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1 INTRODUCTION

The Goulburn Broken CMAIn association with Murrindindi Shire,hasundertaken the hydraulic
modelling of flood flowsalongKing Parrot Creek through the townships of Hazeldene and
Flowerdale. This hydraulic modelling is a component of the &lerdale Flood Mapping Project.
The Flowerdale Flood Mapping Project was initiated to improvéood intelligence andthe
resilience of the local community to natural disasters.

Goulburn Broken CMAhasprepared this report to outline the methodologyused to model the
hydraulics of King Parrot Creelkand summarise the results of flood mapping

1.1 OBJECTIVES
The objectives of the study were to reduce the impact of natural disasters on the local
community by:

1. Reviewing the estimate of the 108year average recurrere interval (ARI) flow.

2. Establishing a hydraulic model and mapping the 10§ear flood extent and preparing
flood level contours.

3. Reuvising the floodway and land subject to inundation overlayfr the Murrindindi
Planning Scheme to improve the planning of tal use and development.

1.2 BACKGROUND

1.2.1  Description

The reach ofKing Parrot Creekupstream of Flowerdale isrelatively entrenched. Hence the 20
year ARI flood is confined to the channel through many areas. However, King Parrot Creek is a
partially confined stream set in a narrow valley. Hence, when floodwaters do spill from the
creekchannelit is regularly across access routes or through residential property.

The source of flooding through Flowerdale and Hazeldene is primarily from King Parrot Creek
and Silver Creek. The Flowerdale gauge (Station Number 4052313s recorded a relatively
short history of flood behaviour from May 1961 (Thiess Services, 1992 The gauge is
approximately 250-metres upstream of the Hazeldene Store.

The largestrecorded flood at the Flowerdale gaugés June 1989wvhen a flow of 9,940 ML/dwas
measured at the gaugeThis flow was subsequently described aa 57-year ARI flood(Thiess
Services, 1999. The 1989 eventis the only flood for which high water marks have been
recorded.

1.2.2 Flowerdale Flood Mapping Project

The Flowerdale Flood Mapping Projectvas funded under the 2010 Victorian Flood Studies
Program with contributions from Murrindindi Shire Council and the Goulburn Broken CMA.
The project consistedof the following five primary components, undertaken by the parties
shown. This report deals with thefourth of thesefive components.

1. Hydrologic study (Water TechnologyPty. Ltd)

2. Survey of the creek (Think SpatiaPty. Ltd)
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3. LiDAR digital elevation model (Department of Sustainability and Bsironment)
4. Flood intelligence and mapping Goulburn Broken CMA)
5. Planning scheme amendment (consultant to be appointed)

1.2.3  Hydraulic modelling

The hydraulics of flood flow along King Parrot Creek was initially modelled using the one
dimensional water surface pofile model HECRAS (version 4.1.0). During the finalisation of the
model geometry and calibration it was noted thathe assumptions required to build the
HECRASnodel were unlikely to accurately reflectcomplex interactions between floodplain flow
and in-channel flow, particularly around areas such as Forest Road.

To address some of the complexity of flow along King Parrot Creek a tlanensional hydraulic
model was developed in TUFLOW (build 201:P5-AD).

2 FLOOD MAPPING AREA

The scope of theFlowerdale Flood Mapping Projectis to map flooding across the area shown in
Figure 3-1. The extent of the study is King Parrot Creek from south of Silver Creek Road
Hazeldene (2521 WhittleseaYea Road) to the northern side of Flowerdale (2988 Bealford-
Flowerdale Road). This represents 11kilometres of the creek valley and an approximate 1-3
kilometre length of the channel of King Parrot Creek.

3 HYDROLOGY OKING PARROTCREEK

The flows used for the calibration of the hydraulic model were based on the unsteady state
hydrographs developedfrom a calibrated hydrologic model (RORBYy Russell and LeCerf
(2012). Hydrographs were input into the hydraulic model at ten locations along the adelling
reach to replicate the inflows from the primary subcatchments determined by Water
Technology Figure 3-2).

The design flows for the 20, 50 and100-year ARI event along King Parrot Creek @ve also
adopted from Russell and Le&f (2012). An eventwas also modelledo account for some of the
potential impacts of climate change by adding 10% to the flowRussell and LeCerfpecify for
the 100-year ARI flood. Again, these inflows were modelled as unsteady state flows from ten
tributar y inflow sites (including King Parrot Creek upstream of the hydraulic model).
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Figure 3-1 The reach of King Parrot Creek that is to be mapped for flooding.
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Catchment Outlet

Legend

= ; val 30-09-2010
King Parrot Creek ®: e a“: e © Copyright 2010
(*! Subarea inflow . igh .
RORB Model Structure Egr;:m il M . %i =
— e WATER TECHNOLOGY
Figure 3-2 Sub-catchment areas used in the RORB model (extract from Russell and

LeCerf, 2012).
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3.1 CATCHMENT UPSTREAM OBILVER CREEKROAD

There is a catchment of 0.82 kathat spills into the valley of King Parrot Creek upstream and
south of Silver Creek Road, as shown Figure 3-4 (part of sub-catchment area Z irFigure 3-2).
To reach King Parrot Creek this stgatchment flowsthrough residential areas, inpart through
a stormwater system. The flows and the capacity of the stormwater pipes influence flooding
through the local residential area.

To address the local flooding issues south of Silver Creek Road-dithensional compnent was
added to the 2D hydraulic model. The 1D modelling included the two 600mm diameter
stormwater pipes under the WittleseaYea Road, the 300mm pipe under the service road and
the 600mm pipe under the service road that outfalls into King Parrot Cregffigure 3-3).

300mm

stormwater stormwater

pipe . R pipes

Figure 3-3 Aerial imagery showing the four stormwater pipes to the south west of
Silver Creek Road included in the 1-dimensional hydraulic model.

The flows from the catchment were based on the results of Russell and Le G@G12) and a
rational method assessment of the 10§ear ARI flood for this local catchment. The intensity of
rainfall for various recurrence interval events was estimated using the Bureau of Meteorology
online Intensity-Frequency-Duration (IFD) tool, found at:
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http://www.bom.gov.au/water/designRainfalls/ifd/index.shtml

The tributary of King Parrot Creek in question is located at easting 348,000 and northing
5,861,000 (MGA94, Zon&5). These coordinates were input to the BoM IFD tool to produce the
outputs shown in Figure 3-5 and Figure 3-6.

