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"4. PURPOSE OF THE REPORT

This report has been prepared by Lawson & Treloar Pty Ltd (L&T) to provide
advice on predicted flood impacts resulting from works associated with a
proposed residential development on Kildonan Ro Goondiwindi. ~ The

properly ('Riga’) is described as Lot [Jjon [ and n

The proposed works consist of construction of a levee system to protect the
proposed residential development. ' '

Floodihg impacts have been assessed for a February 1976 magnitude flood in
the Macintyre River system,

The property owner, A.J. Wallis, intends to apply to the Queensland Department

~of Natural Resources and Mines (NR&M) for approval of the proposed works.
Figure 1 shows the extent of the proposed works In relation to adjacent
propetties and the existing Goondiwindi town levee.

Results from this investigation wlll assist NR&M in determining the extent of
allowable levee bank development on the property. .

A & N.F. Wallis Assessmomnt of Flooding Impacis of a 4 January, 2002
J7897/1 Proposed Resldential Development Page 1
'Riga’, Goondiwindi
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2. APPROACH

2.1 Previous Studies
2.1.1 The Border Rivers Floodplain Study

In 1998, detailed hydrologic and hydraulic modelling of the entire Border Rivers
system was completed to downstream of Mungindi, as part of the Border Rivers
Floadplain Hydraulic Analysis (BRFHA). This work was undertaken using the

following approach:

e derive design flood hydrographs for all significant creeks and rivers
feeding into the Border Rivers system for the 1996 and 1976 flood events:

¢+ set-up a detailed MIKE 11 quasi-two-dimensional numerical hydraulic
model of the entire Border Rivers floodplain, from east of Boggabilla to
west of Mungindi, in¢luding the Welr River;

=  ensure consistency belween model predlct[ons and recorded flood levels
for the 1996 and 1976 floods; and

= review results and prepare guidelines for flbodplaln development for
Waggamba Shire Council.

2.1.2 Macintyre River 2D Study

Waggamba Shire Council commissioned L&T In 1999 to perform a detailed
analysis of the Macintyre River from Boggabilla to Dingo Creek using a two-
dimensional numerical flow model. This investigation was performed using the

following approach:

»  utilise the established BRFHA MIKE 11 hydraulic model to obtain general
flows in the vicinity of the study area; :

¢ setup a full two-dimensional hydratlic model using DHi's MIKE 21
modeliling system, _

»  calibrate the two-dimensional model using known 1996 historical event
~ flood levels and verify using known 1976 historical flood levels;

2.2 The Current Study

This investigation has been undertaken by constructing a fine scale two-
dimensional model within the bounds of the larger two-dimensional model
previously developed by Lawson and Treloar (J7484/R1, 2001) for the
Boggabilla to Dingo Creek analysis. The approach adopted for this project has

been as follows:

Ad &N.F. Wallls Assessment of Flooding impacls of & 4 January, 2002
J7BIT/RT Proposed Resldentlal Development Page 2
‘Riga’, Goondiwind! -
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set-up a detailed full two-dimensional model using the DELFT-FLS
modelling system covering the Macintyre River from 2.5km upstream of
the development site to 2,5 km downstream of the development site, using
photogrammetric survey obtained for the BRFHA and available spot level

survey over the subject site,

obtain Manning’s roughness values from the established Boggabllia to
Dingo Creek MIKE 21 model; o

obtain boundary flow and height data from the established Boggabilla to

Dingo Creek MIKE21 model for the 1976 magnitude fiood event;

run the DELFT-FLS model for the existing situation, taking account of all
existing levees In the area;

incorporate the proposed works into the DELFT—FLS model and re-run;
and '

assess predicted impacts and advise whether or not acceptable impacts
will be achieved,

AJ. & N.F. Wallls ) Assessmenl of Flooding Impacls ofa

JT897IRT

4 January, 2002
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3. ADOPTED GUIDELINES FOR ASSESSMENT OF
DEVELOPMENT PROPOSALS .

For this investigation, the guidelines used are those ar'ising out of the BRFHA
Study adopted by the Steering Committes for the Study (L&T, 1998). These
¢an be summarised as follows:

floodways must possess adequate hydraulic capacity and continuity to
enable the orderly passage of floodwater through the floodplain;

any system of floodways should conform as closely as is reasonable to the
natural drainage pattern after taking into account the existing floodplain

development;

the exit of floodwater from floodways should be at rates and depths similar
to those which would have been experlenced under natural conditions and
should discharge as close as practicable o the location of natural

floodways;

sufficient pondage must be retained on the floodplain-so that the flood
peak is not unduly accelerated to downstream areas or lts height

increased;

velogcities of flood flow-in the floodways should be minimised and be of an

- order which would not cause erosion under various land uses;

there should be no detrimental impact on any individual landholder or
community infrastructure;

there is no signiﬁcant redistribution of floodwater; and

a peak water level increase of 200mm on any adjacent propetty boundary
is the maximum allowable. Where development is proposed adjacent to
fully developed sites, the regulatory authority has the discretion to relax
this guideline prowded they are satisfied that no adVerse effect will occur

on adjacent properties.

AL &N.F. Wallis ' Assessment of Flooding Impacts of 8 4 Jenuary, 2002 - -

J7891/R 1
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4. RESULTS

Peak flood levels have been tabulated below in Table 1 for the 1976 maghitude
event., Reporting locations are shown in Figure 1.

Table 1~ Peak Water Surface Levels and Impacts for a 1976 Magnitude Event

Existing Case Developed Case

Reporting Difference
Location - Peak WSL Peak WSL (m)
(m AHD) (m AHD)
R1 218.47 218.47 0.00
R2 218.63 218.62 -0.01
R3 218.77 218.76 -0.01
R4 218.88 218.86 -0.02
R5 219.03 219.00 -0.03
R6 21917 21917 0.00
R7 219.32 219.42 0.10
R8 219.26 219.52 0.26
R9 219.38 219.54 0.16
-R10 210,64 219.65 0.11
R11 219.55 219.67 0.12
R12 219.75 219.84 0.09
R13 218.48 218.46 0.00
R14 218.49 218.50 : 0.01
R15 ‘ 219.02 218.99 -0.03
R16 218,75 218.79 0.04
R17 21860 218.63 0.03
R18 218.66 218.71 0.05
R19 - 219.14 219.24 0.10
R20 219.56 219.66 0.10

Figures 2 and 3 show the predicted peak flood levels and associated velocity
vactors for the exlsting and post-development situations respectively.

Figure 4 shows the predicted impacts of the proposed development as a
difference diagram, subtracting existing situation peak levels from post-

development levels.

AJ. & NLF. Wallis  Assessmemnt of Flooding Impacts of 8 4 January, 2002

JT89T/R1T Propased Resldeniial Davelopment FPage §
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5. DISCUSSION ON RESULTS

~ Impacts Immediately upsfream of the development are in excess of 200mm
{reporting point R8), which reduces the freeboard of the adjacent town levee
locally to approximately 50mm. Goondiwindi Town Council has indicated that
these impacts will be acceptable if town levee works are included to maintain a

500mm freeboard to the top of the levee.

On the NSW side of the Macintyre River and over the Newell Highway, the
proposed works increase pagak water surface levels by up to 100mm. This may
impact on the flood immunity of sections of the Newell Highway.

" Predicted flood velocities around the proposed site earthworks are less than 1
m/s, which Is below scouring velocity. It is therefore anticipated that earthworks

hatters will require only vegetated cover.

To allow low flows into the site, in order to maintain the site's Internal
watercourse, a gate is proposed. This gate will be shut at high fiood stages to
prevent mundaﬂon of the site.

Other factors that may need to be considered in the assessment of the levee
works that are not addressed in this report include:

o« stream stabllity & erosion;
. environmental considerations; and

«  other local flooding & drainage issues.

Al & NLF. Walils Assessmenf of Flooding Impacls of a 4 January, 2002
JT897/R1 Proposed Residential Development Page 6
‘Riga’, Goondiwind!
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7. QUALIFICATIONS

This report has been prepared for M.F.G. Shaw & Associates Pty Ltd acting on
behalf of A.J. & N.F, Wallis, to provide details on the theoretical pre- and post-
development flooding characteristics of a proposed levee associated with a

residential development,

Our analysis and overall approach has been specifically catered for the
particular requirements of M.F.G. Shaw & Associates and thsir Client and may
not be applicable beyond this scope. For this reason, any other third parties are
not authorised to utilise this report without further input and advice from Lawson

and Treloar.

The report is based on the following studies and information prepared by others:

»  Lawson and Treloar (L&T) has relied on survey data provided by:

- Waggamba Shire Council as part of the BRFHA Study;
- M.F.G. Shaw & Assoclates

The accuracy of the survey limits the accuracy of predictions.

»  L&T has relied on peak flood flow and level information prepared as part of
the Boggabilla to Dingo Creek Study

In particular, assessments have been based on the updated 1976 design flood.
This is a theoretical flood in this area of the fleodplain, which has been derived

from a previous numerical model study.

A &N.F, Wallfs Assessmen! of Flooding Impacts of a 4 January, 2002
JT897/RT : Proposed Resldeniial Development Pago 8
‘Riga', Goondiwindi
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MACINTYRE RIVER

REVIEW OF
FLOOD FORECASTING MODEL

1. INTRODUCTION

During the January floods of 1996, the operational URBS model was used for the
first time on major floods in the system, Several shortcomings and inaccuracies
were identified during this period and, as a result, the model has heen recalibrated

with additional data and additional events.

