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EXECUTIVE SUMMARY

Background

The Manual of Operational Procedures for Fiood Mitigation at Wivenhoe Dam and Somerset
Dam (the Manual) defines the objectives and procedures for operating the dams during flood

avents,

Flood Events impacting on Wivenhoe and Somerset dams are caused by actual rainfall evg\@?'
that vary in intensity, duration and distribution over a catchment area above the dams in exgess
of 7000 square kilometres. When making decisions on releasing water from the dams Q;"ring
flood events, consideration is also given to rain falling in the catchment areas of the Brisbane
River not controlled by the dams. These caichment areas which include the Loc g@Creek and
Bremer River catchments aiso consist of an area in excess of 7000 square kiloretfes and rain

falling in these catchments will vary in intensity, duration and distribution. Ac@f@r\dingly, there is
an infinite number of Flood Event scenarios that the Manual needs to acc\%‘u t for.

Given the infinite number of scenarios to be catered for, it is not pos,g@'le for the Manual to
contain a specific procedure relating to every possible flood eventg%genario. Therefore the
Manual takes the approach of providing strategies and objecti gﬁi‘to guide flood operational
decision making. The strategy chosen at any point in time w'\édepend on the actual levels in the
dams and flood modelling predictions which are made us'@; -{he best forecast rainfall and stream

flow information available at the time. \{:\/

N

Given the current state of science, it is not possiblé;_f,o"f/the Bureau of Meteorology to provide
completely accurate rainfail forecasts for the dani-catchment areas. A degree of uncertainty is
present in all forecasts and the further fomare%{in’time that forecasts are provided, the greater
the degree of uncertainty that will be pres&ﬁfih the forecast. Accordingly three primary factors
are always considered in flood operati%\sdecision making:

e The safety of the public is ;{éya’ﬁﬁount.
<
¢ The safety of the dam\gig‘paramount.

¢ Every attemptis+ 1ade to ensure that the extent to which water flows over the floors or
aescdotialurban and compiercial buildings downstream of the dam is minimized. Dam outflows that
contribute(@%ﬁch flooding are delayed until it is apparent that no other options are
available ,wit?‘nout risking the safety of the dams.

During anyffrbéd event, a number of strategies contained in the manual are likely to be used g 34
over the bolrse of the event. Strategies change during a flood event as forecasts change and -~ iz
rain jsyeceived in the catchments. It is not possible to predict the range of strategies that will be
use\gfc"l'uring the course of a flood event at the commencement of the event or at any time during

the event prior to the event peak. Strategies are changed in response to changing rainfall

forecasts and stream flow conditions to maximise the flood mitigation benefits of the dams.

Significance of the Flood Event

The January 2011 flood event was exiﬂem@y large and rare. Relevant statistics that
demonstrate this fact are:




o Catchment average rainfalls recorded for the catchment aréa above Wivenhoe Dam
indicate rainfall intensities for the 72 hour and 120 hour periods to Tuesday 11 January
2014 at 19:00 had an annual recurrence interval of between 1 in 500 years and 1in 1000
years. These appear larger in magnitude than the 1893 flocd of record.

o Point rainfalls experienced in the Wivenhoe Dam storage area between 05:00 and 13:00
on Tuesday 11 January 2011 are estimated to have an annual recurrence interval of
between 1 in 500 years and 1 in 1000 years. Although this rainfall was not recorded at a
single station, it must have occurred in order to reproduce the rapid storage level rises s,

¢ The volume of total inflow into Wivenhoe Dam experienced during this event h@jﬁ’een
calculated to be in the order of 90% more that the comparable volume of inf\!cj}wf
calculated from the January 1974 event. KR
S

e The water flow into Wivenhoe Dam experienced during this event is. r,%ﬁ‘resented by a
dual peaked hydrograph with the two peaks separated by 30 hou[\?"}a d the maximum
flow rate at both peaks estimated to be in the order of §0% grqég'

that the comparable
flow rate calculated from the January 1974 event.
;(1-,.«
O
Flood Mitigation Benefits of the Dams {3)
<

Wivenhoe Dam provided clear and greatly significant j[g’ﬁd‘/mitigation benefits during the event,

with some relevant statistics being: A B

o The following graph demonstrates the gég\nificant benefits of Wivenhoe Dam in mitigating
the current flood event. Just below thg dam, the maximum hourly flow rate in the
Brishane River was reduced by &?X’,"the maximum three hourly flow rate was reduced
by 30% and maximum six houﬁg“ low rate was also reduced by 30%.

A

o e |fthe above flow rate red@é&ions are translated to reductions in flood peak height

p.?f» g downstream of Wivenhge:Dam, the estimated fiood peak height reductions are up to 2.5
metres in the City A@jé; Up to 4.0 metres in the Jindalee Area and up to 6.5 metres in

the Moggill Areaﬁ.ggﬁ_;‘

e These projeg ad reductions in the flood peak height equates to significant reductions in
the potent'@i,for loss of life as well as saving in damages in the order of up to $1.6 hillion
based on current damage curves (Source: Flood Damage Tables provided to Seqwater
by the Brisbane City Council).

Y
o A\(&?hout Wivenhoe Dam and without the above flow rate reductions, it is estimated that
\f;é up to 13,000 more properties would have been impacted by the event. (Source: F lood

(5‘15 ' Damage Tables provided to Seqwater by the Brisbane City Councit).

l

experienced at Wivenhoe Dam during this period. f\&) D Pt




Wivanhoe Dam - January 2011 Flood Event
{Dam I[nflow and Flood Release Summary}

13000

== Dam [nfiow

12000 1 =—--Dam Relsases

{2am Infiow minug

1%000 1
Somersel Outiow

10000 |

000 T

6000 T

Discharge {m3/s)

5000

4000 T

3500 1

2000 1

Lt R ARy /e
[ ¥ ) !‘. l‘F
(2]

!