Based on the area of the catchment, the time of concentration can be calculated from the
formulad 18 @ 6 8 (Pilgram and Doran, 1998. This formula gives a time of concenttan
of 42 minutes.

The design runoff coefficient in the 10/ear ARI event is estimated to be 0.1(Figure 5.3b,
Pilgram and Doran, 1998. This runoff coefficient, the rainfall intensities shown and the
catchment area are sufficient to calculate the design flows for the catchment using the Rational
Method (Table 3-1).

The regression equation for rural catchmentslong the Victaian Great Dividing Rangeld g

& 2 06 8 | gives & estimated100-year flow of 4m3/ sec The results from the Rational

Method analysis are substantially lower than the regression equation indicateJ éble 3-1).

This is largelydue to the low runoff coefficient indicated by Australian Rainfall and Runoff for
this region. Given the poor resolution of the mapping of runoff coefficients in AR&R the runoff
estimate given by the Rational Method is considered unreliable. The unsteafityws for this
sub-catchment provided by Russell and Le Cef2012) are higher than the Rational Method and
regression equation estimates and are therefore adopted for the design event for the catchment
south of Silver Creek Road.

The catchment area south of 8ier Creek RoadFigure3-4Q EO 111U t¢b T £ AAOAEI

RORB model Figure 3-2q 8 # AOAEI AT O O: 6 Ai i DPOEOAO 1T OEAO Oi A
Creek further upstream. As the hydrology is likely tte similar for these small streams, the flow

into the TUFLOW model south of Silver Creek Road was reduced to 42% of the flow for

AAOAEI AT O O: 6 &O1T1 OEA 272" 11AAI 8 4EA OAI AET EI
brought into the TUFLOW model close twhere the other tributaries enter King Parrot Creek, at

the upstream boundary of the model.
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Figure 3-4 Catchment area of the tributary of King Parrot Creek south of Silver
Creek Road.
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Figure 3-5 IFD chart for the tributary of King Parrot Creek south of Silver Creek
Road.
Intensity-Frequency-Duration Table
Location: 37.3758 145.275E lIssued: 1/11/2012
Rainfall intensity in mm/h for various durations and Average Recurrence Interval
Average Recurrence Interval
Duration 1YEAR | 2YEARS | 5YEARS 10 YEARS 20 YEARS 50 YEARS | 100 YEARS
SMins 50.4 66.8 906 107 128 158 183
&Mins 47 1 62.5 848 096 119 147 170
10Mins 383 507 68 4 801 957 118 136
20Mins 276 364 485 56.5 672 g22 94 4
30Mins 223 293 388 451 53.5 652 74.8
1Hr 15.1 19.7 259 209 353 427 48.8
2Hrs 101 131 17.0 19.4 22.8 273 N0
3Hrs 7.98 10.3 13.2 15.0 17.5 209 237
BHrs 534 6.87 862 9.71 112 13.3 14.9
12Hrs 3.54 452 562 6.30 7.24 8.52 0.52
24Hrs 228 297 3.64 4.09 470 5.54 621
48Hrs 1.39 1.80 229 259 3.00 3.57 4.03
72Hrs 1.02 1.33 169 193 2.24 268 3.03

(Raw data: 20.04, 452, 1.35 39.98, 8.04, 2.53, skew=0 30, F2=4.3, F50=15.02)

Figu

re 3-6

IFD table for the tributary of King Parrot Creek south of Silver Cre

Road.

@ Australian Government, Bureau of Meteorology

ek
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Site: Catchment to the south of Silver Creek Road

Parameter Units | Symbol Value Notes
Area of catchrment krn® ) 0.82 Calculate from topographical map
Funoff coefficient for AR 10 years 2 Ch 0.0 Frorn Figure 5.3b, Yol. 2, page 107
Design rainfall duration as the time of concentration hours k. 0.70 [0.76™&rea to the power of 0.38]
Murnber of minutes minutes t, 4229
F2) inne e Folfesdng Desian Rainfall Paramelers Deterrning frorn VYolurme 2, pages 45 - 50
Frequency Factor for 1 year event FF, 0.60 Frorn Table 5.4, Yol 1, page 103
Frequency Factar For 2 year event FF, 0.75 From Table 5.4, Yal. 1. page 103
Frequency Factar for & pear event FFs 0.50 Frorn Table 5.4, Yol 1, page 103
Freguency Factor for 10 year event FF 100 From Table 5.4, Yol 1, page 103
Frequency Factar for 20 year event FFay 110 Frorn Table 5.4, Yol. 1, page 103
Frequency Factaor for B0 year event FFsy 120 Frorn Table 5.4, Yol 1, page 103
Frequency Factor far 100 year event FFioa 130 Frorm Table 5.4, Yol. 1. pags 103
Funoff coefficient for 1 year event c, 0.08 Funoff coefficient x Frequency Factor
Funcff coefficient for 2 year svent C. 0.08 Funoff coefficient x Frequency Factor
Funoff coefficient for 5 year svent Cs 0.09 Runoff coefficient x Frequency Factor
Funaff coefficient for 10 wear event Cio o1 Funoff coefficient x Frequency Factor
Funoff coefficient for 200 year event Caa 0.1 Runoff coefficient x Frequency Factor
Funoff coefficient for 50 year event Co 012 Funoff coefficient x Frequency Factor
Runoff coefficient For 100 year event [ 013 Funaff cosfficient = Frequency Factar
i fefe Tabfie Iz
Rairfall Intensity for design rainfall duration [Cell D5, 1 year event ik l.. 1652 Deerived from IFD Table and Table 1[a)
RainFall Intensity for design rainfall duration [Cell D5], 2 vear event rrrrth l.. 2165 Drerived From IFD Table and Table 1(a)
Rairfall Intensity for design rainfall duration [Cell D5), § year event itk l,. 2853 Derived from IFD Table and Table 1a)
Rairfall Intensity for design rainfall duration [Cell D5, 10 year event itk l,. 33.00 Dierived from IFD Table and Table 1a)
Rairfall Intensiby For design rainfall duration [Cell D5), 20 year event ik .. 3899 Cierived From IFD Table and Table 1a)
Rairfall Intensity for design rainfall duration [Cell D5), 50 year event ik l,. 4725 Derived from IFD Table and Table 1a)
Fairfall Intensity for design rainfall duration [Cell DS, 100 year event mmih .. 5405 Dierived from IFD Table and Table 1a)
Design Dizcharge for 1 pear event mits [wh 0.23
Dezign Dizcharge for 2 year event mits O, 0.37
Design Dizcharge for 5 year event mits O 0.59
Design Discharge for 10 vear event mis Dy 075
Design Discharge for 20 wear event mits Oy 0.98
Dezign Discharge for 50 year event mits (= 129
Design Discharge for 100 year event mis Oy 160
Table 1a) - Rainfall Intensity [rmdh)
Enter from IFD Table
RAINFALL INTENSITY (mm/h)
1Y¥ear | 2 Year | 5 Year |10 Year| 20 Year | 50 Year | 100 Year
hrimin
&0 151 13.7 25.9 295 35.3 427 48.8
120 0.1 131 17 19.4 228 27.3 N
42.29| 6576025 21648353 28.527324| 32999652 38.990062| 47.246156| 54.05464779
Table 3-1 Spreadsheet for the calculation of design discharge for the catchment