The short comings in the existing mode! were identified as:
* Explicitly modelling Coolmunda Dam

¥ QOver estimation of inflow volumes;
* Over estimation of some peak flows, especially in the Dumaresq River;

* Absence of the February 1978 flood, one of the largest on record, in the

calibration set, and;
* Impact of inflows from Beebo Ck, Oaky Ck and Campbells Ck,

Floods in the Macintyre River may be the resuit of flow in any of the three major
river systems upstream, Macintyre Brook, Dumaresq River or Macintyre River
or by a combination of flows in all three systems. The basin configuration is shown

in Figure 1.

Prior to this review, input into the flood forecasting modef was in the form of
observed hydrographs at 6 locations; Terraine and Barongarook in the Macintyre
Brook system, Haystack and Roseneath in the Dumaresq system and Ashford and
Wallangra in the Macintyre River system. These stations only account for 45%

of the total catchment area to Goondiwindi.

At this stage, the modsl does not take into account rain falling on the catchment
helow the & upstream inflow stations and this may account for a significant
increase in flood flows and volumes, especially if heavy rain falls in the lower
reaches of the system as occurred in January 1996, Some improvement could
be expected by including flows from Oaky, Beebo and Campbells Creeks.




pacoal oy - - Ajuo ybiey yped xd
PdO0aa jenleg - d - IUBAB BIOUM IO} RUODBI SNONURUGD & X
X X d X X X x x x X X x putmIplcosy LOTOLlY
- - - o owd 3d - - 3d 3d > 3d ¥ “engeftog o091y
d - - x x X X - - - - - UBUOPY mey LLgaly
x X x X X - x X x x X d 1sejpioy ZLogiy
3d 3d %d 3d 3d »d - xd 3d xd 3d x UBURESA 20891
X X b3 X X X b4 X X X X x aiBuglipA, oLo9ty
X X X X - - x % X - X x pIoJysy 9009 1Lp
- % X x x X X - X X X X ejebueg men SLEOLY
X x 'Y x x 'Y x x5d - - - - caney sH09Ly
x X X sd - - - - WMo 3w 3d d sexel | LOG9LY
X X X - x - - 'Y x X X X JapL AmEYSUCE ro0atly
x X X d X x x X X X X ~ yomsAeH 8009ty
X x x d X - X b4 X x S % x yesuesoy LE09LY
x x X x X x x x - - - - spueg sqoeg SOy
x X X x x x x X x X - JBpn poome]Bul Zorely
X x X - - yd - X - »d - b4 Buudspooss LOPOlYy
x x x »d - - 3d X ad ad 3d X . poome]bu] +0ES L4
x x x - - - - X - - xd xd MLBPUNWICCD | 9Lpoly
x X X x - - - x X X x X MH BpUnueaD eOtaly
- - - X x X X x x % x X Hoousbiameg CLO9LY
X b b x X x X X X x X x- 1 BUIRLIG ) oAl
{clossL {zlges1 {L)9s5L 2651 1661 1661 0661 a6l resL £861 Z86L 946k
uep uepr upp qod g9 uep dy ady me Asly W qal uoRS UMY
‘ SAYO003Y 1HDHEH Y3AIM
¢ 3avi




4, DISCUSSION

Based on data from the recent évents and the February 1976 and April 1988
floods, the average travel times and reach length factors were re-derived for each
reach incorporating the latest data sets, The adopted reach length factors are

shown in Figure 3,

The effect of Coolmunda Dam was incorporated by inclusion of the stage-storage-
discharge data for the reservoir, as shown in Table 4. The discharge curve was
determined from tailwater readings and comparison with upstream and
downstream flows at rated stations, It assumes normal automatic operation of the
Coolmunda gates, If this automatic operation is over ridden, headwater levels will

not correctly reflect the Coolmunda outflow,

TABLE 4
COOLMUNDA DAM
STAGE-STORAGE-DISCHARGE TABLE

Dam Level Storage Volume Diacharge
to Spill

(RHD) (m) - (¥1) () (m~3/8)
301.00 =-13.07 0 75200 0]
302,00 =-12.07 800 74400 o
304.00 ~11.07 1400 73800 0
304.32 -10.07 1660 73540 o] Splllway Crest
305.00 -9.07 2200 73000 0
306.00 -8.,07 3700 71800 0
307.00 -7.07 6000 €9200 0
308.00 ~6.07 10000 65200 0
309,00 =~-5.07 16000 59200 0
310,00 -4.07 24000 51200 0
311.00 ~3.07 33000 42200 0
312.00 -2.07 44000 31200 0
313,00 -1,07 57000 18200 0
314,00 -0,07 74000 1200 o
314.07  0.00 75200 0 0 FSL
314.10 0.03 76440 0o . 25
314.20 0.13 77680 0 100
314.30 0.23 79090 0 200
314.40 0.33 80500 o 500
314.50 0.43 - 82150 0 1300
314.60 0.53 83800 0 2133
314.80 0.73 87500 0 3353
315.00 0,93 91000 0 4454

The rocession constants used in the estimation of inflow hydrographs were
adjusted to more accurately reflect observed recessions.




By 36 hours prior to the peak, the amplitude error improves considerably and the
model appears to have reached the limit of its amplitude accuracy +/- 0.6 metres.

However, the phase error still remains considerable, +/- 9 hours, even twelve
hours prior to the observed peak and users should consider modifying alpha during
an event to improve the timing error. Indications are that a 10% change in alpha
will result in a 3-6 hour change in timing of the peak at Goondiwindi.

In practice during flood events, the forecasts produced by the model are refined
by manual analysis, especially during the later stages of the flood.

6. SUMMARY & RECOMMENDATIONS

The Border Rivers URBS model has been considerably imbroved by the inclusion
of more floods in the calibration data set, the explicit modeiling of Coolmunda Dam
and the Inclusion of Oaky Creek, Beeho Creek and Campbslls Creek.

Since the review was completed, the station at Mauro has been moved to
Glenarbon and the station on Campbells Creek has been closed.

The model should give reasonable estimates of the height at Goondiwindi, typically
within 0.5 metres gauge height, but the user should be wary of the timing of the
prediction. Some sensitivity analysis on the impact of changes to alpha should be
conducted, especially in the minor to moderate floods, as well as refinement of the

predictions using manual empirical techniques,

To improve the model, it is recommended that it be converted into a rainfall runoff
model but there is probably insufficient real time rainfall available at the current
time to be useful. As an interiin measure, the model should be run with matching

at the most reliable downstream stations.




March 1982

Statlon Date of Peak Time | Peak Height | Poak Flow

. (m) {rn3/s)
Inglewood 12 March 1882 0000 5,26 140
Woodspring ’
Inglewood Welr | 13 March 1982 0146 558 180
Booba Sands
Riverton 11 March 1982 0900 4.86
Roseneath 11 March 1982 1230 4.07 660
Haystack 11 March 1982 0200 4.60 310
Bonshaw Walr 11 March 19282 0750 6.07 940
Texas 11 March 1982 1100 7.30 810
Mauro )
New Bengalla 12 March 1982 2030 9.3b 820
Ashford 11 March 1982 0910 4.62 540
Wallangra 11 March 1982 1230 6.60 590
Yetman 11 March 1982 8.90 " 980
Holdfast 12 March 1982 0045 7.62 1040
New Kltdonan
Boggabllla 13 March 1982 0200 11.16 16870
Goondjwindi 13 March 1982 0600 10.00

May 1983
Statlon Date of Peak Time | Peak Helght | Poak Flow
‘ {m) {m3/s)

Inglewood 3 May 1983 1400 9.66 740
Woodspring 3 May 1983 7.47
Inglewood Welr | 3 May 1083 1616 9,77 860
Booha Sands -
Riverton 3 May 1983 1800 6.80
Rosensath 3 May 1983 1600 4,78 700
Haystack 2 May 1983 1700 2,60 170
Bonshaw YWelr 4 May 1983 0560 6.38 700
Texas 4 May 1983 0800 6.76 690
Mauro X
New Bengalla 5 May 1983 0300 9:80 1230
Ashford
Wallangra 3 May, 1883 0800 6.26 690
Yetman 4 May 1983 0600 10.67
Holdfast 4 May 1983 0300 8.76 1640
New Klldonan
doggabllia G May 1983 0800 11.87 2490
Goondiwindi b May 1983 0600 10.40




9 2300 1650 1400 660
10 3000 . 2260 2150 1280
11 4000 3200 3300 2200
12 3000
{¢) Macintyre River
Gauge | 416008 | 416010 | 416902 | 416012 416817
Helght | Ashford | Wallangra | Yetman | Holdfast | New Klildonan
(m)
0 0 0 0. 0 0
1 12 3 25 26 20
2 82 41 100 101 60
3 212 126 160 210 120
4 428 266 226 300 200
3 650 469 320 420 300
6 880 700 460 600 380
7 1280 1040 640 840 460
8 1630 1450 © 870 1180 680
9 2200 1910 1060 1800 780
10 2900 2600 1300 6600 1160
11 1800 1400
12 2700 2100
13 6600 8000