1600 1

PR
i

! ‘\ {
' i

[k 13 i ,"‘J’f“ A M

AL ‘j,‘.;‘“.}t!{.. A
14/1/11 0:00 16/t#11 0.00 181711 0:.00 2001441 0:00

I

Q-

6M/11 G:00 4241115 0:00

81111 0:00 10/1/11 0:00

Time

Flood Operations During the Event

&
vent, flood operations decis\igﬁ%aking was made in accordance with the
for Flood. |tf§ation at Wivenhoe Dam and Somerset Dam
n accq@@nce with the Manual, three primary factors were
N

O .
é <épa’ajramount. Every attempt was made to ensure that public
e%tjélevant authorities prior to them being inundated by controlled
dam outflows; and every’ ttempt was made to allow authorities to make appropriate
arrangements to prgi}are for community isolations and to undertake any necessary

evacuations. 3 b

During the Flood E
Manual of Operational procedures
(Revision 7). In making decisions i
always considered:

The safety of the public wa
roads were closed by t

(]

o
The safety, o;f/;\,tl'?e dam was paramount. At no stage was a situation allowed to develop
that would put either dam at any risk of overtopping or failing. This is because a failure
of Wivé‘nhoe Dam would likely result in damage and loss of life that would be 100 to 1000
ti?§§greater than that which was expetienced (Ref: Wivenhoe Dam Break Study).

e;<§<Evéry attempt was made to ensure that the extent to which water flowed over the floors

/;@jﬁf"'{gj’@h and commercial buildings was minimized. Dam outfiows that contributed to
) // such flooding were delayed until it was apparent that no other option was available
£ / without risking the safety of Wivenhoe Dam. This is demonstrated by the above inflow
:’{ o d[ graph which shows that the impact of the first inflow peak was completely mitigated. The
(B ENT second peak, which resulted from rainfall on the dam with an annual recurrence interval

of between 1 in 500 years and 1 in 1000 years, could not be completely mitigated but its
impacts were certainly greatly reduced. The location of the rainfall associated with this
second peak, on and peay the dam, also minimized available mitigation options.

ri-’(:({f 2o ?fn



It should also be noted that weather forecasts in the early stages of the event did not support
flood releases being made from Wivenhoe Dam greater than those that actually occurred.
Increased flood releases in the later stages of the event (prior to the morning of 11 January
2011) had the potential to worsen urban damage, due to the apparent southward movement of
the prevailing weather system. Had the rain that fell on the 11 January 2011 fallen south of the
dam, the transition to Strategy W4 may have been avoided. However urban damage would
have likely increased under this scenario, due to the loss of the attenuation effects provided by
the dam.
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EXECUTIVE SUMMARY

Background

Since the original Wivenhoe Dam investigations commenced in the 1970s, it has been shown in
many engineering studies (see Appendix U) that a flood event similar in magnitude and
circumstances to the January 2011 Flood Event would result in urban damage below Moggilk.
The most notable recent studies are contained in the design report associated with the 2005
spillway upgrade of Wivenhoe Dam; and the 2009 Wivenhoe - Somerset Interaction Study @i}
was prepared to support the 2009 review of the Manual of Operational Procedures for Flo
Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7) ("the Manual®). The Ma QET
defines the objectives and procedures for operating the dams during flood events 5%5@;1
understanding of the Manual is important when reading this report. &

Flood events impacting Wivenhoe and Somerset dams are caused by rainf @%nts that vary in
intensity, duration and distribution over a catchment area exceeding 7,00 tiare kilometres
above the dams. When making decisions about releasing water from { ams during flood
events, consideration is also given to rain falling in Brisbane River cg@ﬂl ent areas not
controlled by the dams. These catchment areas, which include th%l_ockyer Creek and Bremer
River catchments, also comprise an area in the order of 7,000 @are kilometres and rain falling
in these catchments will also vary in intensity, duration and d@?{: bution. Accordingly, there is an
infinite number of flood event scenarios that the Manua%@_)ﬁﬂ to account for.

Given the infinite number of potential scenarios, it is Qg ossible for the Manual to contain a
specific procedure relating to every possible floogk@ent. Therefore the Manual takes the
approach of providing strategies and objectiveg:{G-guide operational decision making during a
flood event. The strategy chosen at any poiqtgl?ff.’lime will depend on the actual levels in the
dams and flood modelling predictions whi(e\’hzare made using the best forecast rainfall and stream
S

A number of strategies in the Mgglc‘ére likely to be used over the course of the event.

flow information available at the time.

Strategies change during a flogd8vent as forecasts change and rain is collected in the
catchments. It is not possibl redict the range of strategies that will be used during the
course of aflood event betg_’, or at any time during the event, prior to the event peak.
Strategies are altered i ponse to changing rainfall forecasts and stream flow conditions to
maximise the flood 'J’%ﬁ‘zn benefits of the Dams.