south of Silver Creek Road.
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4 HYDRAULIC MODEL DEVBEPMENT

4.1 RANGE OF DESIGN FLOGD

The hydraulic model developed in TUFLOW was run for the series of design floods developed by
Russell and LeCerf2012), the 20year, 50year and 100year ARI events. The historic flood in
1989 was also used for calibration and another flood, created by addii®% to the 100-year

ARI flows, was simulated to indicate a level of impact from climate change.

4.2 GEOMETRY
The hydraulic model used the following inputs:

9 LiDAR collected in 2010 with & average points spacing of 7.30/m and eertical
accuracy of +£ 0.10m onbare earth (68% confidence)that was processed into a
1m DTM.

1 Level and feature surveyconducted in Marchand April of 2010 by Thinkspatial Pty. Ltd.
This data was used in the TUFLOW model to:

o Define the bed of King Parrot Creek below the water surface.

o Define the geometry of the bridges and the bridge approacheagproaches have
beenremoved from the bare earth LIDAR).

o Define the high point on a number of road centrelines that are transverse to the
flood flow.

1 Additional measurements takenat bridge sitesby Guy Tierney and Dean Judaf the
Goulburn Broken CMA in 2011.

9 The location and diameter of stormwater pipes and culverts west of Silver Creek Road
measured by Guy Tierney in 2011.

4.3 HYDRAULICBOUNDARY CONDITIONS

The downstream hydraulic control for the nodel was setbased on a normal depth. The uniform
hydraulic grade for this normal depth assumption was calculated from thgeneral gradient of
the floodplain of King Parrot Creekat the downstream end of the modelBased on the LiDAR
the gradientof the floodplain was found to beapproximately 7 m/km .

4.4 BRIDGES

The bridges crossing King Parrot Creek, seven in total, were represented in TUFLOW using
layered flow constrictions with the variables shown inTable4-2. These variables were derived
from both the level and featuresurvey and frominspections and measurements by the
Goulburn Broken CMA
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4.4.1 Drop in water level across bridge structures

Thedrop in water level across bridge structures was reviewed by placing timseries output
points in the TUFLOW model on the upstream and downstream sides of each bridge. The
maximum recorded difference between these water levels is shown ifable 4-1.

The drop in water level inTable4-1 includes both the afflux due to the bridge and the drop in
the water surface due to the hydraulic slope along the stream.

Table 4-1 Drop in water level calculated at each of the bridges using TUFLOW.

Bridge Maximum drop in water
level recorded (m)

Silver Creek Road 0.66
Forest Road 1.38
Bridge 140m downstream 0.27

of Riverside Crescent

Bridge 500m downstream 0.84
of Riverside Crescent

Hazeldene store 0.20
Walking track 0.61
-1 T OABO0 " OEA( 0.23

The bridges andthe associateddrop in water levelin Table4-1 fall into the following three
categories:

1. The calibration event (1989 flood) does not reach thenderside of the bridge (bridge
downstream of Riverside Crescent).

2. The calibration event inundates the soffit but thedrop in water levelis little more than
what can be attributed to the general slope on the water surface through the reach
(HazeldenestoA AT A -11T OA60O " OEACA(QS

3. The bridge is a substantial flow constriction and there ign associatecafflux during the
calibration event (Silver Creek Road, Forest Road, Happy Valley 2 and the Walking track
bridge).
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Table 4-2 Variables used for TUFLOW computations at each of the bridges over King Parrot Creek.

Bridge Span Width of Soffit of Percent Loss Depth of Percent Loss Height of | Percent Loss
between bridge the blocked coefficient | deck (m) blockage | coefficient | railing blockage | coefficient
abutments | (m) bridge by piers for piers by deck for deck (m) by railing | for rails
(m) (m, AHD)

Silver 14.82 4.00 283.18 5% 0.15 0.96 100% 0.5 0.70 25% 05

Creek

Road

Forest 7.75 4.10 276.60 2% 0.05 0.975 90% 0.5 0.73 45% 0.5

Road

140md/s | 22.80 5.20 275.00 0% 0.00 0.45 85% 0.2 0.99 20% 0.2

Riverside

Cr

500m d/s | 19.50 3.41 270.80 5% 0.15 1.08 90% 0.5 0.87 35% 0.4

Riverside

Cres

Hazeldene| 31.20 5.82 259.60 5% 0.08 0.98 95% 0.5 1.20 50% 0.6

store

Walking 21.76 3.00 252.65 0% 0.00 0.81 100% 0.4 1.31 25% 0.4

track

-1 1T OA|27.20 4.07 245.09 5% 0.17 1.03 90% 0.5 1.10 20% 0.4

Bridge
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4.4.2  Cross-check bridges against HECRAS results

A HECRAS model of King Parrot Creek was creafedthe initial 1-dimensional hydraulic
modelling for this flood study (Section1.2.3). The model was calibrated to the flood levels
recorded for the 1989 event. However, unlike the TUFLOW mod#ie HECRAS model was run
as a steady state model.

