included a range of durations from 3 hours up to 48
hours for the 100 year ARI design event.

The lower model provided by BCC from the Wivenhoe Alliance contained only one
set of boundary conditions for an event of unknown magnitude. An analysis of the
flow hydrographs indicates that the event is likely to be much larger than the 100
year ARl event. It was therefore not appropriate to apply this event in conjunction
with the upper model flows.

An aternative set of boundary conditions for the lower model were developed as part
of the original SKM flood study for the Brisbane River (Ref 1). These boundary
conditions were adopted for the merged model in order to provide the basis for a
comparison of results between the original calibrated model and the updated merged
model.

The boundary conditions for the merged model were adopted for the 1974, 1983 and
1989 calibration flood events. These boundary conditions included large inflows for
the Bremer and Brisbane Rivers which were represented as open boundaries in the
SKM flood study. These flows were converted to local source points at the
equivalent chainage in the merged model.

A number of the boundary conditions in the SKM flood study were small * baseflow”
conditions which were applied to the open ended model branches to alow the model
to run at low flows. These baseflow conditions were removed and replaced with the
following “Constant” flow conditions listed in Table 5-1.

Table 5-1: Constant base flow boundary conditions for merged model.

Branch Boundary Chainage Discharge
(m) (ms)
BNE 928920 1.0
Bremer-BoonahNew 9869 1.0
Franklinvale 0 1.0
GOOD 10000 1.0
HWAY LEFT 0 0.2
LOCKYER 0 1.0
MIHI 11310 1.0
Purga 0 1.0
Purga_2 42 1.0
SAND 10000 1.0
SCH 10000 0.1
SIX 9530 0.2
Warrill-Boonah 0 1.0
Western 0 1.0
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6 NUMERICAL PARAMETERS

The following numerical parameters were reviewed:

e Default Values
e [nitial Conditions
¢ Roughness Values

6.1 Default Values

The default values were unchanged with the exception of the “Delta” parameter and
the “Nolter” (Number of Iterations). The “Delta” value controls the centring of the
numerical scheme and can be varied in the range of 0.5 for a “fully centred” scheme
to 1.0 for a “fully forward” scheme. The “Delta’ value has a varying level of
influence on the model simulation that reduces as the model time step is decreased.

The upper and lower models had been previously run with a*“Delta’ of 0.7 which is
partially forward and was probably set at this level in order to improve the model
stability. In contrast the “Nolter” parameter was increased from the default value of
1 to avalue of 2 which produces an additional iteration producing the opposite affect
of centring the scheme.

An increase to the “Delta’ value introduces a dissipative influence on the model
results and can help to stabilise amodel. The setting is particularly important if tidal
waves are to be correctly propagated within the model. A dissipative influence in the
numerical scheme will dampen the tidal waves and adversely affect the model results
in tidal areas and where the flow depths become significant.

The“Delta’ setting was returned to a more neutral setting of 0.55.

The “Nolter” value was set to a value of 1 representing a single iteration of the
model scheme. The previous setting of 2 would introduce a second iteration to the
model and double the model simulation times. A value of 2 is not considered
necessary for a standard flood model application.

6.2 Initial Conditions

The model previously operated from a hot-start file that was used to generate an
initial stable water surface profile. The hot-start initial conditions have been
replaced by a set of detailed initial conditions in the parameter file for the updated
model.

This will improve the flexibility of applying the model in future applications as it
will alow the model to be modified without the need to update the hot-start file in
each case.

The initial conditions consist of a small depth of water specified in the main model
branches where initial stability was not well maintained. These small depths will
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contribute to an initial flushing flow out of the system over several hours. The flows
are small however care must be taken when interpreting results to ensure that the
initial flushing flow does not adversely influence the model results

6.3 Roughness Conditions

A range of model roughness conditions have been previously developed for the
lower Bremer and Brisbane River MIKE11 model. The SKM (Ref-1) calibration
utilised one set of roughness values for the 1974 event and an aternative set for the
smaller flood events of 1983, 89, 91 and 96 events.

The model roughness conditions for the original SKM calibration model of the lower
Bremer have been previously adjusted by KBR in arecalibration study for the lower
Bremer system (Ref 3). This adjustment was a general reduction in the roughness
values for the Bremer River channel in conjunction with a change in the hydraulic
radius type used in the model.

An aternative set of model roughness conditions, for the Brisbane and lower Bremer
River model, were contained in the MIKE11 model setup obtained from the
Wivenhoe Alliance MIKE11 model (Ref 4).

The roughness values for the lower Bremer and Brisbane River model branches were
adopted by merging the SKM model roughness values (Ref 1) for the various
caibration events with the KBR (Ref 2) adjusted values. These roughness
conditions were then applied to the various calibration events in accordance with the
SKM model.

A summary of the roughness conditions applied for each of the model studies (Ref 1-
4) is provided in Appendix C.

7 SIMULATION TIME STEP

The model simulation time step was previously set at 2 seconds for the upper model
and 15 seconds for the Brisbane River and lower Ipswich Rivers model. This is
unreasonably low for the typical flow conditions that occur within the model. Such
low time steps are typically set to ensure stability in areas of steep channel slopes or
in areas where the schematisation is not well defined.

The majority of model schematisation issues which may have previously limited the
model time step were improved as part of the work carried out in this study. A small
number of channel reaches within the model contained particularly steep channel
slopes which were still limiting the model time step. These steep branches were
generaly in the upper reaches of the local creek systems in Ipswich and the upper
reaches of upper model.

The steep reaches were removed from the model with the aim of improving the
overall performance of the model run time. If it is necessary to provide models for
these areas then it would be more appropriate to build separate small models for
these specific areas and run them at low time steps.
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The following model branches were changed as described:

e The upper 10km of the branch BremerBoonahNew has been cut from the
model. The boundary condition at chainage 0 m has been moved to chainage
9869 m.

e Thebranch IRON_BR1 was removed from the model

e Theupper 1.3 km of the branch MIHI was cut from the model. The upper
boundary conditions previously applied at chainage 10000 m were moved to
chainage 11310 m.

The model time step has been increased to 30 seconds which provides a reasonable
compromise between model stability and simulation time. A model time step of 1
minute can be used if a greater initial water depth is applied as initia conditions.
These greater depths are not appropriate for the simulation of small floods, which
limits the models versatility. Consequently a model time step of 30 seconds is
recommended for general applications.
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8 COMPARISON OF MODEL RESULTS

A comparison of the model results for the three calibration events (1974, 1983 and
1989) was completed. The comparison of model results was based on model results
files provided by ICC for the origina SKM flood study (Ref 1) and the boundary
conditions from this study applied to the current model as described in Section 5.

The comparison of results was based on maximum water levels for each of the main
branches in the lower Ipswich and Brisbane River model. The results are presented
in Appendix A.

The model comparison shows a general increase in water levels for the smaller flow
events of 1983 and 1989. These events are dominated by in channel conveyance
which has been modified in this study through the adoption of the Hydraulic Radius,
Total Area method. The levels in the Bremer River have increased significantly for
these smaller events. This contrasts with flood levelsin the larger 1974 event which
have been lowered substantially in the Bremer River.

In some cases there are significant changes in water levels in the Bremer River.
These differences arise from changes in the model which have removed instabilities
and errorsin flow calculations associated with the schematisation.

The model comparison in this study has not considered the accuracy of the original
model calibration but simply compared the updated model to the adopted study
results.
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9 RECOMMENDATIONS

The Brisbane Basin Model developed in this study, through the merging of the upper
Ipswich Rivers model with the lower Brisbane River model, is consistent with the
model schematisation that was originally adopted. The intention of this study was to
update and upgrade the previous models into a single model that could be more
efficiently used in hydraulic studies with greater model stability. This updating has
required substantial modification in many areas of the basin model in order to
improve stability and correct errors and inconsistencies in model inputs.

The model updating has resulted in some significant changes in calibration water
level predictions when compared against previous model calibration results from the
SKM study (Ref-1). We have not attempted to review the accuracy of the previous
calibrations but have ssmply compared the relative changes from the previous model
results. These water level changes are significant (over 1 meter change) in some
areas and introduce a high degree of uncertainty to the model results.

We aso note that the previous model calibrations were based on aternative
roughness parameter sets for the various calibration events which vary significantly
for small and large flood events. It isunlikely that the channel roughness would vary
substantially within large river systems such as the Brisbane and Bremer Rivers. We
believe that there is an underlying problem with the model schematisation of the
flood plain storage and has required the development of alternative roughness
parameter setsin order to achieve calibration.

The schematisation of both the upper Ipswich Rivers model and the lower Brisbane
River model do not adequately account for floodplain storage within the Ipswich
Rivers areas and to a lesser degree within the Brisbane River area. Thereislikely to
be an overestimation of floodplain storage in the model which will affect the models
ability to accurately predict larger flood events.

We recommend that the model be re-developed with an aternative schematisation
technique which incorporates separate floodplain model branches for al flood plain
flows within the system.

We recommend that the model be recalibrated to the historical flood events. The
calibration should be based upon one unique set of roughness values that are suitable
for both large and small flood events.

We aso recommend that a sensitivity analysis be carried out as part of the
recalibration in order to test the level of uncertainty that exists within the model
parameter sets adopted.

A number of specific recommendations have been made in relation to issues that
were found in the upper Ipswich Rivers model areas and the lower Brisbane River
model. These recommendations are detailed in the following sections.
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9.1 Lower Ipswich Rivers Area

The following specific recommendations are made in relation to the Lower Ipswich
Rivers area:

e The WOOG branch is very poorly schematised and should be re-modelled and
calibrated.

e The lower part or Sandy Creek Branch from Chainage 15620 to 23900 is not fully
developed and should be re-modelled and calibrated. This branch actually falls
outside the ICC local government area and may not be necessary for ICC
puUrposes.

e A general smoothing of a number of culvert Depth Width tables was required to
ensure stability was maintained. These tables contained non-monotonically
increasing conveyance curves and are actually bridge structures. We recommend
that they be replaced by MIKEL1 Bridge structures if any future calibration of the
model is carried out. The following structures were smoothed:

BNE 1037110
BNE 979510
BNE 1052626
BNE 944135
BUND 31990
DEEB 17072
WOOG 17340

9.2 Upper Ipswich Rivers Area

The schematisation of the Rail North and Rail South and Western branches is
inappropriate particularly for the smaller events. The model should be completely
re-built in this area and will require additional cross-section information of survey.
The schematisation has been improved as part of the model updating but we
recommend that the model be revised if specific focus on flooding in this area is
required.
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APPENDIX A

Comparison with Calibration Model Results.
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Comparison of Updated Basin Model to SKM Flood Study Results (2000)

Diffference in Maximum Water Levels (m)

Model Reference 1974 C Even{ 1983 C: Event1989 C
ENE 96417C 0.50 0.40
BNE 96661C 0.51 0.55
BNE 96741C 0.52 0.55
BNE 96979C 0.77 0.60]
BNE 97116C 0.84 0.62]
BNE 97226C 0.87 0.62
BNE 97326C 0.84 0.58
BNE 97326C 0.84 0.58
BNE 97458C 0.88| 0.59]
BNE 97602C 0.32] 0.27]
BNE 97675C 0.18 0.20
BNE 97828C 0. (ﬂ 0.08
BNE 979507 0.04] 0.11
BNE 979513 011 0.13
BNE 97953C 0.03 0.13
BNE 98033C 0.03 0.16
BNE 98166C 0.02] 0.18
BNE 98246C 0.00 0.19
BNE 98416C 0. (ﬂ 0.17
BNE 98526C -0.07 0.19
BNE 98526C -0.07| 0.19
BNE 98648C -0.01 0.22
BNE 98796C 0. (ﬂ 0.25
BNE 98816C 0. ‘E‘ 0.21
BNE 98817C -0.05 0.23
BNE 98836C 011 0.22
BNE 98970C -0.19 0.21
BNE 99070C 022 0.19
BNE 99076C 022 0.19
BNE 99171C -0.30 0.14)
BNE 99242C -0.30 0.14)
BNE 99245C -0.25 0.16
BNE 99247C -0.22 0.15
BNE 99267C -0.24] 0.16
BNE 99376C 021 0.19
BNE 99476C -0.29 0.23
BNE 99476C -0.29 0.23
[BNE 99569C -0.28 0.27
BNE 99698C 031
[BNE 99698C 031
BNE 99846C -041
BNE 99846C -041
BNE 99916C -055
BNE 1000000 -055
BNE 1000285 -055
BNE 1000285 -055
BNE 1000775 -0.48
BNE 1001315 -0.51]

BNE 1001315 -051
BNE 1001865 0. 4#
BNE 1002350 -0.51]
BNE 1002785 -0.60]
BNE 1003275 -051
BNE 1003775 0. 45{
BNE 1004300 0. 31‘
BNE 1004810 -0.46
BNE 1005325 -0.44
BNE 1005325 -0.44
BNE 1005870 034
BNE 1005870 034
BNE 1006300 -0.48
BNE 1006300 -0.48
BNE 1006910 -0.46
BNE 1007410 0. sg‘
BNE 1007920 -0.46 015 -0.07)

[BNE 1008195

[BNE 1008195

[BNE 1008445

BNE 1008925

BNE 1008925

[BNE 1009400

[BNE 1009720

[BNE 1009720

[BNE 1010490

BNE 1010725

[BNE 1010980

BNE 1011510

BNE 1011510

[BNE 1011980

BNE 1012475

BNE 1012475

BNE 1012935

BNE 1013445

[BNE 1013680

[BNE 1013680

BNE 1013910

BNE 1014310

BNE 1014610

BNE 1014610

[BNE 1015090

BNE 1015560

BNE 1015850

BNE 1015850

BNE 1016140

BNE 1016640

BNE 1016640

BNE 1017130

BNE 1017130

BNE 1017610

IBNE 101761C

BNE 1017920
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Comparison of Updated Basin Model to SKM Flood Study Results (2000)

Model R

1974 C:

Even1 1983 C:

1989 C:

BREM 1000000

-1.27

BREM 1000700

-1.06]

BREM 1001120

BREM 1001700

BREM 1002300

BREM 1002700

BREM 1003200

BREM 1003200

BREM 1003700

BREM 1003840

BREM 1003840

BREM 1004150

BREM 1004320

BREM 1004320

BREM 1004590

BREM 1004590

BREM 100461C

BREM 1004700

BREM 1005140

BREM 1005520

BREM 1005740

BREM 1006090

BREM 1006250

BREM 1006490

BREM 100651C

BREM 1006780

BREM 1007440

BREM 1007700

BREM 1008000

BREM 1008000

BREM 1008390

BREM 100841C

BREM 1008420

BREM 1008660

BREM 100921C

BREM 1009675

BREM 1009675

BREM 100985€

BREM 100985€

BREM 1010020 117
BREM 1010280 114
BREM 1010700 115
BREM 1010890 119
BREM 1011320 121
BREM 1011700 129
BREM 1011790 127
BREM 1011810 1.2#
BREM 1012050 121
BREM 1012070 131]
BREM 1012200 137
BREM 1012870 1.#
BREM 1013380 1.41]
BREM 1013700 143
BREM 1014220 151
BREM 1014640 153
BREM 1015180 159
BREM 1015445 159
BREM 1015445 159
BREM 1015710 159
BREM 1016110 162
BREM 1016110 162
BREM 1016510 1.@1
BREM 1017080 169
BREM 1017750 173
BREM 1018140 178
BREM 1018320 178
BREM 1018320 178
BREM 1018500 178
BREM 1018630 181
BREM 1018630 181
BREM 1018760 1.83|
BREM 1019150 181
BREM 1019580 187
BREM 1020000 1@1
BREM 1020000 1.86
BREM 1020450 177
BREM 1020450 177

BREM 1020600 - - -

BREM 1020600 - - -
BREM 1020920 1.83|
BREM 1021460 1.78]
BREM 1022300 171
BREM 1022050 1.#
BREM 1023490 152
BREM 1023510 170
BREM 1023870 162
BREM 1024220 1.#
BREM 1024520 152
BREM 1024750 147
BREM 1025300 1@1
BREM 1025670 133
BREM 1025020 124
BREM 1026150 116
BREM 1026560 102
BREM 1027100 0.78]
BREM 1027640 051,
BREM 1027840 0.40
BREM 1028190 0.12]
BREM 1028190 0.12]
|BREM 1028490 -0.17,
BUND 10000 0.07] 0.05]
BUND 10307. 0.20] 0.21]
011 0.73]
BUND 11107.5 -0.66 o.ﬁ
-0.08 0.07|
BUND 11968.33 0.21] -0.18,
BUND 12336.67 025 -0.36,
025 -0.06,
0.32 0.15]
BUND 13552. 0.39 0.3%
0.10| 0.13]
BUND 14217.5 -0.47 -0.16,
077 0.38]
0.16 -0.08]
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Diffference in Maximum Water Levels (m)

Comparison of Updated Basin Model to SKM Flood Study Results (2000)

Comparison of Updated Basin Model to SKM Flood Study Results (2000)
Diffference in Maximum Water Levels (m)

Model Reference 1974 C Even{ 1983 Calibration Event1989 C
BNE 1022105 -0.50
BNE 1022575 -0.43
BNE 1022575 -0.43
BNE 1023040 -0.41
BNE 1023570 -0.47
BNE 1024080 -0.39
BNE 1024080 -0.39
BNE 1024563 -0.48
BNE 1024563 -0.48
BNE 1025070 -0.42
BNE 1025360 -0.44
BNE 1025590 -0.23
BNE 1025590 -0.23
BNE 1026170 -0.25
BNE 1026680 -0.36
BNE 1026900 -0.32
BNE 1027160 -0.28
BNE 1027680 -0.33
BNE 1028180 -0.41
BNE 1028680 -0.29
BNE 1028680 -0.29
BNE 1028760 -0.63
BNE 1029200 -0.57
BNE 1029680 -0.60
BNE 1030220 -0.60
BNE 1030220 -0.60
BNE 1030870 -0.62
BNE 1030870 -0.62
BNE 1031260 -0.59
BNE 1031700 -0.53
BNE 1031995 -0.58
BNE 1032230 -0.61
BNE 1032585 -0.57
[BNE 1033080 -0.54
[BNE 1033080 -0.54
BNE 1033370 -0.49
BNE 1033370 -0.49
[BNE 1033900 -0. 41‘
[BNE 1033900 -0. 41‘
BNE 1034370 -0.43
[BNE 1034890 -0.39
BNE 1034890 -0.39
BNE 1035414 -0.50
BNE 1035900 -0.48
BNE 1035900 -0.48
BNE 1036460 -0.51
BNE 1036770 -0. @1
BNE 1036915 -0.49
BNE 1037090 -0.52
BNE 1037175 -0.19
BNE 1037175 -0.19
BNE 1037285 -0.19
BNE 1037625 -0.10
[BNE 1038085 -0.22
[BNE 1038085 -0.22
BNE 1038600 -0.20
BNE 1038600 -0.20
BNE 1039100 -0.20
BNE 1039100 -0.20
BNE 1039200 -0.20
BNE 1039200 -0.20
BNE 1039565 -0.21
BNE 1039670 -0.20
BNE 1039670 -0.20
[BNE 1040090 -0.18
[BNE 1040090 -0.18
BNE 1040250 -0.15
BNE 1040250 -0.15
BNE 1040490 -0.12
BNE 104101C -0.23
BNE 1041230 -0.22
BNE 1041460 -0.19
BNE 1041700 -0.23
BNE 1041700 -0.23
BNE 1041960 -0.20
BNE 1042235 -0.21
BNE 1042500 -0.22
BNE 1042500 -0.22
BNE 1042515 -0.22
BNE 1042910 -0.26
BNE 104301C -0.26
BNE 104301C -0.26
BNE 1043080 -0.25
BNE 104311C -0.26
BNE 104311C -0.26
BNE 1043725 -0.27
[BNE 1044060 -0.20
[BNE 1044060 -0.20
BNE 1044340 -0.16
BNE 1044340 -0.16
BNE 1044605 -0.17
BNE 1044860 -0.19
BNE 1045400 -0.15
BNE 1045400 -0.15
BNE 1045885 -0.11
BNE 1046180 -0.17
BNE 1046340 -0.19
BNE 1046580 -0.16
BNE 1046900 -0.15
BNE 1047350 -0.10