Additionally, giveﬁ‘*the current level of forecasting technology available, it is not possible for the
Bureau of Metéprology to provide completely accurate rainfali forecasts for the dam catchment
areas. A c{?{ée of uncertainty is present in all forecasts and the further forward in time that
forecasts@re provided, the greater the degree of uncertainty there is in the forecast.
Accordingly, three primary factors are always considered in flood operations decision making:

M. The safety of the public is paramount.
2. The safety of the Dam is paramount.

3. Every attempt is made to ensure the extent to which water flows over the floors of
residential and commercial buildings downstream of the dam is minimised. Dam
outflows contributing to such fiooding are delayed until it is apparent no other options are
available without risking the safety of the Dams.
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SUMMARY OF JANUARY 2011 FLOOD EVENT
The following series of tables provides a detailed summary of the operation of Wivenhoe and LT

Somerset Dams during the January 2011 Flood Event that impacted on Brisbane. Each table
covers a period of the event during which one of the following occurred: s :v

L]
otf

e There was a transition or change to the flood operation strategy used as defined by thi

Manual. £
o There was a period of stability during which no gate operations from either Wiygnhoe

& e

Dam or Somerset Dam were directed. :
e There was a period of sustained gate operations (either opening of ctosmg) aLelther

N

Wivenhoe Dam or Somerset Dam. 5

N

«5“9
sf“

Each table also provides a summary of both relevant background mformatlon and a summary of
the information that was used in decision making during the period covere& by the table. This

information includes: D

-
e

povy b

¢ Details of the time period covered by the table. S
o Relevant background information from the period Ieadmg uia 1o and during the time

period covered by the table. i

¢ Changes in dam levels during the period. P
¢ Rainfall information (including forecast rainfall l‘é‘nd“model results avaitable during the
period. Tt

e The Strategy used and/or adopted durmg the penod

Further reports and appendlces are avallable ta eXpIam in detail the derivation of the technical
information presented in the tables. Much of the background detail in the reports is taken from Ao

the event log. . N

_W,V._‘,'M‘-na}‘} J ig) fed i,
In summary, the event was\extremé}wﬁﬁ some relevant statistics that demonstrate this fact as
follows: o

e Catchment average r@nfal!s recorded for the catchment area above Wivenhoe Dam
indicate rainfalf- intensities for the 72 hour and 120 hour periods to Tuesday 11 danuary
2011 at 19 éahad -an annual exceedance probability of between 1 in 500 years and 1 in

1000 years“w 5 -

e
)

° F’glﬁt ramfalls experienced in the Wivenhoe Dam storage area experienced between
05:00. and 13:00 on Tuesday 11 January 2011 have been calculated to have an annual ;
) exceedance probability of between 1 in 500 years and 1 in 1000 years. Although this iy Zons
< rainfall was not recorded at a single station, it is calculated to have occurred based on e
o ‘"“»z_.,-the extreme storage level rises experienced at Wivenhoe Dam during this period.

The volume of total inflow into Wivenhoe Dam experienced during this event has been
calculated to be in the order of 88% more that the comparable volume of ifflow

calculated from the January 1974 event. .
w)f (;/(.rw 7(£.f(r'jf

The peak mﬂomymto Wivenhoe Dam experienced during this event has been calculated X

to be in the order of 50% more that the comparable peakfmﬂc?w calculaied from the

January 1974 event. //,wf, P Cor €
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CERTIFICATE OF EXHIBIT

Exhibit 8 1o statutory declaration of ROBERT AYRE affirmed and declared
30 January 2012.

Declarant Snolicitor

B:1377523_1 NMW

CERTIFICATE OF EXHIBIT Holding Redlich
Level 1, 300 Queen Street

Brisbane_Q 4000
Tel: (07
Fax: (07
Ref: TZB:11800005
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2  SUMMARY OF JANUARY 2011 FLOOD EVENT

The following summary must be read in conjunction with the Manual of Operational Procedures
for Flood Mitigation at Wivenhoe Dam and Somerset Dam (Revision 7) Cthe Manual’). It
provides a detailed summary of the operation of Wivenhoe and Somerset Dams during the
January 2011 Flood Event that impacted Brisbane. Each {able covers a period of the event
during which one of the following occurred:

« There was a transition or change to the flood operation strategy used as defined b){,'\@é
Manual.

» There was a period of stability during which no gate operations from either Wi hoe
Dam or Somerset Dam was directed. I

o There was a period of sustained gate operations (either opening or ciosir\@gt either
Wivenhoe Dam or Somerset Dam, N

Each table also provides a summary of relevant background information éﬁ’a summary of the
information that was used to make decisions during the period covere@ the table. This
information includes: ~

s of the {ime peri &
Details of the time period.
Relevant background information from the period le@% up 1o and during the period.
Changes in dam conditions during the period. C;
Rainfall information (including forecast rainfal%?d model results available during the

period.

» The strategy used and/for adopted duﬁn&{@period.
It should be noted that the forecast rainfall @l results apply the full 24 hour catchment
average rainfall forecast from the Burea %f*Meteorology (BoM) Quantitative Precipitation
Forecasts (QPF) to the model run. It gmﬁé not lake into account the model run time in relation to
the issue time of the forecast or th all since the forecast was issued. In effect, this provides
a “worst case” 24 hour scenaricél details of the modeling results are shown in the tables
contained in Appendix A.  Othgstools used to support decisions that were examined and
considered in conjunction %l)@lhe modeling results and the 24 hour QPF included:

The BoM wea I@Qadar available through the BoM website.

e BoMSILO ograms Forecast Rainfall (pased on BoM ACCESS Model).

« BoM Interaiive Weather and Wave Forecast Rainfail Maps (based on BoM ACCESS
Model)y ~

¢ BoMAWdter and the Land Forecast Rainfall (based on an ensemble of several numerical
weggther prediction models).

. ({’&evere Weather Warnings issued by BoM.

are considered the primary forecast too! as they are provided by BoM 1o give specific
fotecast information in relation to the dam catchiment areas.