The steady state HECRAS model of King Parrot Creek was used to check the modelling of bridges
in TUFLOW.For the bridges along King Parrot Creek the default high flow method in HECRAS of
using the energy balance was changed, given a number of the bridges are overtopped, so that
high flows were calculated using pressure and weir flow.

The geometry d the bridges in HECRAS was based on the survey undertaken in March and April
of 2010 (Beveridge and McGregor, 2010 The flow constriction caused by each of the bridges
and the associated ineffectiveléw widths used inthe bridge modelling aredetailed in Table 4-3.

The variables inTable 4-4 were then used to calculate the bridge expansion reach length (Le), as
shown in Table 4-4.

The characteristics of King Parrot Creek were then used to derive the bridge contraction length
(Lc), as shown inTable 4-5.

Table 4-3 Calculation of ineffective flow widths at each bridg e.
Bridge Abutment Upstream Downstream Low chord | Min. high Average of
stations ineffective ineffective chord (u/s | chord
stations stations ineffective | elevations
area) (d/s
Left Right Left Right | Left Right ineffective
depth)
-1 17 OAB| -20m | +15m -26m | +21m | 20m 15m 245.39m 246.07m 245.73m
Bridge
Walking -14m | +11m -19m | +16m | -14m | +11m 252.42m 253.42m 252.92m
track

Hazeldene | -16m +19m -21m +24m | -16m +19m 259.49m 260.46m 259.98m
Store

500m d/s -9m +10.5m | -14m +15.5 | -9m +10.5m | 270.79m 271.84m 271.32m
Riverside
Cres

140m d/s -20m | +14m -29m | +23m | -20m | +14m 274.99m 275.46m 275.23m
Riverside
Cr

Forest -3.3m | +3.4m -14m +14m | -3.3m | +3.4m 276.6m 277.5m 277.05m
Road

Silver -7.5 10m -11m 13m -7.5m | 10m 283.2m 284.14m 283.67m
Creek Road
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Table 4-4 Variables to determine the bridge expansion reach length (Le).

Bridge Ratio of bridge Channel Ratio of Bridge Bridge expansion
opening width to slope overbank expansion reach length (Le)
total floodplain (ft/mile) roughness to ratio (ER)
width (b/B) channel

roughness

-1 17 OA| 38/403 =0.09 26 0.8 1.6 182.5x 1.6 =292m

Bridge

Walking 25/158 = 0.16 26 0.8 1.7 66.5x 1.7 =113m

track

Hazeldene| 35/55 = 0.64 26 0.8 1.65 10x1.65=17m

store

500m d/s | 19.5/82.5=0.24 26 0.8 1.75 31.5x1.75=55m

Riverside

Cres

140md/s | 34/260 =0.13 26 0.8 1.6 113 x 1.6 =181m

Riverside

Cr

Forest 7.7/190 = 0.04 26 0.8 1.6 91 x 1.6 =146m

Road

Silver 14.8/140=0.11 26 0.8 1.6 62 x 1.6 = 99m

Creek

Road

Table 4-5 Variables to determine the bridge contraction reach length (Lc).

Bridge Channel Ratio of overbank Bridge Bridge contraction reach
slope roughness to channel contraction length (Lc)
(ft/mile) roughness ratio (CR)

-11 OA|26 0.8 1.45 182.5 x 1.45 = 265m

Bridge

Walking 26 0.8 1.45 66.5 x 1.45 = 96m

track

Hazeldene| 26 0.8 1.45 10 x 1.45=15m

store

500md/s | 26 0.8 1.45 31.5x1.45=46m

Riverside

Cres
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Bridge Channel Ratio of overbank Bridge Bridge contraction reach
slope roughness to channel contraction length (Lc)
(ft/mile) roughness ratio (CR)

140md/is | 26 0.8 1.45 113 x 1.45=164m

Riverside

Cr

Forest 26 0.8 1.45 91 x1.45=132m

Road

Silver 26 0.8 1.45 62 x 1.45 =90m

Creek

Road

Table 4-6 shows the drop in water level at each of the bridges calculated via thdECRAS
modelling and compares each result to the TUFLOW modelling resulfBable 4-1).

Table 4-6 Drop in water level calculated at each of the bridges in HECRASand a
comparison with the TUFLOW results .

Bridge Maximum drop in Maximum drop in Difference between
water level recorded in | water level recorded drop in water level in
HECRAS (m) in TUFLOW (m) TUFLOW and

HECRAS (m)

Silver Creek Road 0.4 0.66 0.26

Forest Road 1.0 1.38 0.38

140m d/s Riverside Cr 0.16 0.27 0.11

500m d/s Riverside 0.4 0.84 0.44

Cres

Hazeldene store 0.37 0.20 -0.17

Walking track 0.4 0.61 0.21

-1 TOABO " OE 0.37 0.23 -0.14

Thedrops in water level calculatedoy HECRASTable 4-6) are lower at five out of the seven
bridges than thewater level drop from TUFLOW The four bridges with the largest difference in
the resultsfrom TUFLOW and HECRAS all had a hightrop in water levelin the TUFLOW
model. These four bridges were also the onlyridges with water flowing over the deck. Each of
thesefour bridges also have guard railing and/or pedestrian railing on the deckThe 2D flow
constrictions usedin TUFLOWto model the bridgesincluded hydraulic losses and blockage
ratios for flows over the decko take account of the influence of railings HECR/A does not take
account of head losses and blockage ratios for road furniture above the bridge de¢kence the
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influence of railings provides at least part of the explanation for the highewater level drop
generated by TUFLOWhodelling at the four bridges where the two modelling methods
generate the greatest difference in modelling results

Overall, it is considered that the TUFLOW and HECRAS results are in reasonable agreegment
with TUFLOW mostly giving more conservative results.

5 CALIBRATION

51 HYDRAULIC ®DUGHNESS

The roughness values used in the hydraulic model are shownTrable5-1. Roughness values
were set based on those commonly referenced in the literature and, for King Parrot Creek,
determined from the calibration process(Section5.2).