IBNE 1047915 -0.06
BNE 1047915 -0.06
-0.13
-0.13
-0.13
-0.12
-0.05
0.07]
-0.10
-0.05
-0.05
-0.09
-0.09
-0.01]
-0.01]

Comparison of Model Results_Summary_Calibration_Differences_Final Report.xls

Model R 1974 C Even( 1983 C: Event 1989 C:
BUND 15055 0.15 0.08|
BUND 15377.5 0.17 0.12]
BUND 15700 0.14 0.15
BUND 16047.5 0.26
BUND 16395 0.19
BUND 16647.5 0.17
BUND 16900 0.16
BUND 17215 0.17
BUND 17530 0.28
BUND 17885 0.05
BUND 18307.5 0.18
BUND 18730 -o.gi
BUND 18750 0.39
BUND 19015 0.19
BUND 19280 0.34
BUND 19540 0.21
BUND 19800 0.19
BUND 20120 0.12
BUND 20440 0.02
BUND 20905 0.02
BUND 21370 0.17
BUND 21745 - - -
BUND 22120 -0.24 0.02
BUND 22120 -0.24 0.02
BUND 22452.5 -0.23 0.16
BUND 22785 -0.26 013
BUND 23150 -0.27] 011
BUND 23515 -0.19] 013
BUND 23822.5 0.01 0.00
BUND 24130 o.oa 0.10
BUND 24445 0.11] 0.21
BUND 24760 0.12] 0.09
BUND 25075 -0.05 0.06
BUND 25327.5 -o.oﬁ 0.02
BUND 25580 -0.09] o.ﬁ
BUND 25600 -0.09] 0.02]
BUND 26070 0.25 0.34
BUND 26540 0.051 0.21‘
BUND 26780 0.06 0.06
BUND 27280 0.07 0.00
BUND 27380 0.07 0.02
BUND 27400 0.12 0.16
BUND 27655 0.14 0.14
BUND 27675 0.15 0.15
BUND 28010 0.19 0.01
BUND 28350 - E
BUND 28350 - - -
BUND 28480 0.23 0.01
BUND 28530 -0.38] -0.2§l
BUND 28560 -0.54 0.39
BUND 28630 - - -
BUND 28630 - - -
BUND 28935 - - -
BUND 29240 0.06| 0.01
BUND 29550 0.07| 0.13
BUND 29910 0.13‘ 0.45
BUND 30215 0.25 0.25
BUND 30520 0.21 0.21
BUND 30940 0.18 0.19
BUND 31360 0.19 0.16
BUND 31630 0.18 0.16
BUND 31980 0.15 0.12
BUND 32000 0.21 0.19
BUND 32150 0.19 0.21
BUND 32350 0.08| 0.17
BUND 32370 0.14 0.18
BUND 32675 0.13 0.17
BUND 32980 0.01 0.18
BUND 33320 0.17 0.26]
BUND 33660 0.17 0.13
BUND 34000 0.17 0.15
BUND 34000 0.17 0.15
BUND 34260 0.17 0.17
BUND 34305 0.17 0.16
BUND 34345 0.17 0.24
BUND 34395 0.17 0.25
BUND 34760 0.17 0.25
BUND 35050 0.17 0.21]
BUND 35100 0.17 0.16]
BUND 35120 0.17 0.21
BUND 35520 0.17 0.35
BUND 35540 0.17 0.36
BUND 35730 0.17 0.42
BUND 36005 0.17 0.3&
BUND 36025 0.17 0.40
BUND 36297.5 0.17 0.48
BUND 36570 0.17 053
BUND 36840 0.17 0.72]
BUND 37110 0.17 0.84]
BUND 37510 - - -
BUND 37910 0.17 1.48] 0.39)
BUND 37910 0.17 1.48] 0.39)
BUND 38280 0.17 159 0.39)
BUND 38722.5 0.17 1.66| 0.67]
BUND 39165 0.17 1.71] 1.o§I
BUND 39546.67 0.17 1.72] 1.27|
BUND 39928.33 0.17 1.73] 1 :ﬁ'
BUND 40310 0.17 1.74) 1.35]
BUND 40670 0.17 175, 1.37]
BUND 41030 0.17 1.76) 1.41]
BUND 41049.04 - — -
DEEB 10000 0.51 0.72 0.65)
DEEB 10315 0.60 1.02] 0.96|
DEEB 10588.5 1.04 1.41] 1.36)
DEEB 10862 054 0.97 0.91]
DEEB 11141 0.69 1.03] 0.97]
DEEB 11453 117 1.38] 1.34)
DEEB 11837 1.85) 2.42| 2.33]
DEEB 12111 0.99 1.78| 1.66)
DEEB 12377 127 1.97, 1.86)
DEEB 12643 191 259 2.50)
DEEB 12927 1.39 1.9 1.90)
DEEB 12947 1.44 2.15| 2.02]
DEEB 13165 1.56] 2.27] 2.16]
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Comparison of Updated Basin Model to SKM Flood Study Results (2000)
Diffference in Maximum Water Levels (m)

Model Reference |1974 C Eveni 1983 Calil Event1989 C
BNE 1051895 0.04 0.04
BNE 1052310 012 -0.06|
BNE 1052390 012 -0.07
BNE 1052595 0.16 -0.07
BNE 1052640 0.05| -0.10
BNE 1052865 013 -0.10
BNE 1052865 013 -0.10
BNE 1053320 013 -0.10
BNE 1053385 011 -0.09
BNE 1053385 011 -0.09
BNE 1053900 012 -0.09
BNE 1053900 012 -0.09
BNE 1054640 0.3 -0.09
BNE 1054680 004 -0.09
BNE 1054970 o.@‘ -0.08
BNE 1055280 0.09 -0.07
BNE 1055420 0.10 -0.07
BNE 1055960 007 -0.06
BNE 1055960 007 -0.06
BNE 1056400 0.10 -0.05|
BNE 1056400 0.10 -0.05|
BNE 1056695 008 -0.05
BNE 1056865 001 -0.06
BNE 1056950 0.06 -0.06
BNE 1057090 0.09 -0.06
BNE 1057090 0.09 -0.06
BNE 1057530 0.08 -0.06
BNE 1057530 0.08 -0.06
BNE 1058040 0.10 -0.07
BNE 1058040 0.10 -0.07
BNE 1058230 011 -0.08
BNE 1058530 022 -0.09
BNE 1058735 011 -0.10
BNE 1059035 017 012
BNE 1059540 0.09] 013
BNE 1059990 011 013
BNE 1060535 021 012
BNE 1060535 021 012
BNE 1060845 - B -
BNE 1060845 - B -
BNE 1061015 0.16 012
BNE 1061530 011 012
BNE 1062020 011 012
BNE 1062020 011 012
BNE 1062535 0.09] 012
BNE 1062940 0.10 012
BNE 1063125 021 011
BNE 1063125 021 011
BNE 1063310 0.15 011
BNE 1063645 0.19 011
BNE 1064000 017 011
BNE 1064490 0.16 011
BNE 1065010 014 012
BNE 1065503 013 012

|BNE 1065990 011 013
BNE 1066505 014 013
BNE 1067020 012 014
BNE 1067020 012 014
BNE 1067485 012 015
BNE 1067965 012 015
BNE 1068660 007 0.03]
BNE 1069045 0.05| 007
BNE 1069535 004 -0.03
BNE 1070025 001 -0.10
BNE 1070530 0.00 -0.09
BNE 1071040 001 -0.09
BNE 1071520 001 -0.10
BNE 1072015 001 -0.10
BNE 1072020 001 -0.10
BNE 1072020 001 -0.10
BNE 1072515 001 013
BNE 1072995 001 014
BNE 1073485 001 015
BNE 1074000 001 -0.16
BNE 1074460 0.00 -0.16
BNE 1074985 0.00 014
BNE 1075480 0,01 015
BNE 1076000 0,01 015
BNE 1076495 -0.01 014
BNE 1077010 0.00 014
BNE 1077510 0.00 014
BNE 1078040 0.00 014
BNE 1078525 001 013

|BNE 1078660 0.01 013

lEoo: 00 0. 0.18]

00D 1027 0. 0.06
00D 1047 . 0.04
00D 1070 0. 0.08
0. 0.36
0. 0.00
050 001
945 050 00!
020 050 0.2
044 050 00!
155 050 0.0:
425 050 0.0
68 050 0.1
93 050 0.0:
27 050 0.0:
47 050 -0.0:
67 050 0.0:
4155 050 021
I 4195 -0.50 0.05|
265 050 0.05
375 050 0.04
555 050 0.02
7 050 001
050 017
050 0.8
050 0.07
8 050 0.07
90! 050 0.0
92 050 0.1
930 050 0.1
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Comparison of Updated Basin Model to SKM Flood Study Results (2000)

Diffference in Maximum Water Levels (m)

Model R

1974 Calil

Eveni

1983 C:

1989 Calil

DEEB 13295

1.62

DEEB 13587

1.40

DEEB 13888

1.45]

DEEB 13922

079

DEEB 14201

0.09

DEEB 14486

-0.03

DEEB 14771

-0.03

DEEB 14979

-0.03

DEEB 15158

-0.03

DEEB 15336

-0.03

DEEB 15682

-0.03

DEEB 15682

-0.03

DEEB 15904

-0.03

DEEB 16035

-0.03

DEEB 16035

-0.03

DEEB 16120

DEEB 16215

DEEB 16215

DEEB 16303

DEEB 16340

DEEB 16609

DEEB 16635

DEEB 16635

DEEB 16854

DEEB 16960

DEEB 16960

DEEB 17064

DEEB 17064

DEEB 17080

DEEB 17317

DEEB 17609

DEEB 17697

DEEB 17697

DEEB 17717

DEEB 17902

DEEB 17927

DEEB 18337

DEEB 18357

DEEB 18478

DEEB 18502

DEEB 18670

DEEB 18670

DEEB 18795

DEEB 18936

DEEB 19112

DEEB 19132

DEEB 19247

DEEB 19247

DEEB 19401

DEEB 19537

DEEB 19607

DEEB 19702

DEEB 19827

DEEB 19847

DEEB 19912

/RGN 10000

IRON 10274

IRON 10563

IRON 10725

IRON 11001

IRON 11422

IRON 11765

IRON 11794

IRON 12052

IRON 12335

IRON 12618

IRON 12658

IRON 12962.E

IRON 13267

IRON 13766

IRON 14107

IRON 14456

IRON 14805

IRON 15139

IRON 15407

IRON 15700

IRON 15887

IRON 16198.E

IRON 16510

IRON 16827

IRON 17093

IRON 17336

IRON 17628

IRON 17884

IRON 180

IRON 181!

-0.f
-0.f

-0.f

-0.f

-0.f

-0.f

-0.f

-0.f

-0.f

mll
|
o |8
IS
gl |®
8|

o099

0.0

0.55|

0.37]

0.41]

25222 232 3| 3
$|0|5|5|0|5|5|5|5|0
I
S

0.22|
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Comparison of Updated Basin Model to SKM Flood Study Results (2000)
Diffference in Maximum Water Levels (m)

Model Reference |1974 C Eveni 1983 Calil ion Event1989 C: Even
0D 14975 ~0.50 0.14 o,oEI
00D 15350 -0.50 -0.0¢ 0.05]
00D 15845 -0.50 0. 0.14]
00D 16175 -0.50 -0.01
00D 16355 .50 0.
00D 16525 0 0.

|coop 16725 .50 0.
Iwoor 0000 0.55] 0.14
[WOOG 10450 0.76| 0.
WOOG 1093 D,Eﬂ‘ 0.
WOOG 1115 0.25 0.
WOOG 1153 0.4 0.
WOOG 1203 . . 0.
WOOG 1213 . 0.0¢ 0.
WOOG 12620 . 0. 0.22)
WOOG 12930 . ofsl
WOOG 13070 0. [} o.16|
WOOG 13250 - 0. 0.13|
WOOG 13510 K 0. 0.22)
WOOG 13550 0.4 0. 0.26)
woo! 4 0.4 0.35 0.36)
woo! 0 K 0.34 0.39)
woo! 0 -0.50 0.34 0.39)
woo! 9! - - -
woo! 9! - - -
WOOG 1407 -0.50 .21 0.26)
WOOG 1410¢ -0.50 25| 0.25]
WOOG 1418 -0.50 0.26)
WOOG 1418 -0.50 0.26)
WOOG 14450 -0.50 0.3
WOOG 14790 -0.50 0.7
WOOG 14850 -0.50 . 0.
WOOG 14950 -0.50 .6: 0.
WOOG 15050 -0.50 .53 .
WOOG 15150 -0.50 .54 29
WOOG 15150 -0.50 .54 29
WOOG 15230 0.50 .59 A1
WOOG 15300 -0.50 0.48| 1.18]
WOOG 15370 -0.50 0.42 0.
WOOG 15470 -0.50 0.45 0.34
WOOG 15520 -0.50 0.53 0.
WOOG 1560 -0.50 0.67 0.4
WOOG 1572 -0.50 0.57 0.4
WOOG 1580 -0.50 0.50 0.
WOOG 1584 -0.50 0.32 0.
WOOG 158 -0.50 0.54 0.
WOOG 159 -0.50 0.66 o.
WOOG 159 -0.50 0.61
WOOG 160; -0.50 0.57 .4
woo! 25 -0.50 0.55 .
woo! 50 -0.50 0.44 .4
woo! 75 -0.50 0.4 .44
00G 16440 -0.50 0.4; 35|

00G 16600 -0.50 0. .28
00G 16700 -0.50 0. .28
00G 16850 -0.50 0. .27,
00G 16900 -0.50 0. .26
00G 17050 -0.50 0. .15
00G 17125 -0.50 0. .12)

|wooG 17275 -0.50 0. .03
WOOG 17310 -0.50 0.01]
WOOG 1737 -0.50 0.08
WOOG 1744 -0.50 0.19
WOOG 1746 -0.50 -0.02
WOOG 1750¢ -0.50 0.1

WOOG 1755 -0.50 0.12
WOOG 1758 -0.50 .10
WOOG 17600 -0.50 @I

00G 17615 -0.50 .05,
00G 17750 -0.50 .01]
00G 17760 -0.50 .04]
00G 17780 -0.50 .11
00G 17950 -0.50 .25
00G 17960 -0.50 .25
00G 18250 -0.50 4 .20
00G 18250 -0.50 4 .20
00G 18500 -0.50 0 .06
00G 18750 -0.50 -0.10 .06
00G 18900 -0.50 -0.10 0.06,
00G 19075 -0.50 -0.10 0.06]

Comparison of Model Results_Summary_Calibration_Differences_Final Report.xls

Comparison of Updated Basin Model to SKM Flood Study Results (2000)
Diffference in Maximum Water Levels (m)
Model R 1974 Calibration Eveni1983 C: Event1989 Calil Even
998 -0.02 0. 0.
020 0.11 0. 0.
120 0.03 0. 0.
440 0.14 0. 0.
690 0.09 0.12 0.
020 0.38 0.25| 0.28)
3320 -0.02 0.01 0.32]
13820 0.12 0.30 0.48|
4220 -0.04 0.37 0.59)
4620 0.17 0.40 0.8
4700 0.14 0.30 0.7
4740 0.14 0.29 0.7
4820 -0.06 0.12 0.4
D 15220 - - -
AND 15620 - - -
SAND 15620 - - -
AND 15992 - - -
AND 16364 - - -
AND 16721 - - -
AND 17078 - - -
AND 17435 - - -
AND 17873.33 - - -
AND 18311.67 - - -
AND 18750 - - -
AND 19195.7 - - -
AND 19641.4: - - -
AND 20087. - - -
AND 2053; - - -
AND 20978. - - -
AND 21424.29 - - -
AND 21870 - - -
SAND 22270 - - -
SAND 22670 - - -
AND 23070 - - -
AND 23070 - - -
AND 23340 - - -
AND 23610 - - -
D 23900 - - -
IEC-< 00 5.36] 15 0.70)
CH 1034 3. 85| 17
CH 1080 -0. . 17
CH -0. . .74
CH -0. 0. 0.70)
CH 8 0. 0. 0.50|
CH -0. .0: 0.90]
CH -0. 6 1.36]
-0. 25| 1.ogI
CH 1216 0. g‘ 0.76}
SCH 1228 -0.17 .55 o.gl
CH 12435 017 84 0.75)
CH 12462.8 017 .80 0.67|
CH 12805.6 017 77 0.64)
CH 13060 017 7 .05
CH 13060 017 7 .05
SCH 13209 -0.17 7 14|
CH 13598.5 017 7 42
CH 13757 017 7 .42)
CH 13757.61 - - -
CH 13757.61 - - -
|scH 13972 0.17 1.76] 1.42]
|s X 9530 0.08] 0.03|
X 10060 0.4 0.7
X 10310 o. 0.0:
X 0. 0.0
X 0. .0
X 104 0. .0
51X 109: 0.0 .05
X 11355 0.4; .34
X 1157 0. .24
X 1167 -0.10 .00
X 1177 0.30 -0.12
X 1180 0. .24
0. .13
0. .20
0. .07
0.08 .09
0.05 -0.02
0.25 0.14
0.42 0.56]
0.45 0.59
0.48 0.39
0.52 0.44
0.55 0.46
0.60 0.14
0.37 0.

X 16720 0.7 0.

X 17140 0.7 0.

X 17270 0.7 0.

X 17530 0.7 0.