A significant quantitative variation from BoM model resuits presenting three day and five day
rainfall forecasts can be expected in relation to other available rainfall forecast information, This
is demonstrated in the following table that contains translated rainfall forecasting results using
ACCESS model result data provided by BoM during the critical period of the event between &
and 11 January 2011. The original BoM data has been transtated to forecast catchment



average rainfall results, based on a derived catchment centroid rainfall estimated by using
Seqwater’s Flood Early Warning Modeling System.

COMPARISON OF ACTUAL AND FORECAST RAINFALL FROM BOM ACCESS MODEL
Somerset Dam Catchment Average Wivenhoe Dané;raltf:ﬂment/\verage
Rainfall (excluding Somerset Dam Catchment}
Forecast Date
and Time 3 Days from 5 Days from 3 Days from 5 Days from
Actual Forecast | Actual Forecast | Actual Forecast | Actual Forecas;; 8
Rainfatl Rainfall Rainfall Rainfall Rainfall Rainfall Rainfall Rainf;
{mm) (mm} (mm) {mm} {mmj} (mm) (o) ()
06/0t/2011 00:00 | 90 73 403 115 79 90 275 N
06/012011 12:00 | 150 85 515 133 87 51 335 Q> 78
07/01/2011 00:00 | 298 189 568 208 180 133 AR 144
0710172011 12:00 | 321 123 536 137 183 IR PED 89
08/01/2011 00:00 | 332 191 527 208 205 207 309 218
08/01/2011 12:00 | 447 165 527 169 284 1368 309 139
09/01/2011 00:00 | 500 230 510 231 208 | gap | a1 268
09/0172011 12:00 | 441 140 446 141 271 la 170 273 171
10/01/201100:00 | 278 463 280 465 169N 171 170 171
1010172011 12:00 ] 218 59 219 60 450> | 389 141 330
11/01/201100:00 | 196 19 197 19 |15 231 105 231
&

The table above shows:

« There are variations in excess of 700°\ tween successiva three day catchment
average rainfall forecasts made 12 hetirs apart.
« There are variations in excess ofg % between successive five day catchment average
rainfall forecasts made 12 hopfeXipart.
« There are eight instances rﬁT ich actual rainfall recorded is greater than 200% (highest
is more than 1,000%) ofdhig three day forecast rainfall.
e There are three Insta in which the three day forecast rainfall is greater than 150%
(highest is 280%) qf'the actual rainfall recorded.
e There are nine jp§nces in which actual rainfall recorded is greater than 300% (highest
is over 1,000%3 the five day forecast rainfall.
+ There are \mslances in which the five day forecast actual rainfall is greater than 200%
(highez: is 280%) of the actual rainfalt recorded.
These resa#%learly show three day and five day forecasts only provide an indication of future
rainfall aftd these forecasts cannot be used as a basis of flood operations decision making
wherelptblic safety in both rural and urban areas is directly impacted. This forecasting
in lion uses the most up-to-date scientific information available at the present time. Future
ifepYovements in this area will be examined with interest in order to maximise the flood mitigation
benefits of the dams. This issue is discussed further in Section 6.0.

The source data for the information shown in the tables below is contained in the following
Appendices of this report:

¢ Appendix A —~ Model rResults
« Appendix B —~ Flood vMolume Sgummary
e Appendix C - Quantitative Precipitation Forecasts (QPF}



Appendix D — Catchment rRainfall

Appendix E — Situation rReports

Appendix G — Severe wWeather wifamings
Appendix H - Flood gEvent Nnotification eEmail
Appendix L - Flood Ggperations Bdirectives
Appendix M - Flood eEvent JLog
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Performance of RTFM

Introduction

The Real Time Flood Operations Model (RTFM) is known as FLOOD, which is a
mnemonic for Flood Level Observations and Operations of Dams. The system was
developed by the Department of Natural Resources in 1994 as part of the Brisbane
River and Pine River Flood Study.

The system consists of two integrated modules:

e FLOOD-Col,
e FLOOD-Ops.

FLOOD-Col is the data capture module whilst FLOOD-Ops is-the data analysis
module. The system is accessed through a Graphical User Interface (GUL) that allows
the operator ﬂcx1b111ty in managing the system.

The modelling system was developed under a Unix o‘;ﬁéfa’i:ing environment using
OSF/Motif GFUT under the X Window system. In 2008, the system was ported to a
LINUX operating environment and is currently runmng on a DELL PowerEdge 1800

Server.
FLOOD performs the following tasks, o
It automatically and contmuously, .

o Collects, filters and 'stores hydro-meteorologic data in real time,
° Evaﬁluates the-spatial and temporal distribution of antecedent catchment soil
moisture COIldltIOIlS on a daily basis,

Upon operatpr"ihitiation.

e Assigns temporal and spatial distributions of forecasted rainfall and forecasted

-, rainfall for extension info the future,

- Generates files from databases suitable for use in hydrologic modelling,
Performs hydrologic routing of stream flows in an integrated environment,
Provides estimates of storage performance and resulting downstream releases,
Prepares summary output in textual and graphical format for storage operation
and resulting downstream flood flows/levels.

e o o & .




Radio Telemetry Stations

The primary source of raw data for the system is rainfall, river height and lake level
sensors located within and around the relevant catchments. Rainfall sensors consist of
standard tipping bucket rain gauges attached to a data logger. The river height and
lake Ievel sensors vary in type and model but include shaft encoders, wet pressure
transducers and dry pressure transducers. Refer to Section xx for more details.