Table 5-1 Roughness values used in the TUFLOW model.
Materials layer Mannings n roughness
timbered areas 0.080
residential 0.200
roads 0.022
creek 0.065
pasture 0.060

52 CALIBRATION PROCESS

The hydraulic model was calibrated tchigh water marks measured after the 1989 flood RWC,
1990). During the 1989 flood the peak flow recorded at the Flowerdale gauge (Site Code
405231) was 9930 ML/day or 115 n#/ sec(Russell and LeCerf, 2012 The Flowerdale gage is
255-metres upstream of the bridge at HazeldeneFourteen of thehigh water marksrecorded by
the Rural Water Commission(1990) are within the geographic extentof the two-dimensional
hydraulic model developed for this project(Figure 3-1).

The calibration of a onedimensional hydraulic modelin HECRAS indicated a channel roughness
of 0.080j - AT T B Wwa&s&udable As the two-dimensional model takes better account of the
contraction and expansion losses that occur on a high energy stream with abrupt changes in
direction, and thegeometry o the 2Dmodel provides much better resolution of the variation in
channel geometry, the roughness required to calibrate the TUFLOW hydraulic model was
substantially lower than that used for HECRAS&t 0.065.

One of the calibration points was the gauge55-metres upstream of Hazeldene; known as King
Parrot Creek @ Flowerdale, Site Code 405231. The location of the gauge was confirmed from
the Victorian Water Resources Data Warehouse as longitude 145.28804, latitu$5.34656.
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The high water marks surveyed fom the 1989 flood and the corresponding water levels
modelled in TUFLOW are shown iffable 5-2 and Figure 5-1. The high water marks were
surveyed in September 1989, 3nonths after the flood in June.

Table 5-2 Results of the calibration of the hydraulic model
Site | Location Observed | Modelled | Difference Comment
No. water water (modelled z
level (m) | level (m) observed, m)
4 O0AOAAEOA 6AI 1 AUg 29431 294.48 0.17
Debris line, RB, 35m d/s obend on
river behind homestead
5a | At Evans Bridge 284.19 284.71 0.52 | Influenced by
bridge afflux
Debris, RB, 20m u/s of bridge
5b | At Evans Bridge 283.57 283.93 0.36
Debris, LB, 25m d/s of bridge
6a | At Broadford-Forest Rd (Flowerdale 279.13 279.34 0.21
Rd)
Debris, LB, at bend in river, 80m u/s
of bridge
6b | At Broadford-Forest Rd 277.98 278.16 0.18
Debris, RB, 20m d/s of bridge
7 2km u/s of Hazeldene 264.90 263.04 -1.86 | Observed
water level
Debris, RB, 80m d/s of house incorrect
8 Hydro gauge 200m u/s of Hazeldene 261.59 261.65 0.06
Readings from Leon Tepper, Hydro
Tatura. Levels by Southern Region
9a | Hazeldene 260.36 260.32 -0.04
Debris, RB, 100m u/s of bridge
9%b Hazeldene 259.29 259.38 0.09
Debris, RB, 15m d/s of bridge
*3EOA 1 0i AARO OOAA AU OEA 200A1 7AO0AO0 #1111 EOOETT

numbers are the same) to record details of the 1989 flood. The description of the location of the water
level measurement is a direct quote from the RWC plgPlan Number 201475).
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Site | Location Observed | Modelled | Difference Comment
No. water water (modelled 7z
level (m) | level (m) | observed, m)
10 | %km d/s Long Gully Rd 254.81 254.84 0.03
Debris, RB opp. gully from west
11 | 1km south of Flowerdale 249.06 249.58 0.52 | Location
approximate
Debris, RB, opp. farm track E side of
road
12 | Moores Bridge, Flowerdale 245.41 245.75 0.34 | Influenced by
afflux
Debris, RB, 50m u/s of bridge
13 270m d/s of Moores Bridge 242.69 243.74 1.05 | Observed
water level
Debris, LB, landholder noted flood incorrect
peak occurred 0100 Sunday 11 June
pPwWYws &OOOEAO Al
dedxv j) OOOPAAG
higher, washed out bridge and
1 ADPAA AAAE 1T £ b(
14 1%2km N Moores Bridge 238.18 236.80 -1.38 | Location

approximate
RB, debris line in chicken mesh fence

The following more detailed comments can be made about the calibration results Table 5-2:

1 The calibration suggests that the reach of King Parrot Creek upstream of the Forest Road

Bridge has a lower roughness than the reach downstream. The edenensional

modelling in HECRAS also suggested a lower roughness thrbubis area. However, the
roughness characteristics of King Parrot Creek do not appear to be substantially
different above Forest Road. Another possible explanation is that the distribution of
rainfall in the 1989 flood was different to that assumed by \&fter Technology based on
the rainfall gauges(Russell and LeCerf, 2012 As there was only one rainfall station in
the catchment in 1989(Russell and LeCerf, 2012 there is no basis to revise the rainfall
distribution assumed by Water Technology. Without being able to determine the reason
why the model is showing higher water levels than those observed in the upper reach, a
conservative approach was adopted and the roughness of King Parrot Creek upstream of
Forest Road was not reduced to match modelled flood levels to surveyed levels.

The model indicates an afflux approximately 0.18netres higher at Evans Bridge than

that observed in 1989. The date of construction of the current bridge could not be
confirmed with Council. However, since 1989 the walk way has certainly been added to
the upstream side of Evans Bridge. Hence, the increase in afflux at Silver Creek Road is
attributed to changes to the geometry of the bridge.
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Further to the above comments, the cadiiration process was complicated by the reliability of
the high water marks recorded after the 1989 flood. ThRural Water Commission(1990)
did not describe the reliability of each of the surveyed marks. Howeves discussed below,
it appears that thereliability of the water marks is variable

1 The high water mark recorded at the gaugduring the 1989 flood was261.59m AHD
(Site No. 8Table5-2). This is 0.28m lower tharthe highest gauge readingf 261.87m
AHDfor the 1989 floodin Thiess Service$1999). The cause of this discrepancy has not
been resolved. As the calibration has been based on the set of Rural Water Commission
levels listed inTable5-2 it was decided that the level at the gauge ihable 5-2 should be
used.

9 Similar to the result in Table 5-2, the onedimensional hydraulic modelcalculatedwater
levels at site number 7o be 2-metres lower thanthe surveyed level The only plausible
explanation appears to be an error was made in selecting or surveying the water mark.

I At site number 13 the observed water level is at least-thetre lower than the level of the
floodplain. Hence the observed water level is incorrect.