Aprll 1990

Statlon Date of Peak Time | Peak Helght | Peak Flow

{m} [m3/s)
Inglewood 21 Aprll 1980 1130 8.80 510
Woodspring '
Inglewood Welr 27 April 18980 0760 8.68 500
Boobha Sands 22 April 1990 0300 7.81 400
Riverton 21 April 1990 2100 4.30
Roseoneath 22 Aprl 1990 0800 2,70 270
Haystack 21 April 1990 0600 2.80 100
Bonshaw Welr
Toxas
Mauro 22 Aptll 1880 0640 6.16 280
New Bengalla 23 April 1990 0000 8.02 480
Ashford 22 Apiil 1990 0300 3.91 400
Wallangra 22 Aprit 1990 0300 3.30 170
Yetman
Holdfast 22 April 1990 2100 4,60 360
tew Kildonan 23 Aprll 1990 1600 8.20 810
Boggablila 810
Goondiwindi 24 Aptll 1990 0300 7.90

January 1991

Statlon Date of Paak Time | Psak Helght | Peak Flow
. - (m) {m3/s)
Inglewood .
Woodspring 27 January 1991 2300 4,30
Inplewood Weir 28 January 1991 1700 3.40 449
Booba Sands 29 January 1991 1200 2.08 15
Riverton
Roseneath 28 January 1991 11456 1.70 100
Haystack 27 January 1991 084b 1.60 16
Bonshaw Welr
Texas .
Mauro 28 Januaty 1891 1800 3.13 110
New Bengalla 29 January 1991 0600 3.70 160
Ashford
Wallangra 28 January 1991 0600 6.60 630
Yetman 28 January 1991 1800 6.60
Holdfast
New Klldonan 29 January 1991 1800 6.80 450
Boggabiiia
"Goondiwindi 28 January 1991 2300 7.20




s

January({1) 1998

Poak Helght

‘Peak Flow

Station Date of Peak - Time
' (m) {m3/s)
Inglowoaotl 3 January 1996 1820 B.00 760
Woodspring 4 January 1996 0400 6.30 120
Inglewood Welr 3 January 1696 2030 9,66 810
Booha Sands 4 January 1996 1130 8,62 600
Riverton 4 January 1996 OQOO 7.00
Roseneath 4 January 1996 . | 0230 5.96 1020
Haystack 3 January 1986 1400 6.37 490
Bonshaw Welr 4 January 1996 1130 G.06 970
Texas 4 Jahuary 1996 1500 7.20 960
Mauro & January 1998 0730 7.70 940
New Bengalla § January 1896 1130 9.69 1250
Ashford 6 January 1996 2030 3.03 210
Wallangra 6 January 1996 1130 3.06 130
Yetman
*| Holdfast 7 January 1996 0600 3.79 280
-} New Klldonan
Boggabillla 1190
Goondiwindl 6 January 1996 0900 8.60
January(2} 1996
Statlon Date of Peak Time | Peak Holght | Peak Flow
() {ra3/s)
Inglowood 9 January 1996 2030 8.10 360
Woodspring 10 Janvary 1996 2100 6.60 . 130
Inglewood Welr | 9 January 1996 2330 8.17 500
Booha Sands 10 January 1996 1730 8,456 680
Riverton 10 January 1996 1200 6.10
Aoseneath 10 January 1996 1130 B.11 800
Haystack 9 Januvary 1896 1700 4,61 330
Bonshaw Welr | 10 January 1096 2046 ~ 5.94 840
Texas 11 January 1996 0500 7.10 820
Mauro 11 January 1996 1730 71.64 810
New Bengalla 11 Janvary 1996 1730 0,82 1310
Ashford 11 January 1996 0000 3.46 370
Wallangra 9 January 1996 1730 3.37 170
Yetman
Holdfast 10 January 1996 1446 5,65 620
New Kildonan
Boggabilla 1670
Goondiwlndi 12 January 1996 0230 8.99
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INTRODUCTION

This study has been prepared for Waggamba Shire Councll (WSC) by Cardno Lawson
Treloar (CLT) to assess the extent of flooding In the Goondiwindi Environs and the
assoclated levals of hazard resuliing from flooding for existing and future residential
development, and to asslst In floodplain risk management planning for the future growth of

the township of Gioondiwind|.

The study forms part of a package of investigalions being undertaken under the Natlonal
Disasler Risk Management Studies Programme run by the Australlan Government
Department of Transport and Regional Services, with funding from the Australian and State
Govemments, and the local authorities of Waggamba Shire Council (WSC) and

Goondiwindi Town Councll,

The overall study comprises the undertaking of airhorne laser survay, numerical flood
modelling, flood mapping and flood mitigation assessment. The study area encompasses
land within & 12 km radlus of Goondiwindi, referred to as the Gioondiwindi Environs.

The Alrtbome Laser Survey has heen underiaken under a separate comp'onent of the study
by AAM-Hatch, and the resullant survey has been a major input to this flood investigation

study.

This flood report Is one of the firsi steps in floodplain risk management planning and
provides the necessary background Information fo Identify the level of risk, possible
miligailon options and possible evacuation routes. These outputs will help WSC to plan
future development and form a basis for disaster and rescue plans for WSC, Goendiwlindi

Shire Gouncil and the Department of Emergency Services,

o Waggamba Shire Councll
! OMWOrKLATUBE51\WwiptA 1v3UE65 1 RI_V (new).doe
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2. EXISTING LEVEES AND FUTURE DEVELOPMENT

GOONDIWINDI ENVIRONS
FLOODING INVESTIGATION

The Goondiwindi Environs cover the township of GoondiwIndi and its near surroundings. I
Is situated In Queensland, adjacent to 1he New South Wales border, approximately 400 km
south west of Brisbane. The Goondiwind! Environs Is bounded by the Maclntyre River to
the south, Callandoon Creek to the west and Piggy Plggy Creek and the Welr River to the

east and horth.

The township is on the nornthern bank of the Macintyre River, which flows In a westerly
direction past the township and drains a catchment of approximately 6,900 -s¢q.km. The
Macintyre River catchment is part of the “Bordor Rlvers” drainage basin which also includes
the Welr and the Dumaresqg Rlvers. This system eventually drains into the Barwon River

before joining the Murray Darling System.

2.1 Levee System

The townshlp has experienced flooding In the past, predominantly from the Macintyre
River, and hence has had a levee protection system in place for some limo. During the
1976 flood, the leveo was overtopped by about 100mm at Klidonan Road and floodwaters
were lapping the crest of the levee system at other iocalised secllons. Subssquent to the
1976 flood the levee system was raised. Further levee. ralsing and construction also
oceurred based on recommendations Included In flooding investigations carried oul by the
Department of Local Government in 1985 and by Lawson and Treloar in 1898 and from

Information gathered following the 1996 flood.

Previous assessments have indicated that the townshlp levee is currently at a sufficient
height to exclude an AEP 1%, or 1 In 100 year flood {Lawson and Treloar, 1998). Levee
banks have 500 mm freeboard to a 1976 size flood event, which is one of the largest floods

on record at Goondlwindl.
2,2  Future Residential Development

There  is currently conslderable development pressure for urban land within the
Goondiwindi Environs area. Waggamba Shira. Councll has provided a study area for
possible future resldential development, as shown on Figure 1.1. The study area
comptises the direct northerly surroundings of the township of Goondiwindi. Some of these
areas are oulside the direct protecllon of the existing levee system or the natural banks.
Hence, part of the study area could be potentially flood prone land.
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3. PREVIOUS INVESTIGATIONS AND GUIDING PRINCIPLES

3.1 Previous Investigations

Waggamba Shire Councll {WSC) has, for over 20 years, been aclively Involved in
floodplain management in the Border Rlvers, through powers vested under the Local
Govemment Act. Councll's aim has always been to support sustainable development In an
equltable manner, without creating adverse Impacts on olher landholders and stakeholders

in the floodplain, or on the environment.

WSC was the first local government aulhority in Queensland to initiate full floodplaln
management, which commenced In 1985 with Identification of key tloodways throughout
the Shire using historical evenls and in particular, the 1984 fioods. Sinclair Knight Merz,
using broadbrush and qualitative techniques, underiook this analysis with the result
contained in ‘Border Rivers Flood Plain Management Study' {1987). The primary objeclive
of this study was the determination of a set of development guidelings for the Border Rivers

floodplain region contained within Waggamba Shire.

In early 1990 WSC took the initiative to apply one of the first fully sclentifically based
floodplain sludies In Queensland, Connell Wagner was commlssioned 1o cary out an
Hydraullc Analysis of Proposed Levee Banks In the Callandoon Creek Area of the Border
Rivers Floodplain. Thls study was conducted using state of the art RUBICON hydraulic

modeliing software.

The RUBICON model was used successfully for several years to manage floodplain
development and to effeclively preserve floodways, untll in 1997, pressures for
development beyond the Callandoon Creek area meant that the RUBICON model extent

was Insufficlent and extension was required.

In 1997, WSC applied for and recelved funding under the Nalional Land Care Program to
extend the hydraulic model to cover the Border Rivers floodplain from upstream of
Boggablila to- downstream of Mungindi. An extensive photogrammetrlc survey of the
Borders Rivers floodplaln was carried out over the hydraulic model extents,

This strvay, along with supplementary main channel survey was used by Lawson and
Treloar (L&T) to build a new, more détalled and more extensive flood model, based on the
quasi iwo-dimensional MIKE 11 modelling system, from the Danish Hydraulic Institute
(DHI). Thls hydraulic model, at the time, was at the leading edge of technology, in terms of
size. The model was completed and adopted for development assessment in late 1998,

This model was also utllised to obtain floodplain flow distributions. However, with
Improvements in technology and bacause of the avallability of a full floodplain terrain mode!
{based on the photogrammetric survey) by early 1999 and property specific ground survey,
all devslopment applicatlon assessments were being carried out by Council using full two-
dimensional local area models, as a sub-part of the full floodplain model. Flows for the
local two dimensional sub-models were obtained from the full fioodplain MIKE11 model

(Danish Hydraulic Institute {DHI), 2001},

In addition the 1998 flood showed an unexpected high water level at the Goondiwindi
Gauge. L&T was commissioned by WSC to investigate possible causes of the Increased
flood levels at the Goondiwindi Gauge as well as causes of erosion at the enlrance of
Callandoon Creek. For this investigation L&T bulld & full two dimensional MIKE 21 (Danlsh
Hydraulic Institute (DHI), 2003) Macintyre River (Boggabitla to Dingo Creek) model.