The sensors are attached to encoder/radio transmitters that send radio signals
containing an accumulated value using a standard Automated Local Evaluation ip—,
Real Time System (ALERT) style radio signal. This has become the adopted st‘andard
for flood Warmng networks adopted by the Bureau of Meteorology. A systerfrof”
repeater stations is installed within the catchment to ensure the signals reaeﬁ‘the base
station located on top of the building housing the Flood Operations Centre,~

ey
-

-
P
-

System Architecture i

A'*L

FLOOD was designed as two major sub-systems; data, eollectlon and data analysis.
The FLOOD modelling system was developed as afuilxmtegrated system as it
automatically associates data collected and process mo '“”aeis with catchment spatial

information. -y

Data Collection a}{r

Data collection is completely mdependent to data analysis within the FL.OOD system.
Data collection is performed on-a gensor by sensor basis. Signals sent form the field
arrive randomly at the FQObase station and are relayed to the computer hardware
platforms serial port via a décoder. The system enables the serial port to receive the
incoming sensor infoxriiation which consists of a sensor identification number and an
accumulated sensg?value The signal is read, decoded, accepted or rejected, filtered,
validated and then stored in a sensor database. All information is stored in the data
base even ifi] it is considered ‘trash’ data.

EAS
el

A senso‘.r‘detalls database contains details of each sensor, including:

-.,;= Sensor name

o Identification number

o Type of sensor

¢ (Calibration information

¢ Alarm thresholds

e And rating curve information if applicable.

Filtered data obtained from the sensors can be viewed in a textual or graphical format.
Facilities for viewing groups of sensors are available. The types of information that
can be viewed or edited include height, discharge, rainfall pluviographs, rainfall
hyetographs, lake levels and dam volumes.



No issues where observed with the RTFM data collection module during this event.
Some sensors stopped reporting during the course of the event, but this related to
issues with the field sensors and not the data collection module. Some sensots also
required re-calibration during the event as they where repaired or the data started

‘drifting’.

Data Analysis

The data analysis system has been developed around the concepts of regions, .,
processes and cases. P
Regions AR

Regions are spatial areas such as catchments located above a st;eam gaugmg station,
which can be assi gned various input definitions and process ; quules depending upon
the nature of the region. For example, a sub-catchment is ass1gned a soil moisture
accounting process and a runoff-routing model process, ﬁHereas a reservoir region is
asmgned only a reservoir routing process, A region grblatlonshlps with neighbouring
regions are defined for each process associated W,Lth'fhe region.

The regions database contains the followm,g;;nf‘@rmatlon;

L "
ml\"‘

e Extent and location of sub- areas“wzthln regions, and regions within
catchments, BN

 Connectivity of sub-areas W1th1n regions, and regions within catchments,

e DProcesses associated wﬁh Cehch region,

e Process module input definitions.

Figure X shows the r.égibn Iayout adopted in the FLOOD systen.

Process ri;_ NS

A Process s a computatmnai model of a physical mechanism. Examples as stated
1nclude sdﬂ moisture accounting, runoff-routing, reservoir routing and hydraulic

rout‘hg

Sml Moisture Accounting Model

The Soil Moisture Accounting Model is used to provide an indication of the
catchment wetness at the commencement of a flood event. Relationships have been
derived which relate conceptual soil moisture storage volumes with rainfall loss rates.

The FLOOD system contains a number of different process models which perform
similar functions. For example the Soil Moisture Accounting Module consists of
several different model types which are:



Antecedent Precipitation Index (API)
Resdinal Baseflow Index
SACRAMENTO Model

In this event the API model was used to derive initial estimates of rainfall loss rates
during the early period of the flood event. These estimates were then modified as
initial stream rises were detected and event loss rates could be then assessed by
matching the timing and rate of rise.

Table xx Loss Rate Estimates of Regions - 5 January 2011

Region API Sacramento Sacramento
Initial Loss Initial Loss Continuing
(mm) {mm) Loss
(mm/hr)
Upper Brisbane River A
COO 28.0 26.5 3.5,
LIN 22.6 13.6 3.3
EMU 30.7 25.2 2510
CRE 33.3 29.6 .. 33
GRE 29.2 23.7 ¥ 3.9
Middle Brisbane River -._ %
WDI | 31.8 | o5 2.8
Stanley River .= .°
SDI | 22.2 423 | 2.5
Lockyer Creek™
HEL 30.4 37250 4.0
TEN 241 Ay 00 3.5
LAI 14.8 === | 0.0 4.3
GAT 293, 7 21.8 3.6
LYO 28,8 20.9 4.2
.3 Bremer River
WAL J£30°7278 28.1 2.9
KAL | “.7 241 0.0 2,0
AMB- ™, 27.6 0.0 2.0
PURS. 34.3 0.0 2.1
LIPS 334 0.0 2.0
SRS Lower Brisbane River
SSAV 34.2 37.3 3.0
MTC 33.1 33.0 3.8
JIN 33.5 34.0 3.8
POG 33.6 334 3.8
ENO 30.3 25.2 1.2
BUL 33.2 26.6 4.2

Relationships derived by the Bureau of Meteorology that link API and initial loss rate
have been utilised. These equations are of the following form:-

Somerset Dam



IL=777?
Wivenhoe Dam
IL=977?

North Pine Dam
IL =72777

The continuing loss rates were varied throughout the event fo ensure that the overall
shape and volume of the flood event was being matched to an acceptable leve}

-
E
““

.
N

Runoff-routing Models -,“ <

An event based runoff-routing model similar to that described by Mem Laurensen
and McMahon (1974) was used to model the surface runoff from #région, The model
consists of concentrated storages distributed over the region whtc;h have a non-linear
storage-discharge relationship. The 1mplementat10n of the moﬁ‘el originated as WT42
(Shallcross, 1987) but was re-written in ANSI C for the meiuswn of in the FLOOD
system and to accommodate improved data structurescreqmred to access data in real
time. The model was also modified to operate in a-ganfier which allowed separate
regions to be run as a series of linked cascading models This formulation of the
models allows for more effective use of spatxale varying data.