1 At site number 14 the locaion given for the water level is approximate. Itis also likely
that there was an error in surveying this level as a site that broadly matched the
description and modelled water level could not be found. Note, site number 14 is in the
downstream part ofthe model where inflows from a major tributary have not been
included. However, this does not provide a credible explanation for all of the difference
between the modelled and observed water level.
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e 89 Pt 5aj
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Figure 5-1 The location of the high water marks surveyed after the 1989 flood and
listed in Table 5-2.
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6 RATING CURVES

The resultsof the hydraulic modelling arecompared to the rating curve for the Flowerdale
stream gauge just upstream of HazeldengThiess Services, 199pin Figure 6-1. The theoretical
rating curve from the TUFLOW model was generated by reporting the maximumater level and
flow rate at the Flowerdale gaugdor each of the flood events that were modelledT{able 6-1).

——Thiessrating —#—Theoretical rating

; £

——

highest dischargemeasurement

Stream Water Level in Metres

0 5000 10000 15000 20000 25000
Stream discharge in Megalitres/Day

Figure 6-1 The rating curve for the stream gauge 405231, King Parrot Creek at
Flowerdale, compared to the theoretical ratings generated by the
TUFLOW model.

Thiess Serviceg1999) states that the rating table has been extrapolated fatages above 3.9
metres. The largest recorded flood is the June 1989 event used to calibrate the TUFLOW model,
a gauge reading of 3.78netres for a flow of 9940 ML/day(Thiess Services, 1998 However,

the highest discharge measurement that has been made at the gauge is 7290 ML/day at a gauge
height of 2.82metres (Thiess Services, 1999

The flow during the 1989 flood was closely repliated by Water Technology in the RORB model,
a flow of 9948 ML/day was calculated Russell and LeCerf, 2012 However, when the

catchment inflows generated by RORB were used in the TUFLOW model, the flow generated at
the Flowerdale gaige is 13% higher than the RORB model produces. Henitere is a

difference in the routing offlows through the RORB and TUFLOW models.

If the inflows to the TUFLOW model were adjusted to produce a flow at the Flowerdale gauge
closer to that indicated bythe rating curve then the channel roughness of 0.065 used in the
calibration process would increase. This would result in an increase in the slope of the
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theoretical rating curve inFigure 6-1. However, it is unlikely that a revised calibration would
give atheoretical rating curve matching the slope of the rating curve.

If there is a substantial error in the slope of the rating curve then, consideriripat the highest
discharge measuremenhas beentaken at 7290ML/day, the flow of 9940 ML/day that Thiess
Services(1999) has adopted for the June 1989 flood may be too low.

Table 6-1 Stream discharge and the corr esponding stage generated by the
TUFLOW model at the Flowerdale stream gauge.

Flow event Stage (m) Stream discharge
(ML/day)

20-year ARI 3.37 9783
1989 flood 3.5 11277
50-year ARI 4.15 15342
100-year ARI 4.61 20059
100-year ARI + 10% of 4,78 21989

flows
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7 BLOCKAGE OF HYDRAULSTRUCTURES

During consultation with the community a number of members of the public raised concerns
regarding the risk of flooding due to the blockage of bridges and whether this had been
considered.

The consideration ofthe blockage of hydraulic structuresprovided here has been based on
Australian Rainfall and Runoff AR&R, Blockage of Hydraulic StructuresKroject 11,
February 2013).

AR&R provides two methods for assessing the potential impacts of the blockage of hydiaul
structures. TheSchemeA method has been used in this case as it appears the most applicable to
bridges.

7.1 CALCULATION OFRISK BASEDBLOCKAGE RATIOS

A first step in the Schemé\ assessment is to determine the availability of debris for a blockage.
Genenlly the availability of debris along King Parrot Creek is high as the catchment is mostly
steep terrain that is forested and the creek is fast flowingThe factors that impact on the
availability of debris in King Parrot Creek are assessed Table 7-1 in accordance with

SchemeA of Projectll.

Table 7-1 Assessment of debris availability.
Variable Considerations Assessment
Debris availability The catchmentgenerally High

consists of dense forest.
(Project 11, Table3.1)

Debris mobility Steep catchment with fast High

reponse times.
(Project 11, Table3.2)

Debris transportability Moderate bed slopeswith Medium
. stream size comparable to

(Project 11, Table3.3) debris load dimensions.

At site base debris potential Combination of the above High

assessments is HHM.
(Project 11, Table3.4)

At site debris potentialz Flood event ARl is the 10§ear High
adjustment for ARI event as this is critical for the

planning outcomes.
(Project 11, Table3.5)

There is a correlation between the formation of blockages and thepening width for the
hydraulic structure, termed the control dimension. The control dimension on a bridge is the
distance between the piers, or the abutments ihiere are no piers.The control dimension for
each of the bridges over King Parrot Creek is shown irable 7-2. The control dimension is then
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compared to the length of the longest 10% of debris and tret site debris potential (Table 7-1)
to determine the most likely blockage levelsTable7-2). The consequences of flooding
associated with blockage of the bridge are then assessed at each site. Where dwellings or

businesses are atriskthe® AT T OANOAT AAO EAOA AAAT OAO AO OAOU

consequences were set to very high as the community recalled that in 1971 the Flowerdale Pub
was flooded due, in part, to a debris blockage on the bridge. These consequences were used in
accordance with Table3.8 of Projectl1 to calculate the risk based blockageT@ble 7-2).

Table 7-2 Bridge characteristics and blockage ratios

Bridge Control Length of the | Most likely Consequences | Risk based
dimension, W longest 10% blockage blockage
(pier or abutment | of debris (m) levels - Boes
spacing in metres)

Silver Creek 12.7 7 20% Very High 40%

Road

Forest Road 78 7 20% Very High 40%

Bridge 140m 22.8 7 10% Low 10%

d/s Riverside

Cres

Bridge 500m 15.8 7 20% Low 20%

d/s Riverside

Cres

Hazeldene 14.4 7 20% Very High 40%

store

Walking track 218 7 10% Low 10%

-1 1T 0AB8O 8.3 7 20% Very High 40%

The risk based blockageg¢Table 7-2) can be broadly compared to the recommendations in
Table3.16 of Projectll. Table3.16 recommends a severe blockage condition of 100%here

the height of the clear opening is <Bnetres,. The height of the clear opening on the Silver Creek,
Forest RoadHappy Valley 2, Hazeldene and walking track bridges is85 metres from the

invert or thalweg of the stream. As this is a local maximum height above the thalweg tlsinot
otherwise reachedacross the stream crossection, the above bridges are close gualifying for

a severe blockage condition of 100%Hence Table3.16 of Projectll indicates that therisk

based blockage ratiosn Table 7-2 are not unreasonably high As the values iTable 7-2 have

been deiived from a more sophisticated method tharthe suggested values in Tabl8.16 of
Project11, Table 7-2 has been adopted for this study.