X 17930 0.7 0.09

X 18270 0.7 0.21

X 18720 0.7 0.42

X 18970 07 0.45|

X 19170 0.7 K

IX 19370 0.7 K

X 19650 0.7 K

X 19790 0.7 K

X 19870 0.7 K

X 20000 0.7 K

X 20140 0.7

X 20160 0.7

|six 20238 0.7
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APPENDIX B

Summary of Model Grid Changes.
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Branchl Ch (m) Ch (m) Figure Comment
BNE 928920 | 928920
BNE 929270 | 929270
BNE 929670 | 929670
BNE 930070 | 930070
BNE 931020 | 931020
BNE 931020 | 931020
BNE 931570 | 931570
BNE 933670 | 933670
BNE 933670 | 933670
BNE 934270 | 934270
BNE 934620 | 934620
BNE 934870 | 934870
BNE 936070 | 936070
BNE 936070 | 936070
BNE 936820 | 936820
BNE 939770 | 939770
BNE 939770 | 939770
BNE 942320 | 942320
BNE 942320 | 942320
BNE 943570 | 943570
BNE 944130 | 944130
BNE 944150 | 944150
BNE 945570 | 945570
BNE 946170 | 946170
BNE 947170 | 947170
BNE 947570 | 947570
BNE 948120 | 948120
BNE 948120 | 948120
BNE 949370 | 949370
BNE 950270 | 950270
BNE 952320 | 952320
BNE 953870 | 953870
BNE 954920 | 954920
BNE 955970 | 955970
BNE 958770 | 958770
BNE 960170 | 960170
BNE 962070 | 962070
BNE 964170 | 964170
BNE 966610 | 966610
BNE 967410 | 967410
BNE 969790 | 969790
BNE 971160 | 971160
BNE 972260 | 972260
BNE 973260 | 973260
BNE 973260 | 973260
BNE 974580 | 974580




Branch/Link

Channel Ch (m) Ch (m) Figure Comment
BNE 976020 | 976020
BNE 976750 | 976750
BNE 978280 | 978280
BNE 979507 | 979507
BNE 979513 | 979513
BNE 979530 | 979530
BNE 980330 | 980330
BNE 981660 | 981660
BNE 982460 | 982460
BNE 984160 | 984160
BNE 985260 | 985260
BNE 985260 | 985260
BNE 986480 | 986480
BNE 987960 | 987960
BNE 988160 | 988160
BNE 988170 | 988170
BNE 988360 | 988360
BNE 989700 | 989700
BNE 990700 | 990700
BNE 990760 | 990760
BNE 991710 | 991710
BNE 992420 | 992420
BNE 992450 | 992450
BNE 992470 | 992470
BNE 992670 | 992670
BNE 993760 | 993760
BNE 994760 | 994760
BNE 994760 | 994760
BNE 995690 | 995690
BNE 996980 | 996980
BNE 996980 | 996980
BNE 998460 | 998460
BNE 998460 | 998460
BNE 999160 | 999160
BNE 1000000 | 1000000
BNE 1000285 | 1000285
BNE 1000285 | 1000285
BNE 1000775 | 1000775
BNE 1001315 | 1001315
BNE 1001315 | 1001315
BNE 1001865 | 1001865
BNE 1002350 | 1002350
BNE 1002785 | 1002785
BNE 1003275 | 1003275
BNE 1003775 | 1003775
BNE 1004300 | 1004300
BNE 1004810 | 1004810
BNE 1005325 | 1005325
BNE 1005325 | 1005325
BNE 1005870 | 1005870




Branch/Link

Channel Ch(m) | Ch(m) Figure Comment
BNE 1005870 | 1005870
Hydraulic Connection redefined from
BNE 1006200 New BNE_1006300 | 1006200 to 1005870
BNE 1006200 Old BNE 1006200
BNE 1006300 | 1006300
BNE 1006300 | 1006300
U R Jirne 01005208 R A e | . - -
[ i i 1.005322+006 E E E
i : 1.00587e+006 :
: ' A uuos rerl08 '
......................................................................................................................... :
Tttt Tt [ T e’ § """"""" [ N
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" |027842+008 ’é-c"
T L T e e S I T v e - 2
"""""""""""""""""""""""""" ‘oosezesos Lo ! : ;  E :
: 00587=+008 | 1.02815e+008 oo emmiE : = . |
e 1.02812=+008 ' [, _:_‘j_“ ______________ e e 4
AR SO S S0 SN SN SRR SN AR B e R »?WI;T ————— 1nas:.:-+nnsaa
r‘\mzsisewas i i E I 1-Q0e2er008 E i
o B 7 T v 1 T BT ST R s S i i : : 0b62e+006 :
1.028152+008 R R ommmmmmmmmeeees ERREEEEEEEEEb A RREEREEEE 1.0062e+008----------- :
"0353'1'.55E-ae+sse-ig_3e+ggg.

New_BNE_1006300

Old_BNE_1006200
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New_BNE_1008195

Old_BNE_1007780



Branch Ch (m) Ch (m) Figure Comment
BNE 1008445 | 1008445
BNE 1008925 | 1008925
BNE 1008925 | 1008925
BNE 1009400 | 1009400
BNE 1009720 | 1009720
BNE 1009720 | 1009720
BNE 1010490 | 1010490
BNE 1010725 | 1010725
BNE 1010980 | 1010980
BNE 1011510 | 1011510
BNE 1011510 | 1011510
BNE 1011980 | 1011980
BNE 1012475 | 1012475
BNE 1012475 | 1012475
BNE 1012935 | 1012935
BNE 1013445 | 1013445
BNE 1013680 | 1013680
BNE 1013680 | 1013680
BNE 1013910 | 1013910
BNE 1014310 | 1014310
BNE 1014610 | 1014610
BNE 1014610 | 1014610
BNE 1015090 | 1015090
BNE 1015560 | 1015560
BNE 1015850 | 1015850
BNE 1015850 | 1015850
BNE 1016140 | 1016140
BNE 1016640 | 1016640
BNE 1016640 | 1016640
BNE 1017130 | 1017130
BNE 1017130 | 1017130
BNE 1017610 | 1017610
BNE 1017610 | 1017610
BNE 1017920 | 1017920
BNE 1018200 | 1018200
BNE 1018725 | 1018725
BNE 1019095 | 1019095
BNE 1019490 | 1019490
BNE 1019490 | 1019490
BNE 1019865 | 1019865
BNE 1020115 | 1020115
BNE 1020525 | 1020525
BNE 1020525 | 1020525
BNE 1020830 | 1020830
BNE 1021095 | 1021095
BNE 1021539 | 1021539
BNE 1021715 | 1021715




Branch/Lin

k Channel Ch (m) Ch (m) Figure Comment
BNE 1021895 | 1021895
BNE 1022105 | 1022105
BNE 1022575 | 1022575
BNE 1022575 | 1022575
BNE 1023040 | 1023040
BNE 1023570 | 1023570
BNE 1024080 | 1024080
BNE 1024080 | 1024080
BNE 1024563 | 1024563
BNE 1024563 | 1024563
BNE 1025070 | 1025070
BNE 1025360 | 1025360
BNE 1025590 | 1025590
BNE 1025590 | 1025590
BNE 1026170 | 1026170
BNE 1026680 | 1026680
BNE 1026900 | 1026900
BNE 1027160 | 1027160
BNE 1027680 | 1027680
BNE 1028180 | 1028180
BNE 1028680 | 1028680
BNE 1028680 | 1028680
BNE 1028760 | 1028760
BNE 1029200 | 1029200
BNE 1029680 | 1029680
BNE 1030220 | 1030220
BNE 1030220 | 1030220
BNE 1030870 | 1030870
BNE 1030870 | 1030870
BNE 1031260 | 1031260
BNE 1031700 | 1031700
BNE 1031995 | 1031995
BNE 1032230 | 1032230
BNE 1032585 | 1032585
BNE 1033080 | 1033080
BNE 1033080 | 1033080
BNE 1033370 | 1033370
BNE 1033370 | 1033370
BNE 1033900 | 1033900
BNE 1033900 | 1033900
BNE 1034370 | 1034370
BNE 1034890 | 1034890
BNE 1034890 | 1034890
BNE 1035414 | 1035414
BNE 1035900 | 1035900
BNE 1035900 | 1035900
BNE 1036460 | 1036460
BNE 1036770 | 1036770
BNE 1036915 | 1036915
BNE 1037090 | 1037090




Branch/Lin

k Channel Ch (m) Ch (m) Figure Comment
BNE 1037175 | 1037175
BNE 1037175 | 1037175
BNE 1037285 | 1037285
BNE 1037625 | 1037625
BNE 1038085 | 1038085
BNE 1038085 | 1038085
BNE 1038600 | 1038600
BNE 1038600 | 1038600
BNE 1039100 | 1039100
BNE 1039100 | 1039100
BNE 1039200 | 1039200
BNE 1039200 | 1039200
BNE 1039565 | 1039565
BNE 1039670 | 1039670
BNE 1039670 | 1039670
BNE 1040090 | 1040090
BNE 1040090 | 1040090
BNE 1040250 | 1040250
BNE 1040250 | 1040250
BNE 1040490 | 1040490
BNE 1041010 | 1041010
BNE 1041230 | 1041230
BNE 1041460 | 1041460
BNE 1041700 | 1041700
BNE 1041700 | 1041700
BNE 1041960 | 1041960
BNE 1042235 | 1042235
BNE 1042500 | 1042500
BNE 1042500 | 1042500
BNE 1042515 | 1042515
BNE 1042910 | 1042910
BNE 1043010 | 1043010
BNE 1043010 | 1043010
BNE 1043080 | 1043080
BNE 1043110 | 1043110
BNE 1043110 | 1043110
BNE 1043725 | 1043725
BNE 1044060 | 1044060
BNE 1044060 | 1044060
BNE 1044340 | 1044340
BNE 1044340 | 1044340
BNE 1044605 | 1044605
BNE 1044860 | 1044860
BNE 1045400 | 1045400
BNE 1045400 | 1045400
BNE 1045885 | 1045885
BNE 1046180 | 1046180
BNE 1046340 | 1046340
BNE 1046580 | 1046580
BNE 1046900 | 1046900




Branch/Lin

k Channel Ch (m) Ch (m) Figure Comment
BNE 1047350 | 1047350
BNE 1047915 | 1047915
BNE 1047915 | 1047915
BNE 1048375 | 1048375
BNE 1048375 | 1048375
BNE 1048890 | 1048890
BNE 1049120 | 1049120
BNE 1049370 | 1049370
BNE 1049590 | 1049590
BNE 1049870 | 1049870
BNE 1050430 | 1050430
BNE 1050430 | 1050430
BNE 1050860 | 1050860
BNE 1050860 | 1050860
BNE 1051360 | 1051360
BNE 1051360 | 1051360
BNE 1051895 | 1051895
BNE 1052310 | 1052310
BNE 1052390 | 1052390
BNE 1052595 | 1052595
BNE 1052640 | 1052640
BNE 1052865 | 1052865
BNE 1052865 | 1052865
BNE 1053320 | 1053320
BNE 1053385 | 1053385
BNE 1053385 | 1053385
BNE 1053900 | 1053900
BNE 1053900 | 1053900
BNE 1054640 | 1054640
BNE 1054680 | 1054680
BNE 1054970 | 1054970
BNE 1055280 | 1055280
BNE 1055420 | 1055420
BNE 1055960 | 1055960
BNE 1055960 | 1055960
BNE 1056400 | 1056400
BNE 1056400 | 1056400
BNE 1056695 | 1056695
BNE 1056865 | 1056865
BNE 1056950 | 1056950
BNE 1057090 | 1057090
BNE 1057090 | 1057090
BNE 1057530 | 1057530
BNE 1057530 | 1057530
BNE 1058040 | 1058040
BNE 1058040 | 1058040
BNE 1058230 | 1058230
BNE 1058530 | 1058530
BNE 1058735 | 1058735
BNE 1059035 | 1059035
BNE 1059540 | 1059540




Branch/Lin

k Channel Ch (m) Ch (m) Figure Comment
BNE 1059990 | 1059990
BNE 1060535 | 1060535
BNE 1060535 | 1060535
BNE 1060845 | 1060845
BNE 1060845 | 1060845
BNE 1061015 | 1061015
BNE 1061530 | 1061530
BNE 1062020 | 1062020
BNE 1062020 | 1062020
BNE 1062535 | 1062535
BNE 1062940 | 1062940
BNE 1063125 | 1063125
BNE 1063125 | 1063125
BNE 1063310 | 1063310
BNE 1063645 | 1063645
BNE 1064000 | 1064000
BNE 1064490 | 1064490
BNE 1065010 | 1065010
BNE 1065503 | 1065503
BNE 1065990 | 1065990
BNE 1066505 | 1066505
BNE 1067020 | 1067020
BNE 1067020 | 1067020
BNE 1067485 | 1067485
BNE 1067965 | 1067965
BNE 1068660 | 1068660
BNE 1069045 | 1069045
BNE 1069535 | 1069535
BNE 1070025 | 1070025
BNE 1070530 | 1070530
BNE 1071040 | 1071040
BNE 1071520 | 1071520
BNE 1072015 | 1072015
BNE 1072020 | 1072020
BNE 1072020 | 1072020
BNE 1072515 | 1072515
BNE 1072995 | 1072995
BNE 1073485 | 1073485
BNE 1074000 | 1074000
BNE 1074460 | 1074460
BNE 1074985 | 1074985
BNE 1075480 | 1075480
BNE 1076000 | 1076000
BNE 1076495 | 1076495
BNE 1077010 | 1077010
BNE 1077510 | 1077510
BNE 1078040 | 1078040
BNE 1078525 | 1078525
BNE 1078660 | 1078660




Branch/Link| Ch (m) Ch (m) Figure Comment
Channel
BREM 1000000 1000000
BREM 1000700 1000700
BREM 1001120 1001120
BREM 1001700 1001700
BREM 1002300 1002300
BREM 1002700 1002700
BREM 1003130 Hydraulic Connection redefined from 1003130 to
1003200
BREM 1003130
BREM 1003200 1003200
1003200

_______________________________

———————————————————————————————————————————————————————————————————————

—————————————————————————————————————————————————————————————————————————————————————————————————————————

______________________________

___________________________________________________

__________________________________________________________________________________________________________

__________________________________________________________________________________________________________




Branch/Link| Ch (m) Ch (m) Figure Comment
Channel

BREM 1003700 1003700

BREM 1003840 1003840

BREM 1003840 1003840

BREM 1004150 1004150

BREM 1004320 1004320

BREM 1004320 1004320

BREM 1004590 1004590|0Old_BREM_1 |Hydraulic Connection redefined from 1004650 to
004650 1004590

1004590|New_BREM _

1004590

BREM 1004610 1004610

BREM 1004650

BREM 1004650

T oo fommeeeeee I TP oo e Rt o e B Rty e Ao i-
1 1.00458=+008 ' ' : J : ] : ' . '
.....................................................
_______________________________________________________________________________________________________________________________________________________
--------------------------------------------------------------------------------
.......................................................................................................................

-------------------------------------------------------

_______________________________________________________________________________________________________________________________________________

! ' ' 1.00432e+006
----- T SR P PR v

New_BREM_1004590

Bt T T TR R fommmeene- s Fomeeeenne- T Rt i R Ameeemme e fooemeans i
1 1.004592+006 : : : : : : : : : :
e e
_______________________________________________________________________________________________________________________________________________________
--------------------------------------------------------------------------------
.......................................................................................................................
-------------------------------------------------------
_______________________________________________________________________________________________________________________________________________
: : : 1004322008
""" Y T rmzaTy T
Old_BREM_1004650



New_BREM_1009675

Branch/Link| Ch (m) Ch (m) Figure Comment
Channel
BREM 1004700 1004700
BREM 1005140 1005140
BREM 1005520 1005520
BREM 1005740 1005740
BREM 1006090 1006090
BREM 1006250 1006250
BREM 1006490 1006490
BREM 1006510 1006510
BREM 1006780 1006780
BREM 1007440 1007440
BREM 1007700 1007700
BREM 1008000 1008000
BREM 1008000 1008000
BREM 1008390 1008390
BREM 1008410 1008410
BREM 1008420 1008420
BREM 1008660 1008660
BREM 1009210 1009210
BREM 1009585 Old_BREM_1 |Hydraulic Connection redefined from 1009585 to
009585 1009680
BREM 1009585 New_BREM_
1009675
BREM 1009675 1009675
BREM 1009675
BREM 1009820 Hydraulic Connection amended from Pt 1009820 to
1009856
BREM 1009820
BREM 1009856.2
BREM 1009856.2

k411705,

f1968e+008

g

----------------------------------------------------------------------------------

——————————————————————————————————————————————————————————————————————————————————

1.00986=+008

.....................................................................................




Branch/Link| Ch (m) Ch (m) Figure Comment
Channel
BREM 1010020 1010020
BREM 1010280 1010280
BREM 1010700 1010700
BREM 1010890 1010890
BREM 1011320 1011320
BREM 1011700 1011700
BREM 1011790 1011790
BREM 1011810 1011810
BREM 1012050 1012050
BREM 1012070 1012070
BREM 1012200 1012200
BREM 1012870 1012870
BREM 1013380 1013380
BREM 1013700 1013700
BREM 1014220 1014220
BREM 1014640 1014640
BREM 1015180 1015180
BREM 1015445 1015445
BREM 1015445 1015445
BREM 1015710 1015710
BREM 1016110 1016110
BREM 1016110 1016110
BREM 1016510 1016510
BREM 1017080 1017080
BREM 1017750 1017750
BREM 1018140 1018140
BREM 1018320 1018320
BREM 1018320 1018320
BREM 1018500 1018500
BREM 1018630 1018630
BREM 1018630 1018630
BREM 1018760 1018760
BREM 1019150 1019150




Branch/Link Ch (m) Ch (m) Figure Comment
Channel
BREM 1019580 1019580
BREM 1020000 1020000|New_Brem_1 |Hydraulic connection redefined from 1020450 to
020000 1020000
1020000|New_Brem_1 |refer figure for 1020450
020000
BREM 1020300 Hydraulic connection redefined from 1020300 to
1020450
BREM 1020300 refer figure for 1020450
BREM 1020440
BREM 1020440
BREM 1020450 1020450
1020450
BREM 1020500
BREM 1020500
1020600 Hydraulic connection redefined from 1020450 to
1020600
1020600
13355‘] 1 i | 58 12050 E E E E E
e e e 207 A s = s E
------------------------------- S SEGERCETLRLRRLRE : ' 1,02033
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Branch/Link| Ch (m) Ch (m) Figure Comment
Channel
BREM 1020920 1020920
BREM 1021460 1021460
BREM 1022300 1022300
BREM 1022950 1022950
BREM 1023490 1023490
BREM 1023510 1023510
BREM 1023870 1023870
BREM 1024220 1024220
BREM 1024520 1024520
BREM 1024750 1024750
BREM 1025300 1025300
BREM 1025670 1025670
BREM 1025920 1025920
BREM 1026150 1026150
BREM 1026560 1026560
BREM 1027100 1027100
BREM 1027640 1027640
BREM 1027840 1027840
BREM 1028190 1028190
BREM 1028190 1028190
BREM 1028490 1028490




Branch/Link Ch (m) Ch (m) Figure Comment
Channel

BUND 10000 10000

BUND 10307.5 10307.5

BUND 10615 10615

BUND 11107.5 11107.5

BUND 11600 11600

BUND 11968.33 11968.33

BUND 12336.67 12336.67

BUND 12705 12705

BUND 13165 13165

BUND 13552.5 13552.5

BUND 13940 13940

BUND 14217.5 14217.5

BUND 14495 14495

BUND 14775 14775

BUND 15055 15055

BUND 15377.5 15377.5

BUND 15700 15700

BUND 16047.5 16047.5

BUND 16395 16395

BUND 16647.5 16647.5

BUND 16900 16900

BUND 17215 17215

BUND 17530 17530

BUND 17885 17885

BUND 18307.5 18307.5

BUND 18730 18730

BUND 18750 18750

BUND 19015 19015

BUND 19280 19280

BUND 19540 19540

BUND 19800 19800

BUND 20120 20120

BUND 20440 20440

BUND 20905 20905

BUND 21370 21370

BUND 21727.5 Grid pt redefined

BUND 21745

BUND 22085 New_Bund_ |Hydraulic Connection redefined from 22085 to
22120 22120

BUND 22085 Old_Bund_2
8085

BUND 22120 22120

BUND 22120
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New_Bund_22120 Old_Bund_28085

Branch/Link Ch (m) Ch (m) Figure Comment

Channel

BUND 22452.5 22452.5

BUND 22785 22785

BUND 23150 23150

BUND 23515 23515

BUND 23822.5 23822.5

BUND 24130 24130

BUND 24445 24445

BUND 24760 24760

BUND 25075 25075

BUND 25327.5 25327.5

BUND 25580 25580

BUND 25600 25600

BUND 26070 26070

BUND 26540 26540

BUND 26780 26780

BUND 27280 27280

BUND 27380 27380

BUND 27400 27400

BUND 27655 27655

BUND 27675 27675

Branch/Link Ch (m) Ch (m) Figure Comment

Channel
BUND 28010 28010




BUND 28200 New_Bund_ [Hydraulic connection redefined from 28200 to
28350 28350
BUND 28200 Old_Bund_2
8200
28350 Hydraulic Connection redefined from 28010 to
28350
28350
BUND 28440 Cross Section Removed
BUND 28460 Cross Section Removed
BUND 28480 28480
BUND 28530 28530
BUND 28540 Cross Section Removed & Hydraulic Connection
redefined to 29240
BUND 28560 Hydraulic Connection redefined from 28560 to
29240
BUND 28560
28885 Additional Grid Pt introduced
BUND 28900
BUND 29240 29240
29240

--------------------------------------------------------------------------------------------------------------

...............................................................................................................