The runoff-routing models were cahbrafed to up to ten historical flood events and
have been used to successfully mmulafe»_operatlonal floods in February 1999, March
1999, February 2001, February 2010%11’1d March 2010.

‘~ i

Table xx Region Runoff- Roﬁf‘ ngModel Parameters

+
har

Region <> Ke m
S0 Upper Brisbane River

COO% 43.6 0.8

LN 20.6 0.8

w_ BMU 37.2 0.8

£33+ CRE 34.3 0.8

%> GRE 20.1 0.8
B Middle Brisbane River

WDI | 108.5 | 0.8

Stanley River
SDI | 60.3 [ 0.8
Lockyer Creek

HEL 15.0 0.8

TEN 19.0 0.8

LAI 42.1 0.8

GAT 61.9 0.8

LYO 53.9 0.8




Bremer River

WAL 44.0 0.8

KAL 34.0 0.8
AMB 35.0 0.8

PUR 49.0 0.8

IPS 15.7 0.8

Lower Brisbane River

SAV 40.0 0.8
MTC 47.0 0.8

JIN 294 0.8

POG 193 08 =
ENO 9.1 0.8 r;":" i
BUL 10.5 0.8

Base-flow Models ‘ ﬂ{_}:‘t{: =~

During the February and March 2010 flood events, a base flow. model’ was
introduced fo assist in the assessment of the timing of releasg- elosure sequences. This
was done to add some consistency to the assessment and,ggqmde a catalogue of
recession constants applicable to the various dam catchméﬁ,t—“s.

.
T

b *
Yo am S
PENEC

The base flow model has the form:- e

& o
e

Base Flow = ((Base Flow at t-1)xBR) + (BCxIE?IodelCatchmant Inflow at ty*"BM))

—
-
1
g

Where: A

-
by “a-:‘
B
PN

an A e

et s

t= Current Time Step < ™.~

BR = Base Flow Recegéiﬁ‘h"(}onstant (~0.90 or less than unity)
BC = Surface Runoff Factor (~0.004)

BM = Power (;.{.0)3"'

Reservoir Routin"g:ﬁ"dﬂels

e
< *‘

The reserveif rouing models incorporated into the FLOOD system are based on level
pool routifig algorithims. The models for Somerset Dam and Wivenhoe Dam are
comphoatea by the fact the dams are operated conjunctively to maximise the flood
m1tfg&tmn benefits of the overall system and so therefore they have been adapted to
reﬂect the gate configurations of each particular dam.

The gate operations module incorporated into FLOOD is an adaptation of a stand
alone computer program known as WIVOPS that incorporates the flood operation
objectives described in the October 2004, Version 6 of the ‘Manual of Operational
Procedures for Flood Mitigation for Wivenhoe Dam and Somerset Dam’.

WIVOPS was modified in May 2005 to incorporate the Stage I auxiliary spillway
works as defined in the Wivenhoe Dam Alliance Report entitled,” Design Discharges
and Downstream Impacts of Wivenhoe Dam Upgrade’, Report Number Q1091, June
2004,




The WIVOPS configuration incorporated into the FLOOD system does not fully
reflect the revised operational strategies of the current Version 9 of the Manual which
considers the latest revision of design flood hydrology of Somerset Dam.

Therefore, inflow estimates have fo be extracted from the FLOOD system and
imported into customised gate operation spreadsheets for use in determining
appropriate gate operation strategies in accordance with the latest manual.

Case

A Case is an event based sequence of processes applied to a number of regions o

Generally, all regions are included in a case, which is identified by a unique case ~_°

name. The following items are required to define a Case and are entered through the

case edit mode: Y

Name and description of Case, AN

e Simulation start time, time_now, simulation finish time anﬂ“ tt)mputatlonal
time step, - e

¢ Rainfall to time_now, =

Rainfall loss model type and required rainfall loss rates and spatial

distribution, o~ ."’,

Forecast rainfall duration, depth, spatial and‘te,mporal distribution,

Regions included in Case, -

Hydrologic model routing parametegs_, 3»

Reservoir start volume and operatmgprocedure

o R
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Performance of RTFM

Introduction

The Real Time Flood Operations Model (RTFM) is known as FLOOD, which is a

mnemonig for Fl@gd Levefl Servatjons Mermzons of Dams. The system was
—9!?‘ developed by the Department of Natural Resources in 1994 as part of the Brisbane

River and Pine River Flood Stud
yw\ﬂm, ¥ L,wu/wb_ WJn_—./( bw&ottc)&w/*—/

A

The system consists of two integrated modules: fl;\\“ f lood Wﬁf& .

~ de ey
e FLOOD-Col, % f/m QEL;D b F;,_,
e FLOOD-Ops. Wil & Se—aot g

. ‘

FLOOD-Col is the data capture module whilst FLOOD-Ops is:the data analys1s
module. The system is accessed through a Graphical User lﬁtétface (GUI) that allows

the operator flexibility in managing the system. e

~s

The modelling system was developed under a Unin,lj?;J:cE“;fttting environment using
OSF/Motif GFUI under the X Window system. Tn-2008, the system was ported to a
LINUX operating environment and is currentlm;unmng on a DELL PowerEdge 1800

Server, A

FLOOD performs the following task ~7 i"“

It automatically and continuou.gly,m,.

i

e Collects, filters and St Stores hydro-meteorologic data in real time,

. Evaﬁluates the:$pattal and temporal distribution of antecedent catchment soil —
moisture cond1trens on a daily basis,

_m.
Bl \.