The risk based blockage derived iffable 7-2 has only been applied to the 10 year ARI flood as
this is the event that is used for land use planning and to set the floor levels of new buildings.
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7.2 IMPACT OF A BLOCKAGET THE SLVER CREEKROAD BRIDGE

Table 7-2 proposesthat the impact of a 40% blockage of the warway area under the Silver
Creek Road bridge should be tested-igure 7-1 shows the change in water depth (or elevation)
caused by this blockageThe areas shaded olive green indicate where the blockage does not
substantially lift or lower water levels (not by more than 50mm). The areas shaded light blue
indicate where the blockage causes flooding of areas that would otherwise be dry in the

100 year ARI event.The primary impacts of the blockage are

1 Water levels increasing by 56100mm upstream of the bridge for a distance of
150 metres.

1 Water levels increasing on the right (southern) side of the floodplain as flows dhi
sideways around the blo&age

1 There is anew flow path spilling over Creekside Drive resulting irshallow flooding
through the eastern end oKookaburra Court.

Impact of blockage on depth (m)
[ -0.17 - -0.05
[]-0.05-0.05
[Jo.05-0.1

% [Jo.i-0.2

B [Jo2-03

Figure 7-1 Impact of blocking 40% of the waterway area under the bridge at Silver
Creek Road.
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7.3 IMPACT OF A BLOCKAGET THE FORESTROAD BRIDGE

Table 7-2 proposes that the impact of blocking 40% of the waterway area under the bridg
Forest Roadshould be tested.Figure 7-2 indicates that the primary impacts of the partial
blockage of the bridge are:

1 Water levels increasing by 56100mm upstream of the bridge for a distance of
70 metres.

1 More water spilling north into Riverside Crescent, increasing the depth of flooding in a
number of areas (shaded yellow and orange) and increasing the extent of flooding
(areas shaded light blue).

7.4 IMPACT OF A BLOCKAGET THE BRIDGE140 METRES DOWNSTREAM OF

RIVERSIDECRESCENT
Table 7-2 proposes that the impact of blocking 0% of the waterway area under the bridge
140 metres downstream of Riverside Crescent should be teste#figure 7-3 shows the change in
water depth (or elevation) caused by this blockage.

The blockage locally spills more floodwater ord the left (western) floodplain. However, as
there are no building assets directly opposite the bridge he impact ofthe blockageon flood risk
is minimal.

7.5 IMPACT OF A BLOCKAGET THE BRIDGE500 METRES DOWNSTREAM OF

RIVERSIDECRESCENT
Table 7-2 proposes that the impact of blocking 20% of the waterway area under the bridge
500 metres downstream of Riverside Crescent should be testeéfigure 7-4 shows the change in
water depth (or elevation) caused by this blokage.

The blockage does cause a new flow path to develop on the western side of the floodplain where
floodwater ponds behind the driveway and spills north to rejoin King Parrot CreekThe impact

of the blockageon flood risk is minimal due to the lack obuilding assetsadjacent to the bridge
(Figure 7-4).
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Impact of blockage on depth {(m)
[ -0.17 - -0.05
[1-0.05-0.05
[do.os-0.1
[Jo.1-0.2

Figure 7-2 Impact of blocking 40% of the waterway area under the bridge at Forest
Road.
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Impact of blockage on depth {(m)
[ -0.17 --0.05
[1-0.05-0.05
[do.os-0.1
[Jo.1-0.2
[[o.z-0.3

Figure 7-3 Impact of blocking 10% of the waterway area under the bridge
140 metres downstream of Riverside Crescent.
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Impact of blockage on depth (m)
[ -0.17--0.05
[1-0.05-0.05
[Jo.05-0.1
[Coi-0.2
MEo.2-0.3

g

ls
y

g

Figure 7-4 Impact of blocking 20% of the waterway area under the bridge
500 metres downstream of Riverside Crescent.

7.6 IMPACT OF A BLOCKAGET THE HAZELDENE BRIDGE

Table 7-2 proposes that the impact of blocking 40% of the waterway area under the bridge at
Hazeldeneshould be tested. Due to the confined nature of the floodplain at Hazeldebé&ckage
of the bridge causes aubstantial increase in the afflux at the bridgeFigure 7-5 indicates that
the primary impacts of the partial blockage othe bridge are:

1 Water levels increasing by
0 200-300mm for 120 metres upstream of the bridge
0 100-200mm for 120 to 210 metres upstreant and

0 50-100mm for 210 to 500 metres upstream.
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1 More water spilling either side of the bridge, increasing water levels bydtween 50 and
200mm adjacent and immediately downstream of the bridge.

Impact of blockage on depth (m) 53
[ -0.17--0.05 s
[1-0.05-0.05
[Jo.05-0.1
[Coi-0.2

MEo.2-0.3

TS

@ e
Flowerdale
gauge

Figure 7-5 Impact of blocking 40% of the waterway area under the bridge at
Hazeldene.
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7.7 IMPACT OF A BLOCKAGET THE BRIDGEON THE WALKING TRACK

Table 7-2 proposes that the impact of blocking 10% of the waterway area under the bridge on
the walking track should be tested. As this bridgis not a substantial constriction to flood flow,
and the percentage blocked is low, the impact of the blockage on assets and hydraulics is not
significant (Figure 7-6).

Impact of blockage on depth (m
[ -0.17 --0.05
[1-0.05-0.05
[do.os-0.1
[Jo.1-0.2

[[o.z-0.3

Figure 7-6 Impact of blocking 10% of the waterway area under the bridge on the
walking track.
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7.8 IMPACT OF BLOCKAGE OMOORES BRIDGE

Table 7-2 proposes that the impact of blocking 40% of the waterway area under the bridge
where Kennys Road meets Moore Road shalbe tested. Figure 7-7 shows the change in water
depth (or elevation) caused by this blockage. The primary impacts of the blockage on water
levels are:

1 Anincrease in water levels either side of the bridge as more floodwater spiksound it.
The largest increase in water levels is along the left or western floodplain where there is
a 50-100mm increase in water levels for 210netres downstream of the bridge.