The MIKE 21 mode! showed that the 1998 MIKE 11 model had over-estimated the amount
of flow breaking out of the Macintyre River upstream of Goondiwindi and flowing north
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around Goondiwindi. Subsequently, L&T updated the MIKE 11 model to make It more
consistent with flows predicted by the more detalled MIKE 21 modet Investigation.

In 2002 a hydraulic impact assessment was undertaken by CLT on behalf of WSC and
Goondiwind! Town Council for several town levee failure scenarios. The outcomes of this
sludy were the basis for the Goondiwindi Township Disaster Risk Management report. This
report considered the risk to the existing township and environs areas of a failure of the
town levee bank system, but did not deal specifically with major river flooding constraints

beyond the existing leveed portlon of the town,

3.2 WSC Guidelines for Floodplain Management

Any new development or levee works needs to comply with Waggamba Shire council local
law no. 26 (leves banks) 2002.

Peiformance Objectives described in the logal law include:

P1-  Floodways possess adequate hydraullc capacily and contlnuﬂy to enable the
ordetly passage of flood water through the floodplaln.

P2—  Floodway systems conformn as closely, as Is reasonable, to the palural drainage
paftern.

P3~  Flood peak levels and timing are not unduly affected by the proposal.

P4—  Velocllles of flow will be minimlsed and will be of an order that will not cause’

' erosion under various land uses including cultivation.

P5—  There will not be any delrimental impact on any individual landho[der or
community infrastructure as a result of the proposal.

P86~  The risk of a proposed Levee Bank fallng and causing hazards to people or

property must be acceptable to the community

Recommended Measures that are relevant for thls sludy are as follows

M1 A continuous network of core floodways Is to be retained, including all river, creek
and waterway maln channels,

M2.1 The exit of flood water from floodways should be at rates and depths simllar to those
which would have been experienced under natural condittons and should
discharge as close as practicable to the location of natural floodways. -

M3.1  Suificient pondage will be retained on the floodplain so that the flood peak is not
slgnificantly acceleraled (fe. no significant change In flow time from Boggabilla to
Mungindi) to downstream areas or Its height increased.

M4.1  Velocifies of flood flow In floodways will not he greater than 1m/s within all land

the sublect of a Permit application.
M5.1  The increase in maximum peak water level measured at the properly boundaries

for the fand the subject of a Permlt application compared to existing and pre-
floodplain development (no levess) peak water levels is to be an absolute
maxlmuim of 200mim under a range of floods.

3.3 Fioodplain Risk Management Guiding Principles

In relation to risk management, urban comimunities in South East Queensland have
specified a requirement for 100 year flood immunity and additional freeboard for habitable
floor levels. This is also established by the Standing Commitiee in. Agricultural and
Resource Management Report No., 72, 2000, entitled ‘Floodplaln Management in Australia
Best Practice Principles and Guidelines’. Risk management Is also consldered by
Depariment of Emergency Services in their ‘Disasler Risk Management’ publication by
Zamecka and Buchanan (1999). The New South Wales Govemment Floodplaln
Management Manual (2001) is also a usefu reference, stating current best praclice in

relation {o flood management.
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In relation to emergency services, evacuation emergency planning under more severe
events beyond the 100 year flood event neads to be considered. In New South Wales, 1t is
a requirement that assessment be made of the 0.6% AEP flood event up to the probable
maximum flood in this regard. Hence, a requ:rement of this study [s to conslder such

severe and extreme events.
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4.  AIM OF THE STUDY .

The primary sludy afim has been to prepare a detailed flood study, which in turns relies
upon a detailed two-dimensfonal hydraullc model along the Macintyre River, encompassing
the existing townshlp and its protection leveo system and fulure potential growth areas

within 12 kilometres of the fown centre,
This model has been callbrated agalnst historlcal flooding events of 1976 and 1996 and
used o assess flood extenls for a number of design events. The model resulis have been

usad o assess hazard levels for exlsling and fulure development assoclated with the
flooding events, Subsequently, mitigation options have been investigated to reduce the

hazards levels.
The desired key outcomes for this investigation ara:

o Development of a new flood model of the entire Goondiwindl Environs, encompassing
the existing township and its proleclion levee system, and future potenilal growth

areas within 12 klliometres of the town centre;

s Assessment of flood inundation exlents, depths and durations of key historic evenls
(1976 and 1998) and an assessment of the appropriate event for determination of

habitable floors;
*  Provision of flood maps for selected deslgn events;

. Identification of hazards and risks assoclated with the modelled {loods;

s  Consideration of two key mitigation options;

+  Provision of a dalabase of flood information Including depths and risk, to assist
Counclt in thelr planning activities for the fulure; and

»  Assistance with emergency / evacuatlon planning,

Waggamba Shire Councll Vorsion 1 March 2007
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5. STUDY APPROACH

CLT has carried out this Investigation using a full two dlmenslonat flow modelling analysis
and the following general methodology:

* Interrogate existing models for flood Inflow hydrograph and downstream tallwater
conditions to provide boundary conditions for the new Goondiwindi Environs (GE) flood

model.
* Establish a new flood model of the GE araa uslng:

New Alrbome Laser Survey undsrtaken by AAMHatch; |
Updaied 1999 Hellbronn ptiotogrammetlric survey of the Border Rivers Floodplain;

Ground sutvey of the Goondlwindi Town Levee (July 2006); and
Below water (bathymetric) sections of the river.

+ Callbrate the GE mode! to the 1976 and 19986 historic evenis.

+ Undettake a flood frequency analysis of Goondiwindl and Boggabilla gauge information.

* Simulate the following design events:

» ‘Half of 1976’ floods (a currently used design floods);
. AEP 5%, 2% and 1% deslgn events using Boggablila gauge data;
. AEP 0.2% and 0.5% design event by extrapolating the Boggabllla gauge results;

and
. An approximate Probable Maximum Flood (PMF), assumed to be twice the

magnitude of the 1976 fioad.

* Prepare flood maps for three key deslgn flood events over the GE Area.

» Assess mitigation requirements (e.¢. levee extenslons and ralsing) including Impacts, of
two selected mitlgation options.

- 5 ' » |dantlly flood hazards,

' ' * Review previous delalled Goondiwindi levee fallure risk assessment carrled out by CLT.

» [dentify key avacuation routes, stage/times and appropriate refuge locations to assist in
l : - “emaergency planning and management.

- Waggamba Shire Councll Vatsion 1 March 2007
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6. HYDROLOGY

6.1 Historical Flood Data at Boggabilla and Goondiwindi
Gauges

As part of this study hisiorical flood Information’ was sought to gain an understanding of
previous flood history and flood patterns as well as for model callbration purposes,

The major flooding evenls In February 1976 and January 1996 were used for calibration of
the model.

Flood level and flow informalion associated with the Boggabilla and the Goondiwindi
stream gauges, with station numbers 416002 and 416201A respeclively, had previously
heen abtained as part of the Border River Floodpialn Hydraulic Analysis.

The locaflons of the Boggabllla and Geoondiwindi gauges are shown on Figure 1.1, The
Goondlwindi gauge Is located at the bridge over the Macmtyre River located at the junction

of Macintyre Strest and McLean Strest.

The Boggablila gauge Is situated approximately one kllomelre downstream of the lownship
of Boggabilla. The Boggablila gauge has been chosén as the upslream boundary of the 2D
model. The historical flood data of the Boggabllla Gauge has thersfore been ciitical In
callbraling the model and assessing design flows. It should be noted that the Gauge at
Boggabilla has undergone three signiticant changes since it was established In 1895, The
first changes were In gauge zero in 1924 and 1937. The Boggabilla Weir, completed in.
1991, rendered this gauge Ineffective due to ponding behind the weir. Hence, a new gauge
was eslabllshed in October 1991 downsiream of this welr.

6.2 Historic Events of 1976 and 1996

Flood flows assoclated with the 1978 .and 1996 Macintyre River evenis have been obtalned
from the rated stream gauging statlon at Boggabilla (Station Number 416002). :

The rated flows indicated the following:

» 1976 ovent —3241m3/s

+ 1996 event — 3308m3/s

¢ As the rated flows did not relate to the raecorded flood levels, a joint callbration using the 2D
b hydraulic model was undsrtaken to oblain a more accurate flow rating. This™ calibration
provided the following peak flow at the stream gauge for the corresponding peak gauge

. fevels. -

Table 6-1 Boggabilla Peak Dischargaes ~ Historic Events

i ' Fload Becorded Water Level {mAHD) Peak Discharge (m%s)
. 1976 221.27 2760 — v~
1996 220.99 . 2280
s Waggamba Shire Counclt Version 1 March 2007
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6.3 Design Events

The Boggabilla stream gauge has 101 years of height and rated flow records. A flood
frequency analysis based on peak annual floods and using a Log Pearson Il distribution
was undertaken with the 1976 and 1986 flood events amended in accordance with the

rating provided by the hydraulic model.