Upon operator nntlatlon

e\ w\‘

o A§§igils temporal and spatial distributions of forecasted rainfall and forecasted
£ ramfall for extension into the future,
e < Generates files from databases suitable for use in hydrologic modeling,
“é Performs hydrologic routing of stream flows in an integrated environment,
¢ Provides estimates of storage performance and resulting downstream releases,
e Prepares summary output in textual and graphical format for storage operation
and resulting downstream flood flows/levels.



Radio Telemetry Stations

The primary source of raw data for the system is rainfall, river height and lake level
sensors located within and around the relevant catchments. Rainfall sensors consist of
standard tipping bucket rain gauges attached to a data logger. The river height and
lake level sensors vary in type and model but include shaft encoders, wet pressure
transducers and dry pressure transducers. Refer to Section xx for more details.

The sensors are attached to encoder/radio transmitters that send radio signals
containing an accumulated value using a standard Automated Local Evaluation ip—,
Real Time System (ALERT) style radio signal. This has become the adopted staniddrd
for flood warning networks adopted by the Bureau of Meteorology. A systefihof
repeater stations is installed within the catchment to ensure the signals rgg‘eﬁ*ithé base
station located on top of the building housing the Flood Operations Ceiitre.”

P
Yoo e
. st
¥
—
e v
ey

P
-~

System Architecture PRgy

-

P

FLOOD was designed as two major sub-systems; data, c‘ppl:ﬁaﬁion and data analysis.
The FLOOD modelling system was developed as a full§ integrated system as it
automatically associates data collected and process models with catchment spatial

information. -

Data Collection Y
Data collection is completely i,;gd‘épg‘ndent to data analysis within the FLOOD system.
Data collection is performed-'qpiamé’ensor by sensor basis. Signals sent form the field
arrive randomly at the FOC-base station and are relayed to the computer hardware
platforms serial port via a décoder. The system enables the serial port to receive the
incoming sensor infonation which consists of a sensor identification number and an
accumulated sensof-yalue. The signal is read, decoded, accepted or rejected, filtered,
validated and tHen stored in a sensor database. All information is stored in the data
base even jfit is considered ‘trash’ data.

- -

A sex;g;o‘f“‘défails database contains details of each sensor, including:

B Vac
PN

- et

N
-

Sensor name

Identification number

Type of sensor

Calibration information

Alarm thresholds

And rating curve information if applicable.

‘.Aij

-~

Filtered data obtained from the sensors can be viewed in a textual or graphical format.
Facilities for viewing groups of sensors are available. The types of information that
can be viewed or edited include height, discharge, rainfall pluviographs, rainfall
hyetographs, lake levels and dam volumes.



4

No issues where observed with the RTFM data collection module during this event.
Some sensors stopped reporting during the course of the event, but this related to
issues with the field sensors and not the data collection module. Some sensors also
required re-calibration during the event as they where repaired or the data started

‘drifting’,

Data Analysis

The data analysis system has been developed around the concepts of regions, .~
processes and cases. e
Regions A

Regions are spatial arcas such as catchments located above a streani-gauging station,
which can be assigned various input definitions and process p{éﬁules depending upon
the nature of the region. For example, a sub-catchment is dssighed a soil moisture
accounting process and a runoff-routing model process, whereas a reservoir region is
ass1gned only a reservoir routing process. A region s;eIatlonshlps with neighbouring
regions arc defined for each process associated thh fhe region.

The regions database contains the followmg mformatmn,

bl

e RBxtent and location of sub- -argas> ’wﬁﬁm regions, and regions within
catchments, PR

o Connectivity of sub-areas Wlthln regions, and regions within catchments,

¢ Processes associated wﬁll whch region,

¢ Process module mput definitions.

Figure X shows the I‘leoh Iayout adopted in the FLOOD system,

.Y

,!.\\*"

Process i

-
nt o=

A Procesé*{s z?computational model of a physical mechanism. Examples as stated
inclyde’ soﬂ moisture accounting, runoff-routing, reservoir routing and hydraulic
roufhg

n r

Soil Moisture Accounting Model

The Soil Moisture Accounting Model is used to provide an indication of the
catchment wetness at the commencement of a flood event. Relationships have been
derived which relate conceptual soil moisture storage volumes with rainfall loss rates.

The FLOOD system contains a number of different process models which perform
similar functions. For example the Soil Moisture Accounting Module consists of
several different model types which are:




¢ Antecedent Precipitation Index (API)

e Resdiual Baseflow Index
¢ SACRAMENTO Model

In this event the API model was used to derive initial estimates of rainfall loss rates
during the early period of the flood event. These estimates were then modified as
initial stream rises were detected and event loss rates could be then assessed by

matching the timing and rate of ris

c.