1 The afflux at the bridge increases by 10R200mm at and immediately upstrean of the
bridge and by 506100mm for 130 metres upstream of the bridge.

1 There is also a 10200mm increase in water levels upstream of the dam wall on the
western edge of the floodplain. This increase in water level is due to the dam wall
encroaching intothe floodplain directly opposite the bridge, compounding the
constriction caused by the blockage.

Impact of blockage on depth (m)
[ -0.17-0.05
[1-0.05-0.05
[Jo.05-0.1
[Coi-0.2
- [Mo.z-0.3

Figure 7-7 Impact of blocking 40% of the waterway area under - | 1T OBridg®.
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8 RUNNING THE HYDRAULIKRODEL

8.1 MASS CONSERVATION

AEA T AOO AT 1 OAOOAOGEIT ET A EUAOAOIEA 11T AAI EO
model. Poor mass conservation is an indication thaéhere are problems with the model and the

flow patterns it is producing.

8.1.1  Mass conservation fo r the overall model

Despite some instabilities at the start of the simulation (a peak cumulative mass error «f.08%
at 0.05 hours), for the period where the inflows and outflows are at least 5% of the peak the
highest cumulative mass error is 0.15%. Thipeak occurred at the time when the model stops
(at a time of 16 hours). A mass error of less than 1% is considered acceptable.

8.1.2  Mass conservation w ithin the model

The mass conservation within the TUFLOW model of King Parrot Creek was examined through
the use of plot output lines to record flow at a number of key locations, as shown in the legend

of Figure 8-1. This data was reviewed for the 1989 flood used to calibrate the hydraulic model.

Figure 8-1 shows a dfference of up to 4 nd/ secbetween the discharge at the upstream end of
the hydraulic model and the discharge approaching Silver Creek Bridge. This is due to two
tributaries entering the model between the start of the model and Silver Creek Bridge.

At Silver Creek Bridge the flows in King Parrot Creek upstream and downstream of the bridge
closely match with the flow at the bridge Figure 8-1).

Downstream of the Silver Creek Bridge the inflows to King Parrot Creek from Silver Creek and
Gum Creek result in a substantial increase in flows and this is evident at the Forest Road Bridge
(Figure 8-1). The flows downstream of Forest Road Bridge substantially match the flows at the
bridge. There is a sudden isolated drojm the flow at Forest Road approximately 6%z hours into
the storm (Figure 8-1). However, this instability does not persist and is unlikely to impact the
results for peak water levels.

The reach of King Parrot Creek from Forest Road Hazeldene has only a small tributary
contributing to flows, resulting in a discharge at Hazeldenthat is similar to Forest Road
(Figure 8-1). The flows above, below and at Hazeldene all match closely.

There are minor further inflows between Hazeldene and the end of the model that result in a
slight increase in flows at the downstream end of the model occurring an hour later than the
flows at Hazeldene Figure 8-1).
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Figure 8-1 Variation of discharge with time at a number of key location in the
TUFLOW model.

8.2 MODEL WARNINGS AND CECKS
The TUFLOW model of King Parrot Creek produces one warning. This is for a high Mannings
roughness in the materials file, a valueiiat is not used in the modelling.

TUFLOW also notifies that checks should be made at the end of the southern abutment of the
Silver Creek Road Bridge and the eastern abutment of the Happy Valley 2 bridge as the soffit of
the bridge beam is below ground legl. It was confirmed in the field that the ground surface

under these bridges is slightly lower than the soffit levelsind thedistance between bridge
abutmentswas also checked. The issue arises becaubke ground levels the model is using

were created for the bare earth LIDAR by extrapolating ground levelsom either side of the
bridge. However, given the narrow width of these bridges, the geometry is considered relatively
accurate and survey of ground levels under the bridges would have little impaoh the results.
Hence, noaction was taken in relation to eliminate these checks from the TUFLOW model.

8.3 LIMITATIONS

The accuracy of the Zlimensional hydraulic modelling for King Parrot Creek through
Hazeldene and Flowerdale was limited by the factorgsted below. These factors could be
excluded via the collection of better data.

1 Survey of the bed of King Parrot Creek:
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0 There are survey points along the bed of King Parrot Creg#terived from field
survey that included a longitudinal section of thehalweg of the creek and
96 cross-sections Additional survey of the bed of the creek may improve the
geometry of the hydraulic model marginally.

0 There are not survey points for the bed along the lower 1-Bilometres or upper
600-metres of the model of King Parrot Creek.

1 Thehydrologic study (Russell and LeCerf, 2012o0f King Parrot Creek did not extend
downstream of the intersection of the BroadfordFlowerdale Road and the Yea
Wittlesea Road. Hencehere is the probability that the hydraulic results for this
downstream reach underestimate water levels as they are based on flows that do not
include all of the catchment.

9 FLOODINTELLIGENCE

Flood intelligence has been drawn out of the modelling of flood behaviour to summarise the
consauences of a range of flood events for communities along King Parrot Creek.

Theflooding of access routedy King Parrot Creekis summarised inTable 9-1 through to
Table 9-5 for the 20, 50, and 100year ARI floals, the 1989 flood and the 106/ear flood plus
10% of flows (aproxy for the influence of climate change on the 10§ear event).

9.1 CONSEQUENCES OF20-YEARARI FLOOD
The extent of flooding caused by a 2@ear ARItype flood is shown inFigure 9-1. The impact of
this flooding on assets such as access roads and bridges is listed'd@le 9-1.
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Figure 9-1 Extent of flooding in a 20 -year ARI type flood .
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Table 9-1 20-year ARI flood - consequences.
Gauge 3.37m Flood 20 year ARI
height
Asset Depth of flooding (metres)
Wittlesea-Yea Road 0.1m
(vicinity of Silver Creek Road)

Service Road along Wittlesea 0.1m

Yea Road
(vicinity of Silver Creek Road)

max 0.2m at No. 2573 Wittlese¥ea

Road
Silver