The distribution is shown In Appendix A and design event flows are presented below.

Table 6-2 Boggabilia Peak Discharges — Deslgn Events

ARI (years) AEP (%) Peak Discharge (m%/s)
2 50 ' 576
5 20 1157
10 (N ‘ 1582
20 5 . 1996
50 o 2626
100 1 1 2912 '
200 05 . 3284
500 | 0.2 ' 3754

6.4 Probable Maximum Flood (PMF)

A PMF of 6520 m%s, twice the 1976 flood magnitude, has been assumed based on
previous studies by the NSW Department of Infrastructure, Planning and Natural

Resources (DIPNR).

Nole: , .
In assessing deslgn floods detalled above, Il is. lmportant to recognise the highly complax

nature of fiooding at Goondiwindi, which can be caused by flocding In four separate stream
systems, each of which can idependenlly cause flooding. Hence, all studies of flooding to
date by both NSW and QLD authorities have recognised that it is impractical to consider all
Individual and combination events. For this reason the invesligations have been limited to
specific historic events and local gauge detlived design events. Similarly, the application of
a Probable Maximum Preclpitation (PMP) approach is considered equally impractical;

hence DIPNR’s approach to the PMF.

Waggamba Shire Counglt Version 1
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7.

HYDRAULIC MODELLING

7.1 Modelling Software

The hydraulic analysis was performed with the ald of the computer program SOBEK,
version 2.09.004 SOBEK is a hydrodynamic package developed by Dellt Hydraulics in the

Netherands. -

The model can simulate steady and unsteady hydrodynamic flow in two directions on a
rectifinear grid. 1t is based on a robust finite difference scheme able to compule both
subcritical and supercritical flow regimes.,

The SOBEK modsl is suited for simulation of dynaric hydraulic behaviour of overland flow
over initially dry land. Based on this and lts superctitical solving ablilty the SOBEK

~ modelfing systern was considered the most appropriate investigative tool, -

7.2 Model Construction

7.2.1 Model Topography

Three topographic maps have been used In the analysis. The first lopographic map has
been used for calibration of the 1976 event. 1l 'has the oniginal Macintyre River allgnment
without the Boggabilla Weir (Refer Figure 2.1). The second map. has been used for
calibration of the 1996 flood event. It incorporatas tho Boggabillta Welr and the new
assoclated river alignment (Refer Figure 2.2). The last map reflects the new aerial laser
survey topography for Goondiwind! and Its surroundings. This case has been used for the

design evenls (Refer Figure 2.3).

The rnodell topography has been discrelised into 20m square grld elements. '
The extent of the hydraulic model is shown on Figure 1.1,

7.2.2 Levee systems

tn each of the topographic maps the following three levee systems were incorporated.

Goondiwindi Levee System
The helght of the Goondiwindi Township Levee was Incorporated Into the model using the

2006 ground suivey data. :

New South Wales Levee systems . ‘
The location of levee systems in New South Wales are based on existing and approved

levees as deoscribed In the Guldelines for Macintyre River and Whalan Creek Flood Plain
Development Boggabilla (o Mungundi (Water Resources Commiston — NSW —1981),

In the SOBEK model it is assumed that no overiopping of the levee systems in New South
Wales occurs during extreme evenis up to the PMF event. However, in reallty some of the
levees in New South Wales may overtop during extreme evenis and minor overtopping
may oceur during the AEP1% event, More detailed ground survey of the top of the levee

banks will be required to detsrmine thls.

Wifh the NSW levee helghls adopted in the SOBEK model as described above, a
conservalive approach has been applied for the extreme events. Even allowing for this
assumption, for flood events up to the AEP 1% event the impact of the levee heights on

peak water ievels will be limited.
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NSW Local Levee System opposhie Goondiwindl Township

One paricular area of interest s a local levee system located opposlte Goondiwindi
Township, on the New South Wales side of ihe Macintyre River, approximately in line with
Marshall Street. This ievee forms part of a local waler distribution network and managed to
block the 1876 and 1996 Maclntyre River floods. In the SOBEK model the height of this
local levee system is sel at a conservative (high) level of RL 218.5mAHD. For a scenario
where this local levee syslem Is removed, it is estimated that peak waler levels can be
reduced by 0.03 to 0.05 metres for the PMF eveni. Such removal would have very litile
effect on fiooding of the Goondiwindi Township and the proposed works.

7.2.3 Boundary Conditions

Inflow boundaries for the historic events of 1976 and 1996 were determined as described in
Section 6,2, Design ovent discharges have been estimated using a flood frequency

analysis (Refer to Table 6.2).

Tallwater conditions In the SOBEK model were controlled by a discharge/waler level (G/H)
relationship at the downstream boundaiy of the model based on normal depth conditions.

Downstream mode] boundaries were set at a distance which will have a negligible influence
on peak water levels In thé areas of interesl, such as the study area for possible future
development and the existing levee system of the Goondiwindi Township.

7.2.4 Roughness

The spatial variation of roughness was Incorporated Into the model by assigning each grid
element an individual Manning's ‘n’ roughness value,

Model roughness {Manning's n) values were chosen based on generally accepled
roughness values for different landuses. The roughness values used are shown below in
Table 7.1. A general Mannings 'n' value of 0.05 was adopted, mostly for the grassed /

grazing floodplain areas.

Table 7-1 Typlcal Roughness Values Adopled

Land Use Manning’s 'n’ Value

Flood Plain Trees . 0.05-0.08
Flood Plain Clearsd Land 0.05
Maclntyre River 0.03

Creeks ' 0.04 -0.08

Local Ponds _ 0.025

Built up area (buildings) 0.20
Roads 0.02

7.3 Model Calibration

Calibration was undertaken using 2 historic flood events, the major event in 1976 and 1996,
as discussed in Section 6. Models have been calibrated to recorded peak flood levels.

Tables 7.2 and 7.3 compare avallable historic data and calibrated model results for the
1996.and 1976 events respectively. The 1996 and 1976 models have been calibrated to
the recorded water [evels at the Boggabifta and the Goondiwindi Gauges. Also two flood
marks were found at the Millers resldency for the 1896 evenl during the 2006 levee survey.

Waggamba Shire Councll
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These flood marks are localed on the downstream section of the model, along the
Macintyre River {Refer to Figure 1.1 for the locatlon of these additional flood marks).

Table 7-2 Calibration Summary 1996 event

Location Gauge zero | Recorded Recorded Modelled Difference
(m AHD) Depth Leval Level (m)
{m) {m AHD) (m AHD)
Qauge Boggabilla 208.48 12.513 220.99 221,01 +0.02
Gauge Goondiwind] 207.56 10.615 218.18 218.19 +0.01
Millers Flood Mark 215.73 215.70 -0.03
218.75 -0.05

For the 1976 event additional information was found n the report “Investigation of Flooding
at Goondiwindi” prepared by the Engincering & Technical Setvices Divislon for Goondiwindi
Town Council in Dacember 1985. A recorded water level at the most upstream location of
the Goondiwindi Town Levse has been used specifically for the calibratlon of the 1976
model {refer Figure 1.1 for location of 1976 Flood Mark).

Table 7-3 Callbration Summary 1976 event

Locatlon Gauge zero | Recorded Recorded Modelled | Difference
‘ (m AHD) Depth Level Level {m)
{m) (m AHD}) (m AHD)
" Gauge Boggabilila 208.48 12.8 221,27 221.27 +0.00
Gauge Goondiwind| 207.56 105 218.086 218,17 +0.M1
Upstream of - - 210.88 219.88 +0.00
Goondlwind! Levee _

It should be noted that the hydraulic model Incorporates current (as of 2006) topography
Including farming levees. Some of these levees, espocially in the floodplain area south of
Goondiwindi, may not have exlsted in 1976, impacting on flow distribution within the
floodplain. It is therefore consldered the 1976 calibration result is reasonable taking into

accoun! this uncertainty.

7.4 Design Events

Deslgn event hydraulic modelling was run using the calibrated SOBEK model in
conjunction with the calculated design discharges as discussed in sectlon 6.3.

7.5 Model Results and Figures

For the historic avents of 1996 and 1976 and for the design events the following model
results are Included in the Figure section at the end of this report:

» Peak water fevels combined with flow pattems;
¢ Peak water depth combined with flow pallerns;

+ Hazard maps (as described in following Section 7.6}
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Table 7.4 shows the flows and predicted water and gauge levels at the Goondiwindl and
the Boggabiila gauge (1996 location) for the two historic events of 1976 and 1996 and for

the design events.