New_'Bund_2835(')

Old_Bund_28200
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Branch/Link |[Ch (m) Ch (m) Figure Comment
Channel
BUND 34260 34260
BUND 34305 34305
BUND 34345 34345
BUND 34395 34395
BUND 34760 34760
BUND 35050 35050
BUND 35100 35100
BUND 35120 35120
BUND 35520 35520
BUND 35540 35540
BUND 35730 35730
BUND 36005 36005
BUND 36025 36025
BUND 36297.5 36297.5
BUND 36570 36570
BUND 36840 36840
BUND 37110 37110
BUND 37460 Grid Pt relocated
37510
BUND 37810 New_Bund_ |Hydraulic Connection redefined from 37810 to
37910 37910
BUND 37810 Old_Bund_3
7810
BUND 37910 37910
37910

IEZBD

U | |

- ==L o -

JESRRESEUI E U p

New_Bund_37910

Old_Bund_37810



Branch/Link Ch (m) Ch (m) Figure Comment
Channel
BUND 38280 38280
BUND 38722.5 38722.5
BUND 39165 39165
BUND 39546.67 39546.67
BUND 39928.33 39928.33
BUND 40310 40310
BUND 40670 40670
BUND 41030 41030
Branch/Lin
k Channel Ch (m) Ch (m) | Figure Comment
DEEB 10000 10000
DEEB 10315 10315
DEEB 10588.5 10588.5
DEEB 10862 10862
DEEB 11141 11141
DEEB 11453 11453
DEEB 11837 11837
DEEB 12111 12111
DEEB 12377 12377
DEEB 12643 12643
DEEB 12927 12927
DEEB 12947 12947
DEEB 13165 13165
DEEB 13295 13295
DEEB 13587 13587
DEEB 13888 13888
DEEB 13922 13922
DEEB 14201 14201
DEEB 14486 14486
DEEB 14771 14771
DEEB 14979 14979
DEEB 15159 15159
DEEB 15336 15336
New_Deeb | Hydraulic Connection redefined from 15692 to
DEEB 15682 15682 | 15682 15682
Old_Deeb_
15682 | 15692
DEEB 15692
DEEB 15692
DEEB 15904 15904
DEEB 16035 16035
DEEB 16035 16035
DEEB 16120 16120
Hydraulic connection redefined from 16198 to
DEEB 16198 16215
DEEB 16198
DEEB 16215 16215

16215
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Old_Deeb_15692
Branch/Lin
k Channel Ch (m) Ch (m) | Figure Comment
DEEB 16303 16303
DEEB 16340 16340
DEEB 16609 16609
New_Deeb | Hydraulic connection redefined from 16643 to
DEEB 16635 16635 | 16635 16635
Old_Deeb__
16635 | 16643
DEEB 16643
DEEB 16643
DEEB 16854 16854
DEEB 16960 16960
DEEB 16960 16960
Hydraulic Connection redefined from 17077 to
DEEB 17064 17064 17064
DEEB 17077 17064
DEEB 17077




New_Deeb_ 16635

Branch/Lin
k Channel Ch (m) Ch (m) | Comment
DEEB 17080 17080
DEEB 17317 17317
DEEB 17609 17609
Hydraulic connection redefined from 17629 to

DEEB 17629 17697
DEEB 17629
DEEB 17697 17697

17697
DEEB 17717 17717
DEEB 17902 17902
DEEB 17927 17927
DEEB 18337 18337
DEEB 18357 18357
DEEB 18478 18478
DEEB 18502 18502

Hydraulic connection redefined from 18593to

DEEB 18593 18670
DEEB 18593
DEEB 18670 18670

18670

Old_Deeb_16643
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End of Branch relocated to last Cross section at

19912
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Branch/Lin

k Channel Ch (m) Ch (m) | \Figure Comment
GOOD 10000 10000
GOOD 10275 10275
GOOD 10475 10475
GOOD 10705 10705
GOOD 10925 10925
GOOD 11335 11335
GOOD 11625 11625
GOOD 11945 11945
GOOD 12020 12020
GOOD 12044 12044
GOOD 12155 12155
GOOD 12425 12425
GOOD 12680 12680
GOOD 12935 12935
GOOD 13275 13275
GOOD 13475 13475
GOOD 13675 13675
GOOD 14155 14155
GOOD 14195 14195
GOOD 14265 14265
GOOD 14375 14375
GOOD 14555 14555
GOOD 14575 14575
GOOD 14615 14615
GOOD 14635 14635
GOOD 14735 14735
GOOD 14895 14895
GOOD 14905 14905
GOOD 14920 14920
GOOD 14930 14930
GOOD 14975 14975
GOOD 15350 15350
GOOD 15845 15845
GOOD 16175 16175
GOOD 16355 16355
GOOD 16525 16525
GOOD 16725 16725




Branch/Lin

k Channel Ch (m) Ch (m) | Figure Comment
IRON 10000 10000
IRON 10274 10274
IRON 10563 10563
IRON 10725 10725
IRON 11001 11001
New _lIron_11 | Hydraulic Connection redefined from 11374 to
IRON 11374 422 11422
Old_Iron_113
IRON 11374 74
IRON 11422 11422
11422

NeV\I/_Iron_11I422

Old_Iron_11374



Branch/Lin

k Channel Ch (m) Ch (m) | Figure Comment
IRON 11765 11765
IRON 11794 11794
IRON 12052 12052
IRON 12335 12335
IRON 12618 12618
IRON 12658 12658
IRON 12962.5 12962.5
IRON 13267 13267
IRON 13766 13766
IRON 14107 14107
IRON 14456 14456
IRON 14805 14805
IRON 15139 15139
IRON 15407 15407
IRON 15700 15700
IRON 15887 15887
IRON 16198.5 16198.5
IRON 16510 16510
IRON 16827 16827
IRON 17093 17093
IRON 17336 17336
IRON 17628 17628
IRON 17884 17884
IRON 18031 18031
IRON 18156 18156
IRON 18263 18263
IRON 18363 18363
IRON 18384 18384
IRON 18584 18584




Branch/Li
nk
Channel Ch (m) Ch (m) Figure Comment
MIHI 10000 10000
MIHI 10192 10192
MIHI 10513 10513
MIHI 10711 10711
MIHI 10747 10747
MIHI 10887 10887
New_MIHI_1103 | Hydraulic connection redefined from 11030

MIHI 11030 6 to 11036
MIHI 11030 Old_MIHI_11030

11036

11036

New_MIHI_11036 Old_MIHI_11030
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Branch/Li

nk

Channel Ch (m) Ch (m) Figure Comment
MIHI 12230 12230
MIHI 12485 12485
MIHI 12630 12630
MIHI 12764 12764
MIHI 12921 12921
MIHI 13121 13121
Branch/Li
nk
Channel Ch (m) Ch (m) | Figure Comment
MIHI_BR1 1292 1292
MIHI_BR1 1352 1352
MIHI_BR1 1412 1412
MIHI_BR1 1471 1471
MIHI_BR1 1827 1827
MIHI_BR1 2072 2072
MIHI_BR1 2346 2346
MIHI_BR1 2563 2563
MIHI_BR1 2597 2597
MIHI_BR1 2700 2700




Branch/Li

nk

Channel Ch (m) Ch (m) | Figure Comment
MIHI BR1 1292 1292
MIHI BR1 1352 1352
MIHI_BR1 1412 1412
MIHI_BR1 1471 1471
MIHI BR1 1827 1827
MIHI BR1 2072 2072
MIHI BR1 2346 2346
MIHI BR1 2563 2563
MIHI BR1 2597 2597
MIHI BR1 2700 2700




Branch/Li

nk
Channel Ch (m) Ch (m) | Figure Comment
PURGA 100000 100000
New_ WAR_1044 | Hydraulic Connection redefined from
PURGA 100432 100432 | 44 100773 to 100432
Old_WAR_10428
100432 | 7
100772.5
PURGA 100773
PURGA 100773
PURGA 101113 101113
Hydraulic connection redefined from

PURGA 101479 101479 to 101546
PURGA 101479

101546

101546
PURGA 101845 101845
PURGA 102174 102174
PURGA 102174 102174
PURGA 102502 102502




APPENDIX C

Roughness Conditions Applied in Previous Studies.
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Roughness

SKM
SKM Lower
Lower Ipswich KBR
Ipswich Rivers KBR Upper
Rivers Model |Wivenhoe| Adjustments | Bremer
Model 1989 Alliance |to SKM Lower| River
1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)
BNE 964170 0.085 0.080 0.085 - -
BNE 966610 0.085 0.080 0.085 - -
BNE 967410 0.085 0.080 0.085 - -
BNE 969790 0.085 0.080 0.085 - -
BNE 971160 0.085 0.080 0.085 - -
BNE 972260 0.085 0.080 0.085 - -
BNE 972600 0.085 0.080 0.085 - -
BNE 973260 0.030 0.025 0.03 - -
BNE 974580 0.030 0.025 0.03 - -
BNE 976020 0.130 0.125 0.03 - -
BNE 976750 0.130 0.125 0.13 - -
BNE 976750 0.130 0.125 0.13 - -
BNE 978280 0.130 0.125 0.13 - -
BNE 979507 0.130 0.125 0.13 - -
BNE 979513 0.130 0.125 0.13 - -
BNE 979530 0.082 0.077 0.082 - -
BNE 980330 0.082 0.077 0.082 - -
BNE 981660 0.082 0.077 0.082 - -
BNE 981960 0.082 0.077 0.082 - -
BNE 982460 0.082 0.077 0.082 - -
BNE 984160 0.082 0.077 0.082 - -
BNE 985260 0.082 0.077 0.082 - -
BNE 986480 0.082 0.077 0.082 - -
BNE 987960 0.120 0.115 0.12 - -
BNE 988160 0.120 0.115 0.12 - -
BNE 988360 0.120 0.115 0.12 - -
BNE 989700 0.085 0.080 0.085 - -
BNE 990700 0.085 0.080 0.085 - -
BNE 990760 0.090 0.085 0.09 - -
BNE 991710 0.090 0.085 0.09 - -
BNE 992420 0.090 0.085 0.09 - -
BNE 992450 0.090 0.085 0.09 - -
BNE 992470 0.090 0.085 0.09 - -
BNE 992670 0.085 0.080 0.085 - -
BNE 993760 0.090 0.085 0.09 - -
BNE 994760 0.090 0.085 0.09 - -
BNE 995690 0.090 0.085 0.09 - -
BNE 996980 0.090 0.085 0.09 - -
BNE 998460 0.080 0.075 0.08 - -
BNE 999160 0.090 0.085 0.09 - -
BNE 1000000 0.080 0.065 0.08 - -
BNE 1000285 0.080 0.065 0.08 - -
BNE 1000775 0.080 0.065 0.08 - -
BNE 1001315 0.070 0.065 0.07 - -
BNE 1001865 0.070 0.065 0.07 - -
BNE 1002350 0.065 0.065 0.065 - -
BNE 1002785 0.065 0.065 0.065 - -
BNE 1003275 0.075 0.065 0.075 - -
BNE 1003775 0.075 0.065 0.075 - -
BNE 1004300 0.065 0.065 0.065 - -
BNE 1004810 0.065 0.065 0.065 - -
BNE 1005325 0.065 0.055 0.065 - -
BNE 1005870 0.065 0.035 0.065 - -
BNE 1006300 0.070 0.035 0.074 - -
BNE 1006910 0.070 0.035 0.074 - -
BNE 1007410 0.050 0.035 0.053 - -
BNE 1007920 0.065 0.035 0.068 - -
BNE 1008445 0.055 0.035 0.058 - -
BNE 1008925 0.040 0.035 0.042 - -
BNE 1009400 0.040 0.035 0.042 - -
BNE 1009820 0.040 0.035 0.042 - -
BNE 1010490 0.040 0.035 0.042 - -
BNE 1010725 0.040 0.035 0.042 - -
BNE 1010980 0.040 0.035 0.042 - -
BNE 1011510 0.040 0.035 0.042 - -
BNE 1011980 0.055 0.035 0.058 - -
BNE 1012475 0.053 0.035 0.056 - -
BNE 1012935 0.058 0.035 0.061 - -
BNE 1013445 0.063 0.035 0.066 - -
BNE 1013920 0.065 0.035 0.068 - -
BNE 1014110 0.065 0.035 0.068 - -
BNE 1014610 0.065 0.035 0.068 - -
BNE 1015090 0.065 0.035 0.068 - -
BNE 1015560 0.065 0.040 0.068 - -
BNE 1016140 0.065 0.040 0.068 - -
BNE 1016640 0.065 0.040 0.068 - -
BNE 1017130 0.068 0.040 0.071 - -
BNE 1017610 0.068 0.040 0.071 - -
BNE 1017920 0.068 0.040 0.071 - -
BNE 1018200 0.073 0.040 0.077 - -
BNE 1018725 0.073 0.040 0.077 - -
BNE 1019095 0.073 0.040 0.077 - -
BNE 1019490 0.073 0.040 0.077 - -
BNE 1019865 0.073 0.040 0.077 - -
BNE 1020115 0.073 0.040 0.077 - -
BNE 1020525 0.073 0.040 0.077 - -
BNE 1020830 0.073 0.040 0.077 - -
BNE 1021095 0.073 0.040 0.077 - -
BNE 1021539 0.068 0.040 0.071 - -
BNE 1021715 0.068 0.040 0.071 - -
BNE 1021895 0.068 0.040 0.071 - -
BNE 1022105 0.068 0.040 0.071 - -
BNE 1022575 0.043 0.040 0.045 - -
BNE 1023040 0.043 0.040 0.045 - -
BNE 1023570 0.043 0.040 0.045 - -
BNE 1024080 0.043 0.040 0.045 - -
BNE 1024563 0.053 0.040 0.056 - -
BNE 1025070 0.053 0.040 0.056 - -
BNE 1025360 0.053 0.040 0.056 - -
BNE 1025590 0.053 0.040 0.056 - -
BNE 1026170 0.053 0.040 0.056 - -
BNE 1026680 0.053 0.040 0.056 - -
BNE 1026900 0.053 0.040 0.056 - -
BNE 1027160 0.053 0.040 0.056 - -
BNE 1027680 0.028 0.040 0.029 - -
BNE 1028180 0.028 0.040 0.029 - -
BNE 1028680 0.028 0.040 0.029 - -
BNE 1028760 0.033 0.040 0.035 - -
BNE 1029200 0.033 0.040 0.035 - -
BNE 1029680 0.028 0.040 0.029 - -