Table xx Loss Rate Estimates of Regions - 5 January 2011

Py

Region API Sacramento Sacramento
Initial Loss Initial Loss Continuing
(mm) (mm) Loss
_ (mm/hr)
Upper Brisbane River : L
CO0 28.0 26.5 35,
LIN 22.6 13.6 3.3
EMU 30.7 25.2 2l
CRE 33.3 29.6 L. N33
GRE 29.2 23.7 % 3.9
Middle Brisbane River .~
WDI | 31.8 | A 2.8
Stanley River .~ .’
SDI ] 22.2 423 | 2.5
Lockyer Creek™”
HEL 30.4 A= 3%725.0 4.0
TEN 241 A pr 00 3.5
LAI 148 === | 0.0 4.3
GAT 293, . 7 21.8 3.6
LYO 288 20.9 4.2
%" Bremer River
WAL 2577278 28.1 2.9
KAL _“t.” 241 0.0 2.0
AMB™_ 27.6 0.0 2.0
PUR™. 34.3 0.0 2.1
~IP§ 33.4 0.0 2.0
TR Lower Brisbane River
S SAV 34.2 37.3 3.0
MTC 33.1 33.0 3.8
JIN 33.5 34.0 3.8
POG 33.6 334 3.8
ENO 30.3 25.2 1.2
BUL 33.2 26.6 4.2

Relationships derived by the Bureau of Meteorology that link API and initial loss rate
have been utilised. These equations are of the following form:-

Somerset Dam




IL =777
Wivenhoe Dam
IL.=777?
North Pine Dam
IL =997?

The continuing loss rates were varied throughout the event to ensure that the ovcrall
shape and volume of the flood cvent was being matched to an acceptable 1evel

Runoff-routing Models ~'; <

An event based runoff-routing model similar to that described by Me‘m Eaurensen
and McMahon (1974) was used to model the surface runoff from arégion. The model
consists of concentrated storages distributed over the region whmh have a non-linear
storage-discharge relationship. The zmpiementauon of the mo&cl originated as WT42
(Shallcross, 1987) but was re-written in ANSI C for the 1n61u31on of in the FLOOD
system and to accommodate improved data structures rpqu}.'red to access data in real
time. The model was also modified to operate in a-ipanfier which allowed separate
regions to be run as a series of linked cascading modéls This formulation of the
models allows for more effective use of spatlale varying data.

The runoff-routing models were cahbraf" d 1;0 up to ten historical flood events and
have been used to successfully mmulaf'@ 0perat10na1 floods in February 1999, March
1999, February 2001, February 201 O»afid March 2010.

n,

Table xx Region Runoff—Roﬁhr}g Model Parameters

Region ‘,{} o Ke m
2T Upper Brisbane River

CO0™ 43.6 0.8

LN 20.6 0.8

. BMU 37.2 0.8

<t » CRE 34.3 0.8

<%~ GRE 20.1 0.8
- Middle Brisbane River

WDI [ 108.5 | 0.8

Stanley River
SDI | 60.3 ] 0.8
Lockyer Creek

HEL 15.0 0.8

TEN 19.0 0.8

LAI 42.1 0.8

GAT 61.9 0.8

LYO ' 53.9 0.8




Bremer River

WAL 44.0 0.8
KAL 34.0 0.8
AMB 35.0 0.8

PUR 49,0 0.8

IPS 15.7 0.8

Lower Brisbane River

SAV 40.0 0.8
MTC 47.0 0.8

JIN 294 0.8
POG 19.3 0.8 P
ENO 9.1 0.8 <.
BUL 10.5 0.8

Base-flow Models ,;";‘f';“ ’

During the February and March 2010 flood events, a base flow model’ was
introduced to assist in the assessment of the timing of release- elosure sequences. This
was done to add some consistency to the assessment and_p__ngleIe a catalogue of
recession constants applicable to the various dam catchments.

.~

2 e
-
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The base flow model has the form:- =

Ol
I3

Base Flow = ((Base Flow at t-1)xBR) + (BCxTModelCatchment Inflow at ty"BM))

-

Where: 43«} >

BR = Base Flow Reces’éi;ih Constant (~0.90 or less than unity)
BC = Surface Runoff Factor (~0.004)
BM = Power( 1 OT“

'

Reservoir Routmg*Models

' u-

The reservoit routmg models incorporated into the FLOOD system are based on level
pool routing algorithims. The models for Somerset Dam and Wivenhoe Dam are
comphogtea by the fact the dams are operated conjunctively to maximise the flood
mgg&ﬁen benefits of the overall system and so therefore they have been adapted to
reﬂect the gate configurations of each particular dam.

The gate operations module incorporated into FLOOD is an adaptation of a stand
alone computer program known as WIVOPS that incorporates the flood operation
objectives described in the October 2004, Version 6 of the “Manual of Operational
Procedures for Flood Mitigation for Wivenhoe Dam and Somerset Dam’.

WIVOPS was modified in May 2005 to incorporate the Stage I auxiliary spillway
works as defined in the Wivenhoe Dam Alliance Report entitled,” Design Discharges
and Downstream Impacts of Wivenhoe Dam Upgrade’, Report Number Q1091, June
2004,



The WIVOPS configuration incorporated into the FLOOD system does not fully
reflect the revised operational strategies of the current Version 9 of the Manual which
considers the latest revision of design flood hydrology of Somerset Dam,

Therefore, inflow estimates have to be extracted from the FLOOD system and
imported into customised gate operation spreadsheets for use in determining
appropriate gate operation strategies in accordance with the latest manual.

Case

A Case is an event based sequence of processes applied to a number of regions o
Generally, all regions are included in a case, which is identified by a unique case ™./
name, The following items are required to define a Case and are entered through the

PN

case edit mode: Y
e Name and description of Case, SRl
e Simulation start time, time_now, simulation finish time ancT cemputatmnal
time step, -

¢ Rainfall to time_now, N
Rainfall loss model type and required rainfall loss rates and spatial

distribution, -
Forecast rainfall duration, depth, spatial and‘temporal distribution,
Regions included in Case, -

Hydrologic model routing parameters T
Reservoir start volume and operatmg g’procedure,
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