Table 7-4 Predlcted Water Levels and Flows in Sobek

Event Boggabilla Gauge Goondlwindl Gauge
Flows Water Gauge Flows Water Gauge
Levals Levels Levels Levels
AEP (m%s) {(m. AHD) | (m. AHD) (m¥s) {m. AHD) | {m. AHD)
5% 1986 220.91 12,43 1310 '218.16 10.60
¢ 7. 1996* 2280 221.02 12.54 - 1380 21819 10.63
2% 2526 221,09 12.61 1430 218,21 10,65
1976** 2760 22115 *** 12.67 1430 21847 10.61
1% 2912 221.2 12.72 1500 218.24 10.68
0.5% 3284 221.3 12.82 1561 218.27 10.71
0.2% 3754 221.41 12,93 1636 218.30 10.74
PMF 5520 221.78 13.30 1857 218.41 10.85
* Based on 1996 Topography
”' Based on 1976 Topography :
rar Predicted water lovel at existing Boggabliia Gaugae localion,
7.6 Hazard maps
Provisional Hydraullc Hazard Categories — as defined In the Figure G2 {Appendix G) of
NSW Floodplaln Management Manual {2001), have been calculaled through and around
the township for the historic events of 1976 and 1998 and for each design event.
- The Provisional Hazard Categories include definitions of:
+ 'High' Hazard,
+ 'Moderate’ Hazard, and
+ 'Low' Hazard.
Areas.of high hazard indicate possible danger to personal safety as wading and evacuation
by trucks bacomes difficult. There will also be the polential {or structural damage io
buildings. Areas of low hazard indicate that able bodled adults should be able to wade
- without difficulty and evacuatlon by trucks should be possible. [n areas defined as the
fransition zone the degree of hydraulic hazard Is dependent on its landuse (NSW
Floodplain Management Manual).
Definitions of these categories can also be found In the glossary in seclion 15.
It should be noted that these definitions are appropriale for able-bodied adults only. In the
case where children, elderly or disabled persons are affected by floodwaters the hazard
categorisation of 'Low' is likely to be upgraded to 'High'.
Waggamba Shire Councli Verslon 1 March 2007
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8.

FLOOD RISKS TO BE MANAGED

In development of a floodplaln risk management plan, three speciﬂc flood risks need to be
addressed:

Existing Risk

The control of flood damage and personal danger to the exisling community and properiles
at risk (Refer to section 8.1).

Future Risk

" The contro) of flood damage and personal danger in areas yet to be developed (Refer to

section 8.2).

Continuing Risk
The control of flood damage and personal danger associated with management measures

belng overwhelmed by a larger flood than the flood used to deslgn management measures,
and / or those areas outside the "protected" area.

To address the risks a floodptain management plan should alm to achieve an appropriate
mix of measures, There are four groups of management measures,

e  Siructural flood mitigation measures (refer fo section 9);
» Land use controls (property modification measures);
» Development and building controls (property modlflcétlon measures);

» Flood emergency management measures (refer to section 10).

8.1 Existing Risk

The township is protected by a levee system. The resulls of this study show that no severe
flooding of the existing township ocsurs for events up to a 0.2% AEP event, provided that
(minor) overtopping of the feves systemn doesn't lead to erosion or a breach of this levee

system.
Severe overtopping of the Jevee system doss occur during a PMF event, in particular on

the north eastern levee banks along Brigalow Creek and on the south easlern levee banks
along the Macintyre River. Localions where overtopping occurs during the 1% and the

0.2% AEP Even are marked in Figure 1.3.
Areas of high risk within the townshlip during this PMF event are:

The area around Jablru Drive/Jacaranda Drive/George Street, partially surrounded by
- Serpentine Lagoon.

s Koloma Home for the Aged.

.. Belween Albert and Moffatt Stroets.

Refer to Figure 1.2 forthese [ocalions.
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. 8.2 Future Risk

Flgure 1.1 shows the sludy area for possible fulure development. The resulls of this flood
sludy show that the northerit and eastern side of the study area is Inundated to depths of
1.0 10 2,0 metres in the floodplaln, and locally up to 5.5 metres in Brigalow Creek.

Simllarly, the majority of this part of the study area is in the high hazard calegory for all
events.

Safe locations in the study area are located:
«  East of the airport and south of Crooked Creek;
s Around Brennan Roadl.

I_:lefer to Figure 1.3 for these safe fulure development areas.

Waggamba Shire Courcl! Verslon 1 March 2007
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9.  IMPLEMENTATION OF STRUCTURAL MEASURES

In this Iﬁvesllgation the following structural flood modiflcalion options were examinad:

«  Extension of the levee system around the airpon, to allow for tfansport by alr even
during severe flooding, when access by roads may be blocked.

! .
»  Raising the levees to prevent the township from being flooded in a 1% AEP event;
and :

) Ralsing the levees to prevent the townshlp from belng flooded in a 0.2% AEP event.

9.1 Proposed New Levee Height

Figure 1.4 shows the proposed new levee height based on the 1% AEP Peak Flood Levels
and a proposed freeboard of 300mm in relation to the existing levee heights, surveyed in
July 2006, Figure 1.4 also shows the 0.2% AEP Peak Flood Level with no freshoard.

The 0.2% flood levels are in general lower than the new proposed levee height, except for
some locations on the eastemn banks along Brigalow Creek.

9.2  Impacts of Structural Measures

The purpose of the proposed measures Is to provide a higher level of safety for the
Inhabitants within the levee protected area. ‘ '

The proposed measures will still need to comply with WSC guldetines for floodplain
management as described In section 3.2. As ¢an be seen on Figure 14.4 the increase In
peak water level in the floodplain Is well wilhin the stated 200 mm range for a 1% AEP

i event.
The highest increase in peak water levels for the 1% AEP event oceurs near the proposed

extension of the levee system around the airport, with peak water levels rising up to 140
mm on adjacent propetties east of the Gunningham Highway. ‘

] .
o ‘Raising the levee system along Brigalow Creek results in impacts of up to 40 mm. Ralsing
' the levee system alohg the Macintyre River shows no adverse Impacts for the 1% AEP

event.

Waggamba Shira Council Version 1 Marcit 2007
Page 16

| OAWorLATVS65 IWwplR bvaUS55 1 Ri_V3 (new) dot Commarcial In Confldence




GOONDIWIND! ENVIRONS ' ( | CE"'an

FLOODING INVESTIGATION
LawsonTreIaar

10. FLOOD PLANNING LEVELS

An Important aspecl! of a flocdplaln risk management study s the seleclion by Gouncil of
flood planning levels (FPLs) lo be used for risk management purposss in the floodplain fisk

management plan,

The fload planning levels used for planning control purposes is derived from a combination -
of the adopted flood level plus freeboard, as explained below.

Adopted Flood Level
Flood Planning Levels used to be based on the biggest recorded flood, which for lhe

Goondiwindi Environs was the 1976 flooding event. The Flood Sludy indicates that this
19786 flood was an event with an AEP less than 1% (refer to Seclion 6).

At this time, the 1% AEP Flood has become the most common basls for FPL's used in
Australta, particularly for residential development in urban areas. It is proposed to adopt
the 1% AEP Flood as the new basis for future flood planning levels for the Goondiwindi .
Environs. The cholce of the 1% AEP will result In a requirement for higher habitable floor

and roed levels, than for the 1976 flood.

Freeboard
The pumpose of freeboard is to caler for uncertatntuas In the eslimation of fload [evels across

the floodplain, localised hydraulic behaviour, Impacts that are related to a speclfic event,
embankment or levee seftleament, and other effecls such as climate change. In effect,
freeboard acls as a factor of safely, however, It should never be relled on to provide
protection against floods larger than the flood used to derive the FPL., Any added

protection Is a bonus, not a guarantee,

Local guldelines used by Counclis in South East Queené]and required a fresboard of 30010
500 mm,

The Queenslénd Urban Drainage Manual (Nevitte and Jones, 1995) and 'Austra[ian Rainfall
and Runoff (the Institution of Engineers, 1998) recommend 300mm freeboard.

For the Goondiwindi Environs 300mm freehoard corresponds to a large amount of
additicnal flow through the relalively large floodplain. Hence, it is considered appropriate

from a hydraulic perspective to adopt a freeboard of 30Qmim..,
10.1 ° Habitable Floor Levels Future Development

It Is recommended that habitable floor {evels for future development be set at the 1% AEP
Flood Level with an additional freeboard of 300mm.

10.2 Habitable Floor Levels and Road Levels Brennan Road

To set future habitable floor and road levels for the Brennan Reoad area two {looding
scenarlos have been investigated using the 2D SOBEK model.

External Flooding fram Macintyre River
This scenario assumes that the Brennan Road-area is inundated due to a fallure / a breach

‘of the levee system during a 1% AER flood in the Maciniyre River. Peak waler levels over
the main part of the Brennan Road area are at 214.86m AHD (Refer to figure 11.1}.

" March 2007
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Local Ralnfall Fiooding ‘
Since the Brennan Road area has no natural point of discharge, there Is potential-for
excessive pondage in the Brennan Road area during extreme rainfall events. This scenario

has bean lested with the SOBEK 2D model.

The slze of the catchment araa that contributes Is assessed at approximately 180 ha. The
extent of the catchiment area is shown in Flgure 12.1.

The probable maximum precipitation (PMP) has been delermined for a rangé of stonm
durations. A 12 hour PMP storm has been found to be crifical. This event has 0.66 m. of
rainfall, enough to pond the Brennan Road area, which then starts draining in a northeriy
direclion io a logal trihutary of Gallandoon Cresk. ‘

Peak water levels over the main pan of the flooded Brennan Road area are at 215.23m
AHD (Refer to figure 12.1). :

From the results detailed above, the extreme local rainfall burst produces higher peak flood
levels. Howsver, when freeboard conslderalions are taken Into account, there is [illle
difference betwsen the required levels for extreme logal rainfall bursts {with no freeboard)
and for Maclntyre River 1% AEP flooding events (with freeboard):

=21516 m AHD
=2156.23 m AHD

19 AEP Externa! Flood + 300 mm. freeboard
PMP peak fiood level

Hence, a minimum habiltable floor level of RL 215.2m AHD Is recommended for this area,
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11.