Roughness

SKM
SKM Lower
Lower Ipswich KBR
Ipswich Rivers KBR Upper
Rivers Model |Wivenhoe| Adjustments | Bremer
Model 1989 Alliance |to SKM Lower| River
1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)
BNE 1030220 0.028 0.040 0.029 - -
BNE 1030870 0.028 0.040 0.029 - -
BNE 1031260 0.048 0.045 0.05 - -
BNE 1031700 0.073 0.045 0.077 - -
BNE 1031995 0.073 0.045 0.077 - -
BNE 1032230 0.063 0.045 0.066 - -
BNE 1032585 0.073 0.045 0.077 - -
BNE 1033080 0.053 0.045 0.056 - -
BNE 1033370 0.053 0.045 0.056 - -
BNE 1033900 0.048 0.045 0.05 - -
BNE 1034370 0.048 0.045 0.05 - -
BNE 1034414/ 0.063 0.045 0.066 - -
BNE 1034890 0.058 0.045 0.061 - -
BNE 1035900 0.063 0.045 0.066 - -
BNE 1036460 0.063 0.045 0.066 - -
BNE 1036770 0.063 0.045 0.066 - -
BNE 1036915 0.063 0.045 0.066 - -
BNE 1037090 0.063 0.045 0.066 - -
BNE 1037175 0.053 0.045 0.056 - -
BNE 1037285 0.053 0.045 0.056 - -
BNE 1037625 0.053 0.045 0.056 - -
BNE 1038085 0.028 0.045 0.029 - -
BNE 1038600 0.028 0.040 0.029 - -
BNE 1039100 0.028 0.040 0.029 - -
BNE 1039565 0.028 0.040 0.029 - -
BNE 1040090 0.028 0.040 0.029 - -
BNE 1040490 0.028 0.040 0.029 - -
BNE 1041010 0.058 0.045 0.061 - -
BNE 1041230 0.058 0.045 0.061 - -
BNE 1041460 0.058 0.055 0.061 - -
BNE 1041700 0.058 0.055 0.061 - -
BNE 1041960 0.058 0.055 0.061 - -
BNE 1042235 0.058 0.055 0.061 - -
BNE 1042515 0.058 0.055 0.061 - -
BNE 1042910 0.058 0.055 0.061 - -
BNE 1043725 0.058 0.055 0.061 - -
BNE 1044060 0.068 0.055 0.071 - -
BNE 1044340 0.068 0.055 0.071 - -
BNE 1044605 0.068 0.055 0.071 - -
BNE 1044860 0.068 0.055 0.071 - -
BNE 1045400 0.068 0.055 0.071 - -
BNE 1045885 0.068 0.055 0.071 - -
BNE 1046180 0.068 0.045 0.071 - -
BNE 1046340 0.068 0.045 0.071 - -
BNE 1046580 0.068 0.045 0.071 - -
BNE 1046900 0.068 0.045 0.071 - -
BNE 1047350 0.068 0.045 0.071 - -
BNE 1047915 0.048 0.045 0.05 - -
BNE 1048375 0.048 0.045 0.05 - -
BNE 1048890 0.048 0.045 0.05 - -
BNE 1049120 0.048 0.045 0.05 - -
BNE 1049370 0.048 0.045 0.05 - -
BNE 1049590 0.043 0.035 0.045 - -
BNE 1049870 0.043 0.028 0.045 - -
BNE 1050430 0.028 0.028 0.029 - -
BNE 1050860 0.028 0.028 0.029 - -
BNE 1051360 0.028 0.028 0.029 - -
BNE 1051895 0.028 0.030 0.029 - -
BNE 1052310 0.028 0.025 0.029 - -
BNE 1052390 0.028 0.025 0.029 - -
BNE 1052595 0.028 0.025 0.029 - -
BNE 1052640 0.043 0.025 0.045 - -
BNE 1052865 0.048 0.025 0.05 - -
BNE 1053320 0.058 0.025 0.061 - -
BNE 1053385 0.058 0.025 0.061 - -
BNE 1053900 0.058 0.040 0.061 - -
BNE 1054490 0.058 0.040 0.061 - -
BNE 1054640 0.058 0.040 0.061 - -
BNE 1054680 0.058 0.040 0.061 - -
BNE 1054760 0.048 0.040 0.05 - -
BNE 1054970 0.033 0.035 0.035 - -
BNE 1055280 0.033 0.035 0.035 - -
BNE 1055420 0.033 0.035 0.035 - -
BNE 1055960 0.033 0.035 0.035 - -
BNE 1056400 0.033 0.035 0.035 - -
BNE 1056695 0.048 0.040 0.05 - -
BNE 1056865 0.038 0.005 0.04 - -
BNE 1056950 0.038 0.005 0.04 - -
BNE 1057090 0.038 0.045 0.04 - -
BNE 1057530 0.038 0.045 0.04 - -
BNE 1058040 0.038 0.045 0.04 - -
BNE 1058230 0.038 0.045 0.04 - -
BNE 1058530 0.038 0.045 0.04 - -
BNE 1058735 0.048 0.045 0.05 - -
BNE 1059035 0.048 0.045 0.05 - -
BNE 1059540 0.048 0.045 0.05 - -
BNE 1059990 0.048 0.040 0.05 - -
BNE 1060535 0.043 0.030 0.045 - -
BNE 1060845 0.033 0.030 0.035 - -
BNE 1061015 0.033 0.030 0.035 - -
BNE 1061530 0.033 0.031 0.035 - -
BNE 1062020 0.033 0.031 0.035 - -
BNE 1062535 0.033 0.031 0.035 - -
BNE 1062940 0.033 0.031 0.035 - -
BNE 1063310 0.048 0.040 0.05 - -
BNE 1063645 0.029 0.040 0.03 - -
BNE 1064000 0.029 0.023 0.03 - -
BNE 1064490 0.029 0.023 0.03 - -
BNE 1065010 0.029 0.023 0.03 - -
BNE 1065503 0.029 0.023 0.03 - -
BNE 1065990 0.029 0.023 0.03 - -
BNE 1066505 0.029 0.023 0.03 - -
BNE 1067020 0.029 0.023 0.03 - -
BNE 1067485 0.029 0.023 0.03 - -
BNE 1067965 0.029 0.023 0.03 - -
BNE 1068660 0.029 0.024 0.03 - -
BNE 1069045 0.029 0.024 0.03 - -
BNE 1069535 0.029 0.024 0.03 - -
BNE 1070025 0.029 0.024 0.03 - -
BNE 1070530 0.029 0.024 0.03 - -




Roughness

SKM
SKM Lower

Lower Ipswich KBR

Ipswich Rivers KBR Upper

Rivers Model |Wivenhoe| Adjustments | Bremer

Model 1989 Alliance |to SKM Lower| River

1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)

BNE 1071040 0.029 0.024 0.03 - -
BNE 1071520 0.029 0.024 0.03 - -
BNE 1072015 0.029 0.024 0.03 - -
BNE 1072515 0.029 0.024 0.03 - -
BNE 1072995 0.029 0.024 0.03 - -
BNE 1073485 0.029 0.024 0.03 - -
BNE 1074000 0.029 0.024 0.03 - -
BNE 1074460 0.029 0.024 0.03 - -
BNE 1074985 0.029 0.024 0.03 - -
BNE 1075480 0.029 0.024 0.03 - -
BNE 1076000 0.029 0.024 0.03 - -
BNE 1076495 0.029 0.024 0.03 - -
BNE 1077010 0.029 0.024 0.03 - -
BNE 1077510 0.029 0.024 0.03 - -
BNE 1078040 0.029 0.024 0.03 - -
BNE 1078525 0.029 0.024 0.03 - -
BNE 1078660 0.029 0.024 0.03 - -
BREAKFAST 599400 0.06 0.07 0.06 - -
BREAKFAST 600000 0.06 0.07 0.06 - -
BREM 1000000 0.13 0.07 0.13 0.08 -
BREM 1000700 0.13 0.07 0.13 0.08 -
BREM 1001120 0.13 0.07 0.13 0.08 -
BREM 1001700 0.14 0.07 0.14 0.08 -
BREM 1002300 0.14 0.07 0.14 0.08 -
BREM 1002700 0.14 0.07 0.14 0.08 -
BREM 1003200 0.12 0.07 0.12 0.08 -
BREM 1003700 0.12 0.07 0.12 0.08 -
BREM 1004150 0.12 0.07 0.12 0.08 -
BREM 1004590 0.12 0.07 0.12 0.08 -
BREM 1004610 0.1 0.07 0.1 0.08 -
BREM 1004700 0.1 0.07 0.1 0.08 -
BREM 1005140 0.1 0.07 0.1 0.08 -
BREM 1005520 0.1 0.07 0.1 0.08 -
BREM 1005740 0.1 0.07 0.1 0.08 -
BREM 1006090 0.1 0.07 0.1 0.08 -
BREM 1006250 0.1 0.07 0.1 0.08 -
BREM 1006490 0.085 0.07 0.085 0.08 -
BREM 1006510 0.085 0.07 0.085 0.08 -
BREM 1006780 0.085 0.07 0.085 0.08 -
BREM 1007440 0.085 0.07 0.085 0.08 -
BREM 1007700 0.11 0.07 0.11 0.08 -
BREM 1008000 0.11 0.07 0.11 0.08 -
BREM 1008390 0.11 0.07 0.11 0.08 -
BREM 1008410 0.11 0.07 0.11 0.08 -
BREM 1008420 0.11 0.07 0.11 0.08 -
BREM 1008660 0.11 0.07 0.11 0.08 -
BREM 1009210 0.13 0.07 0.13 0.08 -
BREM 1009675 0.13 0.07 0.13 0.08 -
BREM 1010020 0.13 0.07 0.13 0.08 -
BREM 1010280 0.11 0.07 0.11 0.08 -
BREM 1010700 0.11 0.07 0.11 0.08 -
BREM 1010890 0.11 0.07 0.11 0.08 -
BREM 1011320 0.11 0.07 0.11 0.08 -
BREM 1011700 0.11 0.07 0.11 0.08 -
BREM 1011790 0.11 0.07 0.11 0.08 -
BREM 1011810 0.11 0.07 0.11 0.08 -
BREM 1012050 0.05 0.04 0.05 - -
BREM 1012070 0.05 0.04 0.05 - -
BREM 1012200 0.05 0.04 0.05 - -
BREM 1012870 0.05 0.04 0.05 - -
BREM 1013380 0.05 0.04 0.05 - -
BREM 1013700 0.05 0.04 0.05 - -
BREM 1014220 0.05 0.04 0.05 - -
BREM 1014640 0.05 0.04 0.05 - -
BREM 1015180 0.05 0.04 0.05 - -
BREM 1015445 0.05 0.04 0.05 - -
BREM 1015445 0.05 0.04 0.05 - -
BREM 1015710 0.05 0.04 0.05 - -
BREM 1016110 0.05 0.04 0.05 - -
BREM 1016110 0.05 0.04 0.05 - -
BREM 1016510 0.05 0.04 0.05 - -
BREM 1017080 0.05 0.04 0.05 - -
BREM 1017750 0.05 0.04 0.05 - -
BREM 1018140 0.05 0.04 0.05 - -
BREM 1018320 0.05 0.04 0.05 - -
BREM 1018320 0.05 0.04 0.05 - -
BREM 1018500 0.05 0.04 0.05 - -
BREM 1018630 0.05 0.04 0.05 - -
BREM 1018630 0.05 0.04 0.05 - -
BREM 1018760 0.05 0.04 0.05 - -
BREM 1019150 0.05 0.04 0.05 - -
BREM 1019580 0.05 0.04 0.05 - -
BREM 1020000 0.09 0.055 0.09 0.08 -
BREM 1020300 0.09 0.055 0.09 0.08 -
BREM 1020300 0.09 0.055 0.09 0.08 -
BREM 1020450 0.09 0.055 0.09 0.08 -
BREM 1020920 0.09 0.055 0.09 0.08 -
BREM 1021460 0.09 0.055 0.09 0.08 -
BREM 1022300 0.09 0.055 0.09 0.08 -
BREM 1022950 0.09 0.055 0.09 0.08 -
BREM 1023490 0.09 0.055 0.09 0.08 -
BREM 1023510 0.09 0.055 0.09 0.08 -
BREM 1023870 0.09 0.055 0.09 0.08 -
BREM 1024220 0.09 0.055 0.09 0.08 -
BREM 1024520 0.09 0.055 0.09 0.08 -
BREM 1024750 0.09 0.055 0.09 0.08 -
BREM 1025300 0.09 0.055 0.09 0.08 -
BREM 1025670 0.09 0.055 0.09 0.08 -
BREM 1025920 0.09 0.055 0.09 0.08 -
BREM 1026150 0.09 0.055 0.09 0.08 -
BREM 1026560 0.09 0.055 0.09 0.08 -
BREM 1027100 0.09 0.055 0.09 0.08 -
BREM 1027640 0.09 0.055 0.09 0.08 -
BREM 1027840 0.09 0.055 0.09 0.08 -
BREM 1028190 0.09 0.055 0.09 0.08 -
BREM 1028190 0.09 0.055 0.09 0.08 -
BREM 1028490 0.09 0.055 0.09 0.08 -
BREMBRISLINK1 0 0.06 0.07 0.06 - -
BREMBRISLINK1 150 0.06 0.07 0.06 - -
Bremer 0 - - - - 0.045




Roughness

SKM
SKM Lower

Lower Ipswich KBR

Ipswich Rivers KBR Upper

Rivers Model |Wivenhoe| Adjustments | Bremer

Model 1989 Alliance |to SKM Lower| River

1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)

Bremer 30791 - - - - 0.045
Bremer-BoonahNew 9869 - - - - 0.045
Bremer-BoonahNew 29213 - - - - 0.045
BREMLINKBRANCH1 0 0.06 0.055 0.06 - -
BREMLINKBRANCH1 10 0.06 0.055 0.06 - -
BREMLINKBRANCH2 0 0.06 0.055 0.06 - -
BREMLINKBRANCH2 50 0.06 0.055 0.06 - -
BULIMBA 599400 0.06 0.06 0.06 - -
BULIMBA 600000 0.06 0.06 0.06 - -
BUND 10000 0.08 0.05 0.08 - -
BUND 10307 0.08 0.05 0.08 - -
BUND 10615 0.08 0.05 0.08 - -
BUND 11108 0.08 0.05 0.08 - -
BUND 11600 0.08 0.05 0.08 - -
BUND 11968 0.08 0.05 0.08 - -
BUND 12337 0.08 0.05 0.08 - -
BUND 12705 0.08 0.05 0.08 - -
BUND 13165 0.08 0.05 0.08 - -
BUND 13553 0.08 0.05 0.08 - -
BUND 13940 0.08 0.05 0.08 - -
BUND 14217 0.08 0.05 0.08 - -
BUND 14495 0.08 0.05 0.08 - -
BUND 14775 0.08 0.05 0.08 - -
BUND 15055 0.08 0.05 0.08 - -
BUND 15378 0.08 0.05 0.08 - -
BUND 15700 0.08 0.05 0.08 - -
BUND 16047 0.08 0.05 0.08 - -
BUND 16395 0.08 0.05 0.08 - -
BUND 16648 0.08 0.05 0.08 - -
BUND 16900 0.08 0.05 0.08 - -
BUND 17215 0.08 0.05 0.08 - -
BUND 17530 0.08 0.05 0.08 - -
BUND 17885 0.08 0.05 0.08 - -
BUND 18308 0.08 0.05 0.08 - -
BUND 18730 0.08 0.05 0.08 - -
BUND 18750 0.08 0.05 0.08 - -
BUND 19015 0.08 0.05 0.08 - -
BUND 19280 0.08 0.05 0.08 - -
BUND 19540 0.08 0.05 0.08 - -
BUND 19800 0.08 0.05 0.08 - -
BUND 20120 0.08 0.05 0.08 - -
BUND 20440 0.08 0.05 0.08 - -
BUND 20905 0.08 0.05 0.08 - -
BUND 21370 0.08 0.05 0.08 - -
BUND 21727 0.08 0.05 0.08 - -
BUND 22085 0.08 0.05 0.08 - -
BUND 22085 0.08 0.05 0.08 - -
BUND 22120 0.08 0.05 0.08 - -
BUND 22453 0.08 0.05 0.08 - -
BUND 22785 0.08 0.05 0.08 - -
BUND 23150 0.08 0.05 0.08 - -
BUND 23515 0.08 0.05 0.08 - -
BUND 23823 0.08 0.05 0.08 - -
BUND 24130 0.08 0.05 0.08 - -
BUND 24445 0.08 0.05 0.08 - -
BUND 24760 0.08 0.05 0.08 - -
BUND 25075 0.08 0.05 0.08 - -
BUND 25328 0.08 0.05 0.08 - -
BUND 25580 0.08 0.05 0.08 - -
BUND 25600 0.08 0.05 0.08 - -
BUND 26070 0.08 0.05 0.08 - -
BUND 26540 0.08 0.05 0.08 - -
BUND 26780 0.08 0.05 0.08 - -
BUND 27280 0.08 0.05 0.08 - -
BUND 27380 0.08 0.05 0.08 - -
BUND 27400 0.08 0.05 0.08 - -
BUND 27655 0.08 0.05 0.08 - -
BUND 27675 0.08 0.05 0.08 - -
BUND 28010 0.08 0.05 0.08 - -
BUND 28200 0.08 0.05 0.08 - -
BUND 28200 0.08 0.05 0.08 - -
BUND 28440 0.08 0.05 0.08 - -
BUND 28460 0.08 0.05 0.08 - -
BUND 28480 0.08 0.05 0.08 - -
BUND 28540 0.08 0.05 0.08 - -
BUND 28560 0.08 0.05 0.08 - -
BUND 28900 0.08 0.05 0.08 - -
BUND 29240 0.06 0.05 0.06 - -
BUND 29550 0.06 0.05 0.06 - -
BUND 29910 0.06 0.05 0.06 - -
BUND 30215 0.06 0.045 0.06 - -
BUND 30520 0.06 0.045 0.06 - -
BUND 30940 0.06 0.045 0.06 - -
BUND 31360 0.06 0.045 0.06 - -
BUND 31630 0.06 0.045 0.06 - -
BUND 31980 0.06 0.045 0.06 - -
BUND 32000 0.06 0.045 0.06 - -
BUND 32150 0.06 0.045 0.06 - -
BUND 32350 0.06 0.045 0.06 - -
BUND 32370 0.06 0.045 0.06 - -
BUND 32675 0.06 0.045 0.06 - -
BUND 32980 0.06 0.045 0.06 - -
BUND 33320 0.06 0.045 0.06 - -
BUND 33660 0.06 0.045 0.06 - -
BUND 33950 0.06 0.045 0.06 - -
BUND 33950 0.06 0.045 0.06 - -
BUND 34000 0.04 0.045 0.04 - -
BUND 34260 0.04 0.045 0.04 - -
BUND 34305 0.04 0.045 0.04 - -
BUND 34345 0.04 0.045 0.04 - -
BUND 34395 0.04 0.045 0.04 - -
BUND 34760 0.04 0.045 0.04 - -
BUND 35050 0.04 0.045 0.04 - -
BUND 35100 0.04 0.045 0.04 - -
BUND 35120 0.04 0.045 0.04 - -
BUND 35520 0.04 0.045 0.04 - -
BUND 35540 0.04 0.045 0.04 - -
BUND 35730 0.04 0.045 0.04 - -
BUND 36005 0.04 0.045 0.04 - -
BUND 36025 0.04 0.045 0.04 - -




Roughness

SKM
SKM Lower

Lower Ipswich KBR

Ipswich Rivers KBR Upper

Rivers Model |Wivenhoe| Adjustments | Bremer

Model 1989 Alliance |to SKM Lower| River

1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)

BUND 36297 0.04 0.045 0.04 - -
BUND 36570 0.04 0.045 0.04 - -
BUND 36840 0.04 0.045 0.04 - -
BUND 37110 0.04 0.045 0.04 - -
BUND 37460 0.04 0.045 0.04 - -
BUND 37810 0.04 0.045 0.04 - -
BUND 37810 0.04 0.045 0.04 - -
BUND 37910 0.04 0.045 0.04 - -
BUND 38280 0.04 0.045 0.04 - -
BUND 38722 0.04 0.045 0.04 - -
BUND 39165 0.04 0.045 0.04 - -
BUND 39547 0.04 0.045 0.04 - -
BUND 39928 0.04 0.045 0.04 - -
BUND 40310 0.04 0.045 0.04 - -
BUND 40670 0.04 0.045 0.04 - -
BUND 41030 0.04 0.045 0.04 - -
BUND# 0 0.06 0.06 0.06 - -
BUND# 90 0.06 0.06 0.06 - -
DEEB 10000 0.05 0.05 0.05 - -
DEEB 10315 0.05 0.05 0.05 - -
DEEB 10572 0.05 0.05 0.05 - -
DEEB 10862 0.05 0.05 0.05 - -
DEEB 11080 0.05 0.05 0.05 - -
DEEB 11141 0.05 0.05 0.05 - -
DEEB 11453 0.05 0.05 0.05 - -
DEEB 11837 0.05 0.05 0.05 - -
DEEB 12080 0.05 0.05 0.05 - -
DEEB 12111 0.05 0.05 0.05 - -
DEEB 12407 0.05 0.05 0.05 - -
DEEB 12643 0.05 0.05 0.05 - -
DEEB 12887 0.05 0.05 0.05 - -
DEEB 12971 0.05 0.05 0.05 - -
DEEB 13165 0.05 0.05 0.05 - -
DEEB 13295 0.05 0.05 0.05 - -
DEEB 13587 0.05 0.05 0.05 - -
DEEB 13881 0.05 0.05 0.05 - -
DEEB 13929 0.05 0.05 0.05 - -
DEEB 14201 0.05 0.05 0.05 - -
DEEB 14446 0.05 0.05 0.05 - -
DEEB 14771 0.05 0.05 0.05 - -
DEEB 14979 0.05 0.05 0.05 - -
DEEB 15159 0.05 0.05 0.05 - -
DEEB 15336 0.05 0.05 0.05 - -
DEEB 15682 0.05 0.05 0.05 - -
DEEB 15904 0.05 0.05 0.05 - -
DEEB 16215 0.05 0.05 0.05 - -
DEEB 16303 0.05 0.05 0.05 - -
DEEB 16340 0.05 0.05 0.05 - -
DEEB 16609 0.05 0.05 0.05 - -
DEEB 16635 0.05 0.05 0.05 - -
DEEB 16854 0.05 0.05 0.05 - -
DEEB 17064 0.05 0.05 0.05 - -
DEEB 17157 0.05 0.05 0.05 - -
DEEB 17317 0.05 0.05 0.05 - -
DEEB 17609 0.05 0.05 0.05 - -
DEEB 17880 0.05 0.05 0.05 - -
DEEB 18252 0.05 0.05 0.05 - -
DEEB 18493 0.05 0.05 0.05 - -
DEEB 18670 0.05 0.05 0.05 - -
DEEB 18795 0.05 0.05 0.05 - -
DEEB 18936 0.05 0.05 0.05 - -
DEEB 19087 0.05 0.05 0.05 - -
DEEB 19247 0.05 0.05 0.05 - -
DEEB 19401 0.05 0.05 0.05 - -
DEEB 19537 0.05 0.05 0.05 - -
DEEB 19607 0.05 0.05 0.05 - -
DEEB 19702 0.05 0.05 0.05 - -
DEEB 19912 0.05 0.05 0.05 - -
Frank_West_Weirl 0 - - - - 0.045
Frank_West_Weirl 20 - - - - 0.045
Frank_West_Weir2 0 - - - - 0.045
Frank_West_Weir2 20 - - - - 0.045
Franklinvale 0 - - - - 0.045
Franklinvale 20087 - - - - 0.045
GOOD 10000 0.06 0.06 0.06 - -
GOOD 10092 0.06 0.06 0.06 - -
GOOD 10183 0.06 0.06 0.06 - -
GOOD 10275 0.06 0.06 0.06 - -
GOOD 10375 0.06 0.06 0.06 - -
GOOD 10475 0.06 0.06 0.06 - -
GOOD 10552 0.06 0.06 0.06 - -
GOOD 10628 0.06 0.06 0.06 - -
GOOD 10705 0.06 0.06 0.06 - -
GOOD 10778 0.06 0.06 0.06 - -
GOOD 10852 0.06 0.06 0.06 - -
GOOD 10925 0.06 0.06 0.06 - -
GOOD 11007 0.06 0.06 0.06 - -
GOOD 11089 0.06 0.06 0.06 - -
GOOD 11171 0.06 0.06 0.06 - -
GOOD 11253 0.06 0.06 0.06 - -
GOOD 11335 0.06 0.06 0.06 - -
GOOD 11432 0.06 0.06 0.06 - -
GOOD 11528 0.06 0.06 0.06 - -
[GOOD 11625 0.06 0.06 0.06 - -
[GOOD 11705 0.06 0.06 0.06 - -
[GOOD 11785 0.06 0.06 0.06 - -
[GOOD 11865 0.06 0.06 0.06 - -
[GOOD 11945 0.06 0.06 0.06 - -
[GOOD 12020 0.06 0.06 0.06 - -
[GOOD 12044 0.06 0.06 0.06 - -
[GOOD 12100 0.06 0.06 0.06 - -
[GOOD 12155 0.06 0.06 0.06 - -
[GOOD 12245 0.06 0.06 0.06 - -
GOOD 12335 0.06 0.06 0.06 - -
GOOD 12425 0.06 0.06 0.06 - -
GOOD 12510 0.06 0.06 0.06 - -
GOOD 12595 0.06 0.06 0.06 - -
GOOD 12680 0.06 0.06 0.06 - -
GOOD 12765 0.06 0.06 0.06 - -
GOOD 12850 0.06 0.06 0.06 - -




Roughness

SKM
SKM Lower
Lower Ipswich KBR
Ipswich Rivers KBR Upper
Rivers Model |Wivenhoe| Adjustments | Bremer
Model 1989 Alliance |to SKM Lower| River
1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)
GOOD 12935 0.06 0.06 0.06 - -
GOOD 13020 0.06 0.06 0.06 - -
GOOD 13105 0.06 0.06 0.06 - -
GOOD 13190 0.06 0.06 0.06 - -
GOOD 13275 0.06 0.06 0.06 - -
GOOD 13375 0.06 0.06 0.06 - -
GOOD 13475 0.06 0.06 0.06 - -
GOOD 13575 0.06 0.06 0.06 - -
GOOD 13675 0.06 0.06 0.06 - -
GOOD 13771 0.06 0.06 0.06 - -
GOOD 13867 0.06 0.06 0.06 - -
GOOD 13963 0.06 0.06 0.06 - -
GOOD 14059 0.06 0.06 0.06 - -
GOOD 14155 0.06 0.06 0.06 - -
GOOD 14195 0.06 0.06 0.06 - -
GOOD 14265 0.06 0.06 0.06 - -
GOOD 14320 0.06 0.06 0.06 - -
GOOD 14375 0.06 0.06 0.06 - -
GOOD 14465 0.06 0.06 0.06 - -
[GOOD 14555 0.06 0.06 0.06 - -
[GOOD 14575 0.06 0.06 0.06 - -
[GOOD 14615 0.06 0.06 0.06 - -
[GOOD 14635 0.06 0.06 0.06 - -
[GOOD 14735 0.06 0.06 0.06 - -
[GOOD 14815 0.06 0.06 0.06 - -
[GOOD 14895 0.06 0.06 0.06 - -
[GOOD 14905 0.06 0.06 0.06 - -
[GOOD 14920 0.06 0.06 0.06 - -
GOOD 14930 0.06 0.06 0.06 - -
GOOD 14975 0.06 0.06 0.06 - -
GOOD 15069 0.06 0.06 0.06 - -
GOOD 15163 0.06 0.06 0.06 - -
GOOD 15256 0.06 0.06 0.06 - -
GOOD 15350 0.06 0.06 0.06 - -
GOOD 15449 0.06 0.06 0.06 - -
GOOD 15548 0.06 0.06 0.06 - -
GOOD 15647 0.06 0.06 0.06 - -
GOOD 15746 0.06 0.06 0.06 - -
GOOD 15845 0.06 0.06 0.06 - -
GOOD 15928 0.06 0.06 0.06 - -
GOOD 16010 0.06 0.06 0.06 - -
GOOD 16093 0.06 0.06 0.06 - -
GOOD 16175 0.06 0.06 0.06 - -
GOOD 16265 0.06 0.06 0.06 - -
GOOD 16355 0.06 0.06 0.06 - -
GOOD 16440 0.06 0.06 0.06 - -
GOOD 16525 0.06 0.06 0.06 - -
GOOD 16625 0.06 0.06 0.06 - -
GOOD 16725 0.06 0.06 0.06 - -
[GOODNALINK1 0 0.06 0.06 0.06 - -
[GOODNALINK1 1000 0.06 0.06 0.06 - -
[GOODNALINK2 0 0.06 0.06 0.06 - -
[GOODNALINK2 1070 0.06 0.06 0.06 - -
HWAY LEFT 0 0.06 0.06 0.06 - -
HWAY LEFT 170 0.06 0.06 0.06 - -
HWAY LEFT 200 0.06 0.06 0.06 - -
HWAY LEFT 200 0.06 0.06 0.06 - -
HWAY LEFT 290 0.06 0.06 0.06 - -
HWAY LEFT 310 0.06 0.06 0.06 - -
HWAY LEFT 330 0.06 0.06 0.06 - -
HWAY LEFT 390 0.06 0.06 0.06 - -
IRON 10000 0.05 0.05 0.05 - -
IRON 10274 0.05 0.05 0.05 - -
IRON 10563 0.05 0.05 0.05 - -
IRON 10729 0.05 0.05 0.05 - -
IRON 10775 0.05 0.05 0.05 - -
IRON 11001 0.05 0.05 0.05 - -
IRON 11374 0.05 0.05 0.05 - -
IRON 11422 0.05 0.05 0.05 - -
IRON 11765 0.05 0.05 0.05 - -
IRON 11794 0.05 0.05 0.05 - -
IRON 12052 0.05 0.05 0.05 - -
IRON 12305 0.05 0.05 0.05 - -
IRON 12558 0.05 0.05 0.05 - -
IRON 12718 0.05 0.05 0.05 - -
IRON 12923 0.05 0.05 0.05 - -
IRON 13267 0.05 0.05 0.05 - -
IRON 13766 0.05 0.05 0.05 - -
IRON 14107 0.05 0.05 0.05 - -
IRON 14456 0.05 0.05 0.05 - -
IRON 14805 0.05 0.05 0.05 - -
IRON 15139 0.05 0.05 0.05 - -
IRON 15407 0.05 0.05 0.05 - -
IRON 15700 0.05 0.05 0.05 - -
IRON 15887 0.05 0.05 0.05 - -
IRON 16199 0.05 0.05 0.05 - -
IRON 16510 0.05 0.05 0.05 - -
IRON 16827 0.05 0.05 0.05 - -
IRON 17093 0.05 0.05 0.05 - -
IRON 17336 0.05 0.05 0.05 - -
IRON 17628 0.05 0.05 0.05 - -
IRON 17884 0.05 0.05 0.05 - -
IRON 18031 0.05 0.05 0.05 - -
IRON 18156 0.05 0.05 0.05 - -
IRON 18263 0.05 0.05 0.05 - -
IRON 18363 0.05 0.05 0.05 - -
IRON 18384 0.05 0.05 0.05 - -
IRON 18584 0.05 0.05 0.05 - -
LOW BRANCH1 0 0.06 0.06 0.06 - -
LOW BRANCH1 150 0.06 0.06 0.06 - -
LOW BRANCH1 480 0.06 0.06 0.06 - -
LOW BRANCH2 0 0.06 0.06 0.06 - -
LOW BRANCH2 240 0.06 0.06 0.06 - -
LOW BRANCH2 740 0.06 0.06 0.06 - -
MIHI 11310 0.05 0.05 0.05 - -
MIHI 11468 0.05 0.05 0.05 - -
MIHI 11708 0.05 0.05 0.05 - -
MIHI 11968 0.05 0.05 0.05 - -
MIHI 12230 0.05 0.05 0.05 - -
MIHI 12485 0.05 0.05 0.05 - -




Roughness

SKM
SKM Lower

Lower Ipswich KBR

Ipswich Rivers KBR Upper

Rivers Model |Wivenhoe| Adjustments | Bremer

Model 1989 Alliance |to SKM Lower| River

1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)

MIHI 12630 0.05 0.05 0.05 - -
MIHI 12764 0.05 0.05 0.05 - -
MIHI 12921 0.05 0.05 0.05 - -
MIHI 13121 0.05 0.05 0.05 - -
OXLEY 599400 0.06 0.06 0.06 - -
OXLEY 600000 0.06 0.06 0.06 - -
Purga 0 - - - - 0.045
Purga 22344 - - - - 0.045
Purga_2 42 - - - - 0.045
Purga_2 4652 - - - - 0.045
RailBridgel 0 - - - - 0.045
RailBridgel 20 - - - - 0.045
RailBridge2 0 - - - - 0.045
RailBridge2 20 - - - - 0.045
RailBridge3 0 - - - - 0.045
RailBridge3 20 - - - - 0.045
RailBridge4 0 - - - - 0.045
RailBridge4 20 - - - - 0.045
RailBridge5 0 - - - - 0.045
RailBridge5 20 - - - - 0.045]
RailBridge6 0 - - - - 0.045
RailBridge6 20 - - - - 0.045]
RailBridge7 0 - - - - 0.045
RailBridge7 20 - - - - 0.045]
RailBridge8 0 - - - - 0.045]
RailBridge8 20 - - - - 0.045
RailBridge9 0 - - - - 0.045]
RailBridge9 20 - - - - 0.045]
RailNorth 869 - - - - 0.045]
RailNorth 5082 - - - - 0.045]
RailNorth 6909 - - - - 0.045]
RailNorth 16228 - - - - 0.045]
RailSouth 869 - - - - 0.045]
RailSouth 4558 - - - - 0.045
RailSouth 6909 - - - - 0.045]
RailSouth 16228 - - - - 0.045]
Railweirl 0 - - - - 0.045
Railweirl 20 - - - - 0.045
Railweir2 0 - - - - 0.045
Railweir2 20 - - - - 0.045]
Railweir3 0 - - - - 0.045
Railweir3 20 - - - - 0.045]
Railweir4 0 - - - - 0.045
Railweir4 20 - - - - 0.045
Railweir5 0 - - - - 0.045
Railweir5 20 - - - - 0.045
Railweir6 0 - - - - 0.045
RailWeir6é 20 - - - - 0.045]
REEDY 1000 0.05 0.05 0.05 - -
REEDY 1271 0.05 0.05 0.05 - -
SAND 10000 0.06 0.06 0.06 - -
SAND 10080 0.06 0.06 0.06 - -
SAND 10160 0.06 0.06 0.06 - -
SAND 10240 0.06 0.06 0.06 - -
SAND 10320 0.06 0.06 0.06 - -
SAND 10420 0.06 0.06 0.06 - -
SAND 10520 0.06 0.06 0.06 - -
SAND 10620 0.06 0.06 0.06 - -
SAND 10720 0.06 0.06 0.06 - -
SAND 10820 0.06 0.06 0.06 - -
SAND 10920 0.06 0.06 0.06 - -
SAND 10980 0.06 0.06 0.06 - -
SAND 11040 0.06 0.06 0.06 - -
SAND 11062 0.06 0.06 0.06 - -
SAND 11151 0.06 0.06 0.06 - -
SAND 11240 0.06 0.06 0.06 - -
SAND 11333 0.06 0.06 0.06 - -
SAND 11425 0.06 0.06 0.06 - -
SAND 11518 0.06 0.06 0.06 - -
SAND 11540 0.06 0.06 0.06 - -
SAND 11613 0.06 0.06 0.06 - -
SAND 11687 0.06 0.06 0.06 - -
SAND 11760 0.06 0.06 0.06 - -
SAND 11839 0.06 0.06 0.06 - -
SAND 11919 0.06 0.06 0.06 - -
SAND 11998 0.06 0.06 0.06 - -
SAND 12020 0.06 0.06 0.06 - -
SAND 12120 0.06 0.06 0.06 - -
SAND 12200 0.06 0.06 0.06 - -
SAND 12280 0.06 0.06 0.06 - -
SAND 12360 0.06 0.06 0.06 - -
SAND 12440 0.06 0.06 0.06 - -
SAND 12523 0.06 0.06 0.06 - -
SAND 12607 0.06 0.06 0.06 - -
SAND 12690 0.06 0.06 0.06 - -
SAND 12773 0.06 0.06 0.06 - -
SAND 12855 0.06 0.06 0.06 - -
SAND 12938 0.06 0.06 0.06 - -
SAND 13020 0.06 0.06 0.06 - -
SAND 13120 0.06 0.06 0.06 - -
SAND 13220 0.06 0.06 0.06 - -
SAND 13320 0.06 0.06 0.06 - -
SAND 13420 0.06 0.06 0.06 - -
SAND 13520 0.06 0.06 0.06 - -
SAND 13620 0.06 0.06 0.06 - -
SAND 13720 0.06 0.06 0.06 - -
SAND 13820 0.06 0.06 0.06 - -
SAND 13920 0.06 0.06 0.06 - -
SAND 14020 0.06 0.06 0.06 - -
SAND 14120 0.06 0.06 0.06 - -
SAND 14220 0.06 0.06 0.06 - -
SAND 14320 0.06 0.06 0.06 - -
SAND 14420 0.06 0.06 0.06 - -
SAND 14520 0.06 0.06 0.06 - -
SAND 14620 0.06 0.06 0.06 - -
SAND 14700 0.06 0.06 0.06 - -
SAND 14740 0.06 0.06 0.06 - -
SAND 14820 0.06 0.06 0.06 - -
SAND 14920 0.06 0.06 0.06 - -
SAND 15019 0.06 0.06 0.06 - -