FLOOD EMERGENCY RESPONSE AND EVACUATION

Flood emergency management consists of:
»  Flood warning;
. Mobillsation of emergency setvices, and

+  Evaguation (if required).

This section describes flood emergency management strategios for severe flooding events
with occurrence of;

e  Overtopping of the levees, and

«  lLevee fallures.

Levee Failure scenarios are based on the previously repdned Levee Failure Study
{"Goendiwindi Townshlp Disaster Risk Management Report”, J7803/R2, February 2003,
Cardno Lawson Treloar). Afl flgures from this report can be found in the reference section

of this r_epoﬂ.
11.1 Flood Warning

The Bureau of Meteorology manage an ALERT fiood warning system for the Border Rivers,
including flooding at Goondiwindi. :

Glven the large catchment of the Macintyre River, warning times are generally more than a
day; however, once water levels reach within & metre of overtopping levees, Increased
frequency of monitoring and review of evacuation regulrements should occur.

11.1.1 . 1% AEP Event Warning Times in the Flood Plain

With the SOBEK 2D model It is assessed how long It takes for a 19 AEP design flood o fill
the floodplain, Appendix B shows flow rates and water levels at the Boggablla and

Gicondiwindi Gauges for this 1% AEP Flood Event.

Based on the rising limb of the 1976 flooding event, it is assumed that a 1% AEP Flood can
rise from a relative small flow (25 m¥s) to Its peak discharge of 2912 m¥s in a time of 48

“hours. Within those 48 hours, the entlre floodplaln of the Goondiwindi Environs ts flooded.

Refer to Appendix B1 for the exact shape of this 1% AEP fload at the Boggabilla Gauge.

The 1% AEP flood shows the following flooding process: -

s When water levels In the Macintyre River rise above AL 217.26m AHD at the
Goondiwindl Gauge, a break out of the Macinlyre to the floodplain south of
Goondiwindi is likely to ocecur. Within 12 hours aiter a flood reaching this gauge
height, this part of the floodplain could be completely inundated.

+  When water levels In the-Macintyre River rise above RL 220m AHD at the Boggabilla
Gauge, a break out of the Macintyre River to the north is gelting more likely to ocour
and evacuation of inhabitants within the flood plaln east and north of Goondiwindi will
be required. Within 24 hours after a flood reaching this gauge height, this part of the
floodplain could be completely inundated.

© Waggamba Shire Council Version 1
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Figure 8.4 shows the inundation of the floodplain in llme steps of 4 to 8 hours from the
moment the 1% AEP flood commences at Boggabilla, Prlorities should be based on

flooding tirmes, as shown in Flgure 8.4.

11.1.2 PMF Event Warning Times in the Township

Figure 5.4 shows what areas are inundated In the township in time steps of 6 to 12 hours
during a PMF event after the first overtopplng of the Jevess occurs. Most of the township is
Inundated within 12 to 18 hours after the first overtopping of the levee system occurs during

the PMF flood.
11.1.3 Levee Fallure Warning Times in the Township

~In terms of warning imes In the event of a levee bank fallure, Figure 6 in the reference
i sectlon of this report, shows broad indicative zonas of 1, 3 and 6 hour times 1o flood,

11.2  Emergency Services Mobilisation

Mobilisatlon for assistance from the SES can occur through resldents contacting the SES
or through the Queensland Pollco activating the response where emergency services are
! mobilised In accordance with the findings of this Repoit.

In case of a levee fallure, or avertopping of the levees during a severe flooding event
(PMP), the following three services are surrounded with depihs of around 0.5 melres:

—

» The Fire Brigade Station on the comer of Herbert and Bowen Streets;
*+  The Ambulance Station on the corner of Marshall and Frideswide Streets;

s  The Police Station on the corner of Herbert and Brisbane Streets.

it Is therefore Important to ensure that all three emergency services recalve priority
notification to ensure vehicles can exit the she prior to inundation.

The police statlon is Immediately adjacent to higher, flood-free tand.

1! 11.3 Evacuation

Details of evacuation are listed here In terms of:
. Priontles;

. Routes; and

) s Centres. |
.!; The need to evacuale will be identified by the SES who lssues evacuation waming
} messages. These messages will normally take the following form (SES, 1995);

! « Time of issue and titie of Authorising Officer,

‘ »  Description of the area to which the waming appiles and the fiood threat to that area,
and ‘

» Information on:

- Waggamba Shire Counclt Verslon 1 March 2007
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» Location of and route to evacuation centre,
+ Tlme by which evacuation should occur, and
+  Arrangements for those without thelr own transpont.

SES volunteers should ensure that;
+  Residents ralse furniture above the likely fiood leval;

» ' Residenls secure bulldings and vehicles. It is advisable to remove all vehicles from
properties unless sectured against movement during floods;

»  Where practical, floalable objecls are suitably secured o prevent debrls or
anvironmental Impacts- )

*  Where praciical and safe, that electrical hazards are mmimlsed by iurnlng off and
disconnecting all appliances and equlpment;

«  All evacuees reglstor at the closest/most convenlent evacuation centre, and

«  No individuals remaining within propemes are unaware of the need 1o evacuate and
the method of evacualion. .

11.3.1 Evacuation Priorities In The Floodplain

Areas that are not protected by the existing or the proposed extended levee system require
habitable flaor levels up to PMF peak water levels for all new development rather than

avacuation,
For existing properties CGouncil will need to undertake extensive floor lavel survey, hefore

the actual need for evacualion can be assessed. " Il is not practical to raise exlsting road
levels In flood prone areas. Hence for safe evacuatlon it is required to start evacuation

procedures at the early stages of flooding.
The Brennan Road area doesn't need direct evacuation, provided the levee banks don't
breach or fail, since this area Is not Inundated during the PMP event :

11.8.2  Evacuation Priorities In The Township

The cause of flooding influences the maximum avallable time to evacuate and Is therefore
of direct relevance to the priofily order to evacuate.

When the levess of the township overlop during a PMF sized flood, the list of evacuation of
residents should be based on Figure 5.4, with fime zones Indicaling the priority of

evacuation.

However, should a levae breach or fall, than the proposed order of evacuation priority is as
follows.

+ Residences within 60 metres of the levee breach Priority 1
¢  Kaloma Home forthe Aged Priority 2
. Hospllalf Priority 3
. 1 Hour time o flood zone ** Priority 4
+ 3 Hour time to flood zone ** Priority &
Waggamba Shire Counchi Version 1 Margggze()g
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s 6 Hourfime to flood zone ™ Priotity 6

* It at Risk of Fleading, due to levee lallyie
** Refer to Figure 6 In Iha Reference Secllon of this report.

it should be noted that the pattern of leves failure may change the order in which floading
oceurs. Clearly, any houses In the immediale viclnity of a leves breach must be evacuated,
because of the potentlal for high hazard should flood height reach the breach height.

Monitoring of river levels relative to breach helght is critical.

The list of evacuation priorities Is based on the age, health and llkely number of people
within a parilcular area, as well as the concentration of people within a small area {such as

a school or retirement village).

Unless additional structural measures are put i place to protect the Kaloma Home for the
Aged, bacause of its low level and proximily to the maln dralnage path from the township,
evacuallon immediately after a levee breach will need to be a priority.

11.3.3 Evacuation Routes

Figure 7 In the reference section shows critical evacuation roules, possible evacuation
refuge centres and zones feeding each centre.

Local refuges are suggested at the Golf Club, the Community Centre and around River -
Gums Drive. As fong as the levees don't breach or fail, these local refuges are safe {dry)
locations. In case of {mulliple) leves breach failures, the airport could potentially be the

only sizable area actually free from flooding.

11.3.4 Evacuation Centres

Possible locations of evacualion centres have been identified as part of the Levee Failure
Study (“Goondiwlindll Townshlp Disaster Risk Management Report’, J7803/R2, February
2003, Cardno Lawson Treloar) to assist with the identlfication process, and are shown in
Flgure 7 In the reference sectlon of this report. This figure also shows feeder zones for

each centra. :

Some locations that would otherwise be suitable for evacuation actually lle within the
floodplain. Likely areas of refuge within the floodplain or located where access may be

compromised include:
+  Goondiwindi Communily Centre,
»  Goondiwindi Golf Ciub, and

¢ High ground around River Gums Drive.

A review of the suitability of these facilities should be undertaken by the Disaster
Management Commiitee.
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11.4  Post Flood Recovery
Following a flood, a number of activities will ensue:

*  Once flood waters receds, the SES are 10 advise resldents when they may return to
thelr properties.

»  Gouncll and other relevant authorities will need to arrange for restoration or clean up
of public assets.

Following a flood it Is important to collate as much data as possible close to the event. For
example, data to be collected include:

+  Photographs/video of flooding;

+  Ralnfall:

+»  Woeather patterns;

+  Food levels;

*  Flood veloclties;

. Number of persons evacuated and location of evacuation;

« Insurance claims and damage cost estimates (separated into privale resldences,
businesses and public ulllities);

»  Effectivéness of evacuation plan, and

+  Effectiveness of flood warning systems.

" March 2007
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12.

CONCLUSIONS

This study has been prepared for Waggamba Shire Council (WSC) by Cardno Lawson
Treloar (CLT) to assess the extent of flooding In the Goondiwindt Environs and the
associated levels of hazard resulting from fiooding for existing and future residential
development, and to assist in floodplain risk management planning for the future growth of

the township of Goondiwindl.