Roughness

SKM
SKM Lower
Lower Ipswich KBR
Ipswich Rivers KBR Upper
Rivers Model |Wivenhoe| Adjustments | Bremer
Model 1989 Alliance |to SKM Lower| River
1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)
SAND 15119 0.06 0.06 0.06 - -
SAND 15218 0.06 0.06 0.06 - -
SAND 15318 0.06 0.06 0.06 - -
SAND 15417 0.06 0.06 0.06 - -
SAND 15517 0.06 0.06 0.06 - -
SAND 15616 0.06 0.06 0.06 - -
SAND 15716 0.06 0.06 0.06 - -
SAND 15816 0.06 0.06 0.06 - -
SAND 15915 0.06 0.06 0.06 - -
SAND 16015 0.06 0.06 0.06 - -
SAND 16114 0.06 0.06 0.06 - -
SAND 16214 0.06 0.06 0.06 - -
SAND 16313 0.06 0.06 0.06 - -
SAND 16413 0.06 0.06 0.06 - -
SAND 16512 0.06 0.06 0.06 - -
SAND 16612 0.06 0.06 0.06 - -
SAND 16712 0.06 0.06 0.06 - -
SAND 16811 0.06 0.06 0.06 - -
SAND 16911 0.06 0.06 0.06 - -
SAND 17010 0.06 0.06 0.06 - -
SAND 17110 0.06 0.06 0.06 - -
SAND 17209 0.06 0.06 0.06 - -
SAND 17309 0.06 0.06 0.06 - -
SAND 17408 0.06 0.06 0.06 - -
SAND 17508 0.06 0.06 0.06 - -
SAND 17608 0.06 0.06 0.06 - -
SAND 17707 0.06 0.06 0.06 - -
SAND 17807 0.06 0.06 0.06 - -
SAND 17906 0.06 0.06 0.06 - -
SAND 18006 0.06 0.06 0.06 - -
SAND 18105 0.06 0.06 0.06 - -
SAND 18205 0.06 0.06 0.06 - -
SAND 18304 0.06 0.06 0.06 - -
SAND 18404 0.06 0.06 0.06 - -
SAND 18504 0.06 0.06 0.06 - -
SAND 18603 0.06 0.06 0.06 - -
SAND 18703 0.06 0.06 0.06 - -
SAND 18802 0.06 0.06 0.06 - -
SAND 18902 0.06 0.06 0.06 - -
SAND 19001 0.06 0.06 0.06 - -
SAND 19101 0.06 0.06 0.06 - -
SAND 19200 0.06 0.06 0.06 - -
SAND 19300 0.06 0.06 0.06 - -
SCH 10000 0.05 0.05 0.05 - -
SCH 10384 0.05 0.05 0.05 - -
SCH 10756 0.05 0.05 0.05 - -
SCH 10847 0.05 0.05 0.05 - -
SCH 11101 0.05 0.05 0.05 - -
SCH 11354 0.05 0.05 0.05 - -
SCH 11382 0.05 0.05 0.05 - -
SCH 11789 0.05 0.05 0.05 - -
SCH 11950 0.05 0.05 0.05 - -
SCH 12167 0.05 0.05 0.05 - -
SCH 12435 0.05 0.05 0.05 - -
SCH 12462 0.05 0.05 0.05 - -
SCH 12805 0.05 0.05 0.05 - -
SCH 13018 0.05 0.05 0.05 - -
SCH 13209 0.05 0.05 0.05 - -
SCH 13598 0.05 0.05 0.05 - -
SIX 10920 0.06 0.06 0.06 - -
SIX 11007 0.06 0.06 0.06 - -
SIX 11094 0.06 0.06 0.06 - -
SIX 11181 0.06 0.06 0.06 - -
SIX 11268 0.06 0.06 0.06 - -
SIX 11355 0.06 0.06 0.06 - -
SIX 11427 0.06 0.06 0.06 - -
SIX 11498 0.06 0.06 0.06 - -
SIX 11570 0.06 0.06 0.06 - -
SIX 11670 0.06 0.06 0.06 - -
SIX 11770 0.06 0.06 0.06 - -
SIX 11800 0.06 0.06 0.06 - -
SIX 11870 0.06 0.06 0.06 - -
SIX 11940 0.06 0.06 0.06 - -
SIX 12010 0.06 0.06 0.06 - -
SIX 12102 0.06 0.06 0.06 - -
SIX 12194 0.06 0.06 0.06 - -
SIX 12286 0.06 0.06 0.06 - -
SIX 12378 0.06 0.06 0.06 - -
SIX 12470 0.06 0.06 0.06 - -
SIX 12570 0.06 0.06 0.06 - -
SIX 12670 0.06 0.06 0.06 - -
SIX 12770 0.06 0.06 0.06 - -
SIX 12870 0.06 0.06 0.06 - -
SIX 12970 0.06 0.06 0.06 - -
SIX 13063 0.06 0.06 0.06 - -
SIX 13156 0.06 0.06 0.06 - -
SIX 13249 0.06 0.06 0.06 - -
SIX 13341 0.06 0.06 0.06 - -
SIX 13434 0.06 0.06 0.06 - -
SIX 13527 0.06 0.06 0.06 - -
SIX 13620 0.06 0.06 0.06 - -
SIX 13705 0.06 0.06 0.06 - -
SIX 13790 0.06 0.06 0.06 - -
SIX 13875 0.06 0.06 0.06 - -
SIX 13960 0.06 0.06 0.06 - -
SIX 14045 0.06 0.06 0.06 - -
SIX 14130 0.06 0.06 0.06 - -
SIX 14215 0.06 0.06 0.06 - -
SIX 14300 0.06 0.06 0.06 - -
SIX 14385 0.06 0.06 0.06 - -
SIX 14470 0.06 0.06 0.06 - -
SIX 14553 0.06 0.06 0.06 - -
SIX 14635 0.06 0.06 0.06 - -
SIX 14717 0.06 0.06 0.06 - -
SIX 14800 0.06 0.06 0.06 - -
SIX 14893 0.06 0.06 0.06 - -
SIX 14985 0.06 0.06 0.06 - -
SIX 15078 0.06 0.06 0.06 - -
SIX 15170 0.06 0.06 0.06 - -
SIX 15270 0.06 0.06 0.06 - -




Roughness

SKM
SKM Lower
Lower Ipswich KBR
Ipswich Rivers KBR Upper
Rivers Model |Wivenhoe| Adjustments | Bremer
Model 1989 Alliance |to SKM Lower| River
1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)
SIX 15370 0.06 0.06 0.06 - -
SIX 15470 0.06 0.06 0.06 - -
SIX 15570 0.06 0.06 0.06 - -
SIX 15655 0.06 0.06 0.06 - -
SIX 15740 0.06 0.06 0.06 - -
SIX 15825 0.06 0.06 0.06 - -
SIX 15910 0.06 0.06 0.06 - -
SIX 16000 0.06 0.06 0.06 - -
SIX 16090 0.06 0.06 0.06 - -
SIX 16180 0.06 0.06 0.06 - -
SIX 16270 0.06 0.06 0.06 - -
SIX 16370 0.06 0.06 0.06 - -
SIX 16470 0.06 0.06 0.06 - -
SIX 16553 0.06 0.06 0.06 - -
SIX 16637 0.06 0.06 0.06 - -
SIX 16720 0.06 0.06 0.06 - -
SIX 16804 0.06 0.06 0.06 - -
SIX 16888 0.06 0.06 0.06 - -
SIX 16972 0.06 0.06 0.06 - -
SIX 17056 0.06 0.06 0.06 - -
SIX 17140 0.06 0.06 0.06 - -
SIX 17205 0.06 0.06 0.06 - -
SIX 17270 0.06 0.06 0.06 - -
SIX 17357 0.06 0.06 0.06 - -
SIX 17443 0.06 0.06 0.06 - -
SIX 17530 0.06 0.06 0.06 - -
SIX 17630 0.06 0.06 0.06 - -
SIX 17730 0.06 0.06 0.06 - -
SIX 17830 0.06 0.06 0.06 - -
SIX 17930 0.06 0.06 0.06 - -
SIX 18015 0.06 0.06 0.06 - -
SIX 18100 0.06 0.06 0.06 - -
SIX 18185 0.06 0.06 0.06 - -
SIX 18270 0.06 0.06 0.06 - -
SIX 18360 0.06 0.06 0.06 - -
SIX 18450 0.06 0.06 0.06 - -
SIX 18540 0.06 0.06 0.06 - -
SIX 18630 0.06 0.06 0.06 - -
SIX 18720 0.06 0.06 0.06 - -
SIX 18803 0.06 0.06 0.06 - -
SIX 18887 0.06 0.06 0.06 - -
SIX 18970 0.06 0.06 0.06 - -
SIX 19070 0.06 0.06 0.06 - -
SIX 19170 0.06 0.06 0.06 - -
SIX 19270 0.06 0.06 0.06 - -
SIX 19370 0.06 0.06 0.06 - -
SIX 19463 0.06 0.06 0.06 - -
SIX 19557 0.06 0.06 0.06 - -
SIX 19650 0.06 0.06 0.06 - -
SIX 19720 0.06 0.06 0.06 - -
SIX 19790 0.06 0.06 0.06 - -
SIX 19870 0.06 0.06 0.06 - -
SIX 19935 0.06 0.06 0.06 - -
SIX 20000 0.06 0.06 0.06 - -
SIX 20070 0.06 0.06 0.06 - -
SIX 20140 0.06 0.06 0.06 - -
SIX 20160 0.06 0.06 0.06 - -
SIX 20235 0.06 0.06 0.06 - -
SMALL 1000 0.05 0.05 0.05 - -
SMALL 1228 0.05 0.05 0.05 - -
SMALL 1257 0.05 0.05 0.05 - -
SMALL 1409 0.05 0.05 0.05 - -
SMALL 1670 0.05 0.05 0.05 - -
SMALL 1888 0.05 0.05 0.05 - -
STLUCIALINK1 0 0.06 0.06 0.06 - -
STLUCIALINK1 1050 0.06 0.06 0.06 - -
STLUCIALINK2 0 0.06 0.06 0.06 - -
STLUCIALINK2 1050 0.06 0.06 0.06 - -
STLUCIALINK3 0 0.06 0.06 0.06 - -
STLUCIALINK3 850 0.06 0.06 0.06 - -
UP BRANCH1 0 0.06 0.06 0.06 - -
UP BRANCH1 475 0.06 0.06 0.06 - -
UP BRANCH1 950 0.06 0.06 0.06 - -
UP BRANCH1 1400 0.06 0.06 0.06 - -
UP BRANCH1 1850 0.06 0.06 0.06 - -
UP BRANCH1 2290 0.06 0.06 0.06 - -
WarPurWeirl 0 - - - - 0.045
WarPurWeirl 20 - - - - 0.045
WarPurWeir2 0 - - - - 0.045
WarPurWeir2 20 - - - - 0.045
WarPurWeir3 0 - - - - 0.045
WarPurWeir3 20 - - - - 0.045
Warrill 0 - - - - 0.045
(Warrill 33860 - - - - 0.045
Warrill-Boonah 0 - - - - 0.045
Warrill-Boonah 30815 - - - - 0.045
[WestBrem1 0 - - - - 0.045
[WestBrem1 20 - - - - 0.045
WestBrem2 0 - - - - 0.045
WestBrem2 20 - - - - 0.045
[WestBrem3 0 - - - - 0.045
[WestBrem3 20 - - - - 0.045
[Western 0 - - - - 0.045
[Western 869 - - - - 0.045
[Western 5082 - - - - 0.045
[Western 6909 - - - - 0.045
[WOOG 10000 0.06 0.065 0.06 - -
[WOOG 10090 0.06 0.065 0.06 - -
[WOOG 10180 0.06 0.065 0.06 - -
[WOOG 10270 0.06 0.065 0.06 - -
[WOOG 10360 0.06 0.065 0.06 - -
[WOOG 10450 0.06 0.065 0.06 - -
[WOOG 10546 0.06 0.065 0.06 - -
[WOOG 10642 0.06 0.065 0.06 - -
[WOOG 10738 0.06 0.065 0.06 - -
[WOOG 10834 0.06 0.065 0.06 - -
[WOOG 10930 0.06 0.065 0.06 - -
[WOOG 11003 0.06 0.065 0.06 - -
[WOOG 11077 0.06 0.065 0.06 - -
[WOOG 11150 0.06 0.065 0.06 - -




Roughness

SKM
SKM Lower
Lower Ipswich KBR
Ipswich Rivers KBR Upper
Rivers Model |Wivenhoe| Adjustments | Bremer
Model 1989 Alliance |to SKM Lower| River
1974 Event Event Model |Ipswich Model Model
Branch Chainage, (Ref-1) = (Ref-1) = (Ref-4) (Ref-3) (Ref-2)
WOOG 11245 0.06 0.065 0.06 - -
\WOOG 11340 0.06 0.065 0.06 - -
\WOOG 11435 0.06 0.065 0.06 - -
\WOOG 11530 0.06 0.065 0.06 - -
\WOOG 11630 0.06 0.065 0.06 - -
\WOOG 11730 0.06 0.065 0.06 - -
\WOOG 11830 0.06 0.065 0.06 - -
\WOOG 11930 0.06 0.065 0.06 - -
\WOOG 12030 0.06 0.065 0.06 - -
\WOOG 12128 0.06 0.065 0.06 - -
\WOOG 12227 0.06 0.065 0.06 - -
\WOOG 12325 0.06 0.065 0.06 - -
\WOOG 12423 0.06 0.065 0.06 - -
\WOOG 12522 0.06 0.065 0.06 - -
\WOOG 12620 0.06 0.065 0.06 - -
\WOOG 12698 0.06 0.065 0.06 - -
\WOOG 12775 0.06 0.065 0.06 - -
\WOOG 12852 0.06 0.065 0.06 - -
\WOOG 12930 0.06 0.065 0.06 - -
\WOOG 13000 0.06 0.065 0.06 - -
\WOOG 13070 0.06 0.065 0.06 - -
\WOOG 13160 0.06 0.065 0.06 - -
\WOOG 13250 0.06 0.065 0.06 - -
\WOOG 13350 0.06 0.065 0.06 - -
\WOOG 13450 0.06 0.065 0.06 - -
\WOOG 13550 0.06 0.065 0.06 - -
\WOOG 13633 0.06 0.065 0.06 - -
\WOOG 13717 0.06 0.065 0.06 - -
\WOOG 13800 0.06 0.065 0.06 - -
WOOG 13900 0.06 0.065 0.06 - -
WOOG 14000 0.06 0.065 0.06 - -
WOOG 14100 0.06 0.065 0.06 - -
WOOG 14188 0.06 0.065 0.06 - -
WOOG 14275 0.06 0.065 0.06 - -
WOOG 14363 0.06 0.065 0.06 - -
WOOG 14450 0.06 0.065 0.06 - -
WOOG 14550 0.06 0.065 0.06 - -
WOOG 14650 0.06 0.065 0.06 - -
WOOG 14750 0.06 0.065 0.06 - -
WOOG 14850 0.06 0.065 0.06 - -
WOOG 14930 0.06 0.065 0.06 - -
WOOG 15010 0.06 0.065 0.06 - -
WOOG 15025 0.06 0.065 0.06 - -
WOOG 15050 0.06 0.065 0.06 - -
WOOG 15140 0.06 0.065 0.06 - -
WOOG 15230 0.06 0.065 0.06 - -
WOOG 15300 0.06 0.065 0.06 - -
WOOG 15385 0.06 0.065 0.06 - -
WOOG 15470 0.06 0.065 0.06 - -
WOOG 15535 0.06 0.065 0.06 - -
WOOG 15600 0.06 0.065 0.06 - -
WOOG 15700 0.06 0.065 0.06 - -
WOOG 15800 0.06 0.065 0.06 - -
WOOG 15880 0.06 0.065 0.06 - -
WOOG 15960 0.06 0.065 0.06 - -
WOOG 15990 0.06 0.065 0.06 - -
WOOG 16058 0.06 0.065 0.06 - -
WOOG 16125 0.06 0.065 0.06 - -
WOOG 16200 0.06 0.065 0.06 - -
WOOG 16275 0.06 0.065 0.06 - -
WOOG 16356 0.06 0.065 0.06 - -
WOOG 16438 0.06 0.065 0.06 - -
WOOG 16519 0.06 0.065 0.06 - -
WOOG 16600 0.06 0.065 0.06 - -
WOOG 16683 0.06 0.06 0.06 - -
WOOG 16767 0.06 0.06 0.06 - -
WOOG 16850 0.06 0.06 0.06 - -
WOOG 16950 0.06 0.06 0.06 - -
WOOG 17050 0.06 0.06 0.06 - -
WOOG 17125 0.06 0.06 0.06 - -
WOOG 17200 0.06 0.06 0.06 - -
WOOG 17275 0.06 0.06 0.06 - -
WOOG 17350 0.06 0.06 0.06 - -
WOOG 17425 0.06 0.06 0.06 - -
WOOG 17500 0.06 0.06 0.06 - -
WOOG 17550 0.06 0.06 0.06 - -
WOOG 17600 0.06 0.06 0.06 - -
WOOG 17615 0.06 0.06 0.06 - -
WOOG 17683 0.06 0.06 0.06 - -
WOOG 17750 0.06 0.06 0.06 - -
WOOG 17850 0.06 0.06 0.06 - -
WOOG 17950 0.06 0.06 0.06 - -
WOOG 17960 0.06 0.06 0.06 - -
WOOG 18057 0.06 0.06 0.06 - -
WOOG 18153 0.06 0.06 0.06 - -
WOOG 18250 0.06 0.06 0.06 - -
WOOG 18333 0.06 0.06 0.06 - -
WOOG 18417 0.06 0.06 0.06 - -
WOOG 18500 0.06 0.06 0.06 - -
WOOG 18583 0.06 0.06 0.06 - -
WOOG 18667 0.06 0.06 0.06 - -
WOOG 18750 0.06 0.06 0.06 - -
WOOG 18825 0.06 0.06 0.06 - -
WOOG 18900 0.06 0.06 0.06 - -
WOOG 18988 0.06 0.06 0.06 - -
\WOOG 19075 0.06 0.06 0.06 - -
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Executive Ssummary

Introduction _

The objective of the Ipswich Rivers Flood Study Rationalisation Project (IRFSRP) Is to
resolve 8 number of anomalies which have arisen between estimated fAood flows and
flood levels in the Lower Brisbane RVEr and the Bremer River catchment in studies
-undertaken in recent years by Ipswich City coundil (ICC) and Brisbane ity Council (BCC),
in order to Acilitate the preparation of new flood maps.

The IRFSRP IS being conducted in parallel with the Brisbane valley Flood Damage
Minimisation Study (B VFDMS) which is being undertaken by BCC in conjunction with other
Local Authorities in the catchrnent including ICC. One of the objectives of the latter is the
development of a common methodology for coliation of data and damage assessment
across the Brisbane River catchment.

These two projects are being undertaken in a collaborative framework both to ensure the
cormmonality goal is achieved and to ensure there s no duplication of effort.

One of the outstanding [SSUES that is being investigated as part of the IRFSRP is the
catchment hydrology; 0 particuiar the definition of design flows as estimated using the
RAFTS model which has previously been established for studies for both JcC and BCC.

Background
 Detailed flood studies have been undertaken for the Brisbane and Bremer River
@ tchments such that flood extent mapping for a range of fAood frequencies are avaflable,

However, since detaited flood studies for the urban areas of Ipswich were completed in
2000 (Sinclair Knight Merz) and for the rural areas in 2002 (Halliburton KBR), there have
peen a number of developments relating to Aood studies i the Brisbane River witich
have resufted in the current flood studies and the corresponding flood extent maps ro
Jonger being compatible with those for Brishane City.

In addition, in response to apparent anomalies with predicted 20 year ARI flood levels in
particular, Counchf commissioned Sargent Constiting (SC, ) in 2002 to review the ctirrent
flood models. That review (SC 2003) concluded that the current h ydraulic mode! (MIKE
11) calibration 15 skewed towards the replication of major floods with the result that
water levels for smaller floods are overestimated, and that the design flows estimated

using the RAFTS model (SKM 2000) may be overly conservative.

As a consequence of the isSUES noted above, the current hydrologic and hydraufic models
are known to have some inconsistencies, and the flood jevels used by the two local
government areas for town planning controls are no longer compatible. :
Resolution of these matters is required urgently by ICC so that:

n The food overlay in the Ipswich planning Scheme can be confirmed of updated; and

o The current de velopment of emergency response flood mapping i not compromised,

ey
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Scope of Work

The current report describes a re-estimation of design fows, using the RAFTS model, for
those parts of the Bremer and Brisbane River catchments within Ipswich. A map of the
RAFTS model sub aréas /s givenr in Appendix A.

The 100 year Avelage Recurrence Interval (ARI) design flow for the Brisbane River at
Savages Crossing; post-construcfion of Wivenhoe Dam was estimated by the
Independent Review Panel (Mein et al 2003) to be 6,000m3/5, and in the interest of
consistency, this value has been adopted herein. In view of the above, this study has
concentrated on the re-estimation of design flows for the Bremer River catchment and

those tributaries of the Brisbane River within Ipswich.
This has comprised:

1 Re-estimation of design rainfalls over the study catchments using the new CRC-
FORGE rainfall data and intensity—frequency—duratian estimation procedure (DNRM
2005);

o Partial re-calibration of the RAFTS model using the above design rainfalls;

1 The re-estimation of design flows for the Bremer River catchment and those
tributartes of the Brisbane River within Ipswich;

0y perivation of design flow hydrographs for the Brisbane River at Savages Crossing

consistent with the recommendations of the Independent Review panel (Mein et al
2003); and -

- Comparison of the new design fow estimates with previous estimates.

Design Rainfall Analysis

The new FORGE design rainfall dataset and methodology Were used to extract rainfall
intensity — duration — frequency (IFD curves) for each sub area in the RAFTS model in
the Bremer River catchment and the Brisbane River catchment between Savages Crossing
and Gailes and for the complete catchments.

As well as defining IFD curves based on the new FORGE rainfall datasel, this process alse
computes and accounts for areal reduction factors (ARFS) which are dependant on
catchment aréea and storm duration. These ARFs are used in determining the IFD curve
for a given Jocation/catchment size.

The IFD curves give design rainfall intensities (or totals) for storm durations from 15

minutes to 120 hours and for ARIs from 5 years to 500 years.

Adjustment of Rainfall Losses

In order to utilise the new design rainfall data with the RAFTS model, it was appropriate
to reconsider the appropriate rainfall losses to Use in the design runs of the model. It
was beyond the scope of work of this commission {0 re-calibrate the RAFTS model
parameters. '

In order to provide @ pasis for comparison and to maximiseé consistency between the
modefled flows and recorded flow series within the Bremer River catchment, new flood
frequency analyses were undertaken and compared to those available from the previous
studies.

Vi
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The following condlusions were drawn in this regard:

1) There are apparent anomalies in the direct flood frequency curves for Bremer River
at Walloon and Purga Creek at Loamside but it was outside the scope of work of this
commission to undertake a detailed data review in order to resolve these anomalies;

N The use of a regional flood frequency analysis using the index flood methodology
improved the abifity to match predicted design flood flows from flood frequency
analysis and from RAFTS modeliing,;

O In order fo reasonably match flows modelled in RAFTS using the FORGE design
rainfalls, the values of initial loss used in the model must reduce as the ARI
increases;

O Given that the initial loss obtained from RAFTS modelling rediiced to zero for ARIS of
100 years and greater it was not possible fo match the flood frequency curve figures
for higher ARIs. However, as the fitted fiood frequency distributions are tentative in
respect of the more extreme floods, and that rainfall based estimates are more
refiable in this regard due to their longer record length, this may be reasonable; and

0 Ghven the uncertainties apparent from this process to belfer define design Initial
' losses, it was appropriate fo consfder the possible accuracy of the estimates by
undertaking a sensitivity analysis.

RAFTS Modelling of Design Flows

The design peak flood flows for the Bremer River catchment for the Brisbane River
downstream of Savages Crossing to the Ipswich/Brisbane local government boundary at
Gaffes, and for the Brisbane River tribularies -within Ipswich were oblained using the
RAFTS mode! with initial loss computed as discussed in Section 3 hereof, logether with
assumed design input hydrographs at Savages Crossing consistent with the 6,000 nr/s
design flow for 100 year ARI as recommended by the Independent Review Panel (Mein et
al 2003).

Input Hydrographs at Savages Crossing

In order for this study to be consistent with the adoption of a Qi 3t Savages Crossing of
6,000 ni’/s, as recommended by the Brisbane River Flood Study Independent Review
Panel (Mein et al 2003), it was desirous to use input hydrographs at that location which
reflected this assumption. It was also necessary to estfmate hydrographs for the other
flood event ARIs which were being considered.

This was done using flood frequency relationships (for post-dam flows) fitted by SKM
(2003} to define the peak flows for each ARI and then scaling the hydrograph with the
nearest peak flow from the Monte Carlo analysis (Sargent Consulting 2006) to define the
corresponding hydrograph shape. These were then input into the RAFTS model.

Design flows were then estimated using the RAFTS modef for a range of storm durations
‘from 1 hour to 72 hours for ARIs of 2, 5 10, 20, 50, 100, 200 and 500 years. A
summary table of the maximum estimated peak flows across the range of durations at
key locations for the range ARIs used is given in Table ES1.

vi
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Sensitivity Analysis
In order to test the impact of the adopted initial joss and continuing loss on the restits,
the effect on peak flow estimales of an extreme inftial foss of 10mm for alf ARIs up to
100 years was tested,

These results show that the estimated peak flood flows are sensitive fo the assumed
~ initial loss partictiarly at low ARI, with this sensitivily reducing as the ARI increases. This
s because of the increased difference between the adopted and sensitivity value of the
inftial foss as the ARI redlices.

Comparison with Previous Resulls

The results from the current analysis were compared with those from the sensitivity
testing and from previous analyses, and recornmendations made In respect of the
adopted design valtes.

FPrevious estimates were oblained from SKM (2000), SKM (2003), KBR (2002) and
Sargent Consulting (2006). The lafter contained estimates for 100 year ARI only for
Bremer River and Warrill Creek only based on a Monte Carfo analysis underiakel) as a
separate component of the current project. '

The resuits from the new modeliing were all lower than those from SKM (2000) and KBR
(2002) with the exception of Bremer River at Walloon for ARIs up to 100 years, for Warrill
Creek at Amberiey for ARIs of 10 years and under, and for Purga Creek at Loamside also
for 5 year ARI only. '

The new curves are consistent with the Monte Carlo estimaites for 100 year ARI for
Amberley, Walloon and Ipswich,

As none of the streamflow records are of sufticient length to estimate flood flows at
higher ARIs with reasonable accuracy, rainfall based estimates are preferable for ARIs of
about 50 years and above.

Taking these factors info account, it was considered that the results from the new
modaelling are the best estimales available because these are based on the most recent
raintall data (CRC-FORGE dala and methodology) and reasonable assumplions of initial
losses.

Hence, it is recommended that the detailed results from the new modeliing be used in the
new design runs fo be undertaken using the recently updated MIKE 11 hydraulic model
under a separate component of this project.

It is also recommended that the flood frequency aunves be revised using the MIKE 11
mode! resiifts, as the lalter takes fill account of temporary ﬂood plain storage whereas
this is only appm)armafed in the RAFTS model,

Boundary Conditions for MIKE 11 Model

The principal use of the flows from the RAFTS modelling is the derivation of the input
flows to the MIKE 11 model. To this end, the RAFTS hydrographs for each combination
of ARI and storm duration have been converted fo MIKE 11 time setfes format so that
they can be used for this purpose.
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Re-estimation of Design Flows

1.1.

Introduction

The objective of the Jpswich Rivers Flood Study Rationalisation Project (IRFSRP)}is to
resolve a number of anomalies which have arisen between estimated flood flows and
flood levels in the Lower Brisbane River and the Bremer River catchment in studies
undertaken in recent years by Ipswich City Council (ICC) and Brisbane City Council
(BCC). The resolution of these anomalies will allow more reliable flood mapping to
be prepared. '

The IRFSRP is being conducted in parallel with the Brisbane Valley Flood Damage
Minimisation Stugy (BVFDMS) which is being undertaken by BCC in conjunction with
other Local Authorities in the catchment including ICC, One of the objectives of the
latter is the development of a common methodology for collation of data and damage
assessment across the Brisbane River catchment.

These fwo projects are being undertaken in a collaborative framework both to ensure
the commonaiity goal is achieved and to ensure there is no duplication of effort.

Cne of the outstanding Issues that is being investigated as part of the IRFSRP s the
catchment hydrology, in particular the definition of design flows as estimated using
the RAFTS model which has previously been established for studies for both ICC and
BCC.

As the current Brisbane/Bremer River RAFTS model has been developed at
considerable expense and has been widely used by both ICC and BCC as the basis of
flood event modelling for some time, there is no incentive to change the medelling
platform at this time.

Figure 1 is a map of the Brisbane River catchment showing key locations whilst
Figure 2 shows-the Bremer River catchment in more detail.

Background
Detailed flood studies have been undertaken for the Brisbane and Bremer River

catchments such that flood extent mapping for a range of flood frequencies are
availabte.

However, since detalled flood studies for the urban areas of Ipswich were completed
in 2000 (Sinclair Knight Merz)} and for the rural areas in 2002 (Halliburton KBR), there
have been a number of developments relating to flood studies in the Brisbane River
which have resulted in the current flood studies and the corresponding flood extent
maps no longer being compatible with those for Brisbane City.

These include:

L Updating of flood hydrotogy for Wivenhoe Dam operations and the construction
of fuse plug spillways;

u }Avaiiabifity of new rainfall design data (CRC-FORGE) and a new estimate of
probable maximum flood (PMF), ’

1 Revised flood modelling for Brisbane City Council; and

Sargent Consulting
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Re-estimation of Design Flows

1.2,

1 Review of the latter by an Independent Review Panel which has led to the 100
year design flood flow for the |0wer Brishane River being reduced from 8,000
m”s to 6,000 m”s,

In addition, in response to apparent anomalies with predicted 20 year ARI fiood
levels in particular, Council commissioned Sargent Consulting (SC) in 2002 to review
the current flood models. That review (SC 2003) concluded that the current
hydraulic model (MIKE 11) calibration is skewed towards the replication of major
floods with the result that water levels for smaller flocds are overestimated, and that
the design flows estimated using the RAFTS model (SKM 2000) may be overly
conservative.

As a consequence of the issues noted above, the current hydrologic and hydraulic
models are known to have some inconsistencies, and the flood levels used by the two
local government areas for town planning controls are no longer compatible.

Resolution of these matters is required urgently by ICC so that:

1 The flood overlay in the Ipswich Planning Scheme can be confirmed or updated;
and

O The current development of emergency response flood mapping Is not
compromised.

Scope of Work

The current report describes a re-estimation of design flows, using the RAFTS mode!,
for those parts of the Bremer and Brisbane River catchments within Ipswich. A map
of the RAFTS model sub areas is given in Appendix A. :

The 100 vear Average Recurrence Interval (ARI) design flow for the Brisbane River at
Savages Crossing, post-construction of Wivenhoe Dam was estimated by the
Independent Review Panel (Mein et al 2003) to be 6,000mYs; and in the interest of
consistency, this value has been adopted herein. In view of the above, this study has
concentrated on the re-estimation of design flows for the Bremer River catchment
and those tributaries of the Brishane River within Ipswich.

This has comprised:

(0 Re-estimation of design rainfalls over the study catchments using the new CRC-
FORGE rainfall data and intensity-frequency-duration estimation procedure
(DNRM 2005);

1 Partial re-calibration of the RAFTS model using the above design rainfalls;

1 The re-estimation of design flows for the Bremer River catchment and those
tributaries of the Brisbane River within Ipswich;

0 Derivation of design flow hydrographs for the Brisbane River at Savages Crossing
consistent with the recommendations of the Independent Review Panel (Mein et
al 2003); and '

1 Comparison of the new design flow estimates with previous estimates.
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Re-estimaticn of Design Flows

2. Design Rainfall Analysis

Using the FORGE design rainfall intensity — duration — frequency (IFD) analysis
procedure, design rainfalls were extracted for:

g

Each sub area in the RAFTS model in the Bremer River catchment and the
Brisbane River catchment between Savages Crossing and Gailes;

For the catchments above the gauging stations at:
o Warrill Creek at Amberley;
o Bremer River at Walloon; and
o Purga Creek at Loamside;

For the whole Bremer River catchment to its confluence with the Brisbane
River; and :

Brisbane River between Savages Crossing and Gailes (including Ipswich
tributaries).

As well as defining IFD curves based on the new FORGE rainfall dataset, this process
also computes and accounts for areal reduction factars (ARFs) which are dependant
on catchment area and storm duration. These ARFs are used in determining the IFD
curve for a given location/catchment size. :

The IFD curves give design rainfall intensities (or totals) for storm durations from 15
minutes to 120 hours and for ARIs from 5 years to 2,000 years.

Table 1 shows IFD curves for the whoie of the Bremer River catchment and for
Warrill Creek to Amberley as examples, from which it can be seen that there is a
small reduction in design intensity for the larger catchment.

Figure 3 shows the Bremer River catchment IFD curves in graphical form. -

Rainfall IFD Curves {Forge Methook)
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Figure 3 FORGE IFD Curve for Bremer River Catchment
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The spatial variation for the 100 year ARI 18 hour storm duration rainfall is shown in
Figure 4 as an example.

The temporal patterns from ARR (1987 & updates) were used with the IFD curves to
define the rainfall Inputs to the RAFTS model runs (see Sections 3.2 and 4}.

Table 1 FORGE IFD Tables
a)  Bremer River Catchment

0.2 9536 | 108.30 | 124.80 14710 | 16570 | 185.20 | 212.50 234.60 | 257.50
05 6859 | 7721 | 89.04 | 10510 | 1 18.40 | 13230 | 15180 | 167.60 184.00
1 4698 | 5205 § 6146 | 7226 8142 | 9086 | 10440 | 11520 126,50
3 2406 | 2370 | 2133 | A %632 | 4058 | 4658 | 514t 56.44
6 | 1258 | 414 | 1630 1921 | 2164 | 2418 | 2775 3064 | 3363
12 754 8.41 9.75 1148 | 1294 | 1446 | 1659 1832 | 20.41

18 5.78 6.54 7.59 9.0 045 | 1134 | 1301 | 14.36 15.11
24 4717 544 6.33 7.56 8.52 952 1093 | 1206 | 1324
48 3.2 370 4.3 5.15 583 6.56 7.60 8.44 9.35

12 2.51 285 3.33 3.91 451 5.08 5.89 6.55 7.26

96 2.03 2.32 2.10 322 3.66 443 4.80 5.34 593

120 11 1.94 2.26 2.0 3.07 347 4,02 448 497

b) Warrill Creek Catchment to Amberley

120 1.05 : 232
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Re-estimation of Design Flows

3.1.

Adjustment of Rainfall Losses

In order to utilise the new design rainfall data with the RAFTS model, it was
appropriate to reconsider the appropriate rainfall losses to use in the design runs of
the model. It was beyond the scope of work of this commission to re-calibrate the
RAFTS model parameters,

This component was further limited to refining the rainfall initial loss, with the
continuing loss of Imm/hr as used in the latest of the previous modelling (SKM 2003
and Sargent Consulting 2006) adopted throughout.

In order to provide a basis for comparison of modelled flows and design flows
estimated from flood frequency analysis of flow records within the catchment, new
flood frequency analyses were undertaken and compared to those available from the
previous studies.

Flood Frequency Analysis

~ The key locations in the Bremer River catchment for which streamflow records are

available are:

O Warrill Creek at Amberley;
O Bremer River at Walloon; and
1 Purga Creek at Loamside.

SKM (2003) determined that the most suitable statistical distribution to describe flood
flows in the Brisbane River catchment was the Generalised -Pareto (GP) distribution,
so this has been used here as the primary distribution, with the log-Pearson Type III
(LP3) distribution used for comparative purposes in some instances.

Table 2 shows the results of the ftlood frequency analyses for the annual maximum
series for each of these gauging stations and Figure 5 shows these in graphical
form.

Bremer River
Flood Magnitude Freguency Curves

oot L L;(_ﬁi-{ /jﬂ—*—wwﬂo

100 T
T e VAT Ot Arvberiey
e Bremer Rat Walicon 717|0
——— Furga CK ail Loasrsica

10

ARl Years

Figure 5 Bremer River — Flood Magnitude Frequency Curves
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Re-estimation of Design Flows

Table 3 and Figure 6 show these flows on a discharge per km? basis. Storm rainfall
intensities are slightly higher in the upper Bremer River catchment and in the Purga
Creek catchment than in the Warrill Creek catchment (see Figure 4) due to
orographic effects. In respect of Warrill Creek at Amberley compared to Bremer
River at Walloon, the discharge per km? is lower for ARI less than 30 years, but
greater for higher ARI events. This could be due to different catchment hydrology or
to data errors.

These differences could be due to a number of factors such as different scil
characteristics affecting initial and continuing loss rates, different ground cover
affecting Initial loss rates, losses to groundwater, or greater temporary storage of
floodwaters, or could be due to data errors at one or other of the gauging stations.

Bremer River
Flood Magnitude Frequency Curves
18.00 g Mo
/‘,
. B
¥ rzai Hi
E ¥ 10 L=t : my
748 T e — 000
o g i o O
3 1 ~
© ""/ 7{" —o—Warrilf Ck at Amberley |1~
/ =G Bremer R al Wallbon |-~
y —fr— Purga Ckat Loamside
o010
2 1 10 20 0 00 200 500 1600
ARl Years
Figure 6 Bremer River Discharge per km?

In order to shed further light on these apparent anomalies, records of other stations
in the Brisbane. River catchment were inspected, using the results from analyses
presented in SKM 2003. Details of these gauging stations are given in Table 4. The
comparison of these records is shown in Figures 7 and 8.

Figure 7 shows discharge per km? for Brisbane River at Gregors Creek, Lockyer
Creek at Lyons Bridge and Cressbrook -Creek at Rosentreters Bridge. The slopes of
these additional curves are all simifar and similar to that for Warrill Creek at
Amberley. This suggests that the Amberley record is the more likely to be reliable
than either the Walloon or Loamside records.

In order to rectify the apparent anomaly in the initial losses reguired to fit the RAFTS
medel (Section 3.2 refers), further regional analysis was undertaken to estimate
regional flood frequency curves.
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Gomparison of Flcod Frequency Curvee
Peak Flow per sq.km.
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Figure 7 Brisbane River and Bremer River Discharge per km?
Table 4 Summary Details of other Brisbane River Catchment Gauging

Stations used

Lockyer Ck Lyons Bridge 1964 - 1988 2550

Cressbroook Ck Rosentreters 1986 - 2002 477
Bridge

Brisbane River Gregors Creek 1962 - 2002 3885

This was done using the index flood method (IEAust 1987) in which a regression
equation is used to estimate an index flood, taken here as the 2 year ARI flood (Q2)
and a dimensionless flood growth curve used to estimate foods for other ARIs.

As the rainfall regime is similar across the inland parts of the Brisbane/Bremer River

catchments in which all of these stations lie, the relationship for Q, was based on
catchment area alone. Figure 8 shows this relationship. Even though the higher

flood estimates for the stations Bremer River at Walloon and Purga Creek at

Loamside were found to be suspect, the lower ARI values should be more

reasonable, so these were included in this phase of the analysis. The correlation

coefficient of the regression equation was improved significantly by excluding the

data from the Cressbrook Creek gauging station from this analysis.

This resulted in the following estimator for Q, as a function of catchment area:
Q> = 4.4515 A% (R? =0.72)

Where: '-

Q. is the estimated 2 year ARI peak flow (m/s);

A is the catchment area in km?; and
R is the correlation coefficient of the regression.
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Figure 8 Q, vs Catchment Area

The flood frequency growth curves for each station (i.e. graph of Q/Q; where t =
ARI) is given in Figure 9 from which it can be seen that the curves for Walloon and
Loamside are considerable fower than those for the other stations.

Comparison of Flood Frequency Curves
Peak Flow Git vs Q2
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Figure 9 Flood Frequency Growth Curves

A median growth curve was determined excluding the 2 anomalous station records,
which was then used in conjunction with the estimation of Qa2 based on catchment,
area to provide an independent estimate of the flood frequency curves for Walloon
and Loamside. These curves are shown in Figure 10 and Table 5 from which it can
be seen that the noted anomalies are removed by this process.
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Figure 10 Comparison of Flood Frequency Curves
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