The overall sludy comprises the undertaking of airborne laser survey, numerical flood
modelling, flood mapping and flood mitigation assessment. The study area encompasses
Jand within a 12 km radius of Goondiwindl, referred to as the Goondiwindl Environs.

This flood report is one of the first steps In floodplain risk management planning and
provides the necessary background information to identify the level of risk, possible
mitigation options and possible evacuation routes. These outpuls will help WSC lo plan
future development and form a basis for disaster and rescue plans for WSC, Goondiwindj

Shire Council and the Depariment of Emergency Services.

The hydraullc model that was bullt for fhe hydraulic flooding investigation was based on
accurate survey data and has been callbrated and validated against the recorded water
levels for the historic flooding events of 1996 and 1976 recorded, In particular for the

Boggabilla and the GoondiwIndi Gauge.

The Flood Study Indicates that the largest flood on record In the Goondiwindi Environs, the
1976 flood, was a flood event with an AEP [ess than 1%. As the flood model has baen
calibrated to ihis event and the smaller 1996 event, it Is considered results for design
events up to the 1% AEP are within acceptable confidence limits,

A flood frequenoy analysls was used to estimate deslgn flooding events ranging from 5% to -
0.2% AEP event, which have consequently been investigated with the new SOBEK 2D

model.

The model resuits have been used to assess peak water levels, peak water depths and
hazard levels for each design event. Mitigation scenarios have been investigated,
consisting of ralsing levees and oxtending the exlsting levee system around the alrport,
The hydraulic Impacis of these mifigation options have been assessed and comply with the
aflowable maximum 200mm ralse of peak water levels for a 1% AEP event.

New levee helghts and fulure flood planning levels are proposed based on the 1% AEP
evant flood levels and an additional recommendsd 800mm freeboard.

Safe fulure development areas In the study area are located sast of the airport, south of
Craoked Croek and around Brennan Road. ‘

Flood emergency management strategles have been described based on the modoel
results, and have been compared lo the previously undertaken Levee Fallure Study
("Goondiwindi Township Disaster Risk Management Report’, J7803/R2, February 2003,

Cardno Lawson Treloar).

Fulure studies and work by Gouncil will utilise the findings of this investigation 1o refine
future planning for growth in the Goondiwindi Environs, and fo refine emergency flood
management procedures for the town and surrounding area.
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14.

LIMITATIONS AND QUALIFICATIONS

This report has been prepared by CLT specifically for WSC and specifically to provide
advice on the flooding characteristics of the Macintyre River at the Goondiwind| Environs.

Our analysis and overall approach has been specifically catered for the panicular
requirements of WSC, and may not be applicable beyond this scope. For this reason any
other third parties are not authorised to ulllise this report without further input and advice

from CLT.

CLT has relied on the following sludies and information prepared by others:

s 3D temain Informatlon and survey provided by AAMHaich,

e - 3D ground survey data of the existing leves system (July 2006) provided by SMK
Consultants Ply Lid. '

Limited historic flood levels and flows at the Deparment of Infrastructure, Planning &
Natural Resources (DIPNR) Boggabilla stream gauge and at the Department of Natural
Resources and Minas (DNRM) Goondlwindi stream gauge.

Photogrammetry carried out for the Border Rivers Floodplain Hydraulic Analysis (BRFHA)
Study. ' ‘ .

The accuracy of the report Is dependent on the accuracy of this information.

Fulure cbserved flood fevels may vary from the predicted levels in this report depending on
the characteristics of the catchments, rainfall, channels and floodplain,

In particular cautlon Is required in use of events larger than the 1976 flood, since no historic
data exists for such events. The nomlnal PMF event used in thls study is based on the
NSW Department of Infrasiructure, Ptanning and Natural Resources (DIPNR) approach.
This approach has been applied to previous studles, but Is not based on PMP analysls,
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15, GLOSSARY OF TERMS*

Annual Exceedencge
Probability (AEP)

Australian Height Datum
{AHD)

Cadastre, cadastral base

Catchment

Design flood

Development

Discharge

Flash tiooding

Flood

Filood fringe area

Refers to the probabilily or risk of a flood of a
given slize occurring or being exceeded in any
given year. A 90% AEP flood has a high
probabllity of occuring or being exceeded; It
would occur quite often and would be relatively
small, A 1%AEP flood has a low probability of
occurrence or belng exceeded; it would be fairly
rare but It would be relatlvely large.

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

Information In map or digital form showing the
extent and usage of land, including streets, |ot
boundaries, water courses elc. -

The area draining to a site. It always relates to a
particular location and may Include tha
catchiments of tributary streams as well as the
main stream,

A significant event to be considered In the design
process; various works within the floodplain may
have different deslgn events. e.g. soms roads
may be designed to be overtopped in the 1in 1
year or 100%AEP tlood event.

The erection of a buiiding or the carrying out of
work; or the use of land or of a building or work;
or the subdivision of land.

The rate of flow of water measured In tenns of
volume over time. it is to be distinguished from
the speed or velocity of flow, which Is a measure
of how fast the water Is moving rather than how
much Is moving.

Flooding which Is sudden and often unexpected
hecause It is caused by sudden local heavy
rainfall or ralnfall in another area. Often defined
as flooding which occurs within 6 hours of the
rain which causes [t.

Relatively high stream flow which overtops the
natural or afificlal banks in any parn of a stream,
river, estuary, lake or dam, and/or overtand
runoff before entering a watercourse and/or
coastal undation resuliing from super elevated
sea levals and/or waves overlopping coaslline
defences.

The remaining area of flood-prone land after
floodway and flood storage areas have been

defined.
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Fiood hazard

Flood-prone land

Floodplain

Floodplain management
measures

Floodplain management
options

Fiood planning levels
(FPL)- ’

Flood storages

Fioodways

Potentlal risk to life and limb caused by flooding.

Land susceptible to Inundation by the probable
maximum flood (PMF) event, l.e. The maximum
extent of flood liable land. Floodpiain Risk
Management Plans encompass all flood-prone
Jand, rather than belng restricted to land subject
to designated flood events, '

Area cof.land which is subject to inundation by
floods up to the probable maximum flood event,
l.e. flood prone land.

The full range of techniques available fo
floodplain managers.

The measures which mlght be feaslble for the
management of a paiticular area. '

Flood levels selected for planning purposes, as
determined in floodplain management studies
and incorporated in floodplaln management
plans.  Selection should be based on an
understanding of the full range of flood behaviour
and the assoclated flood risk. It should also take

- Into account the social, economic and ecologlcal

consequences associated with floods of different
severlty's. Different FPLs may be approptiate for
different categories of land use and for different
flood plains. The concept of FPLs supersedes
the "Standard flood event” of the first edllion of
the Manual. As FPLs do not necessatlly extend
fo the limits of flood prone land (as defined by
the probable maximum flood), floodplaln
management plans may apply to fiood prone
land bayond the defined FPLs.

Those panrts of the floodplain that are impoitant
for the temporary storage of floodwaters during
the passage of a flood.

Those areas of the floodplain where a signlficant
discharge of water occurs duting floods. They
are often, but not aiways, alfighed with halurally
defined channels. Floodways are areas which,
even If only partially blocked, would cause a
signiffcant redistribution of flood fiow, or
significant Increase in flood levels. Floodways

-are often, but not necessarily, areas of deeper

flow or areas where higher velogitles occur. As
for flood storage areas, the extent and behaviour
of floodways may change with flood severity.
Areas that are bentgn for small floods may cater
for much greater and more hazardous flows
during larger floods, Hence, It is necessary to
invesligate a range of flood sizes hefore adopling
a design flood event to define floodway areas.
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Mathematleal/ocomputer

models

Maoderate hazard

Peak discharge

Prohable Maximum
Floaod (PMF)

Probable Maxitmum
Preclpltation (PMP)

Probability

Risk - .

Runoff

Stage

Stage hydrograph

Stormwater flooding

Topography '

The malhemallcal representation of the physical
processes involved In runoff and stream flow.
These models are often run on computers due to
the complexity of the mathematical rslationships.
In this reponrt, the models referred to are malnly
involved with rainfall, runoff, pipe and overland
stream flow.

A transilion zone between low and high hazard.
The dregres of hazard Is dependant on site
condittons and the nalure of the proposed
developmant.

The maximum discharge occurting dunng a flood
event,

The flood calculated to be the maximum that Is
likely to oceur.

The greatest depth of precipitation for a given
duration meteorologlcally possible for a given
slze storm at a particular location at a particular
fime of year.

A statistlcal measure of the expedcied frequency
or occutrence of flooding. For a fuller
explanalion see Annual Exceedence Probability.

Chance of something happening that will have
an impact. It is measured In terms of
consequences and llksllhood. For this study, it Is
the likellhood of consequences arising from the
interaction of fioods, communliles and the
environment,

The amount of rainfall that actually ends up as
stream or pipe flow, also known as rainfall

©XCa8ss.

Equivalent to 'water level'. Both are measured
with reference to a speclfled datum.

A graph that shows how the water level changas
with time. It must be referenced to a padicular

loeation and datum.

Inundation by local runoff. Stormwater flooding
can be caused by local runoff exceeding the
capaclty of an urban stormwater drainage
system or by the backwater effecls of
mainstream flooding causing the urban
stormwater dralnage system to overflow.

A surface which defines the ground level of a
chosen area.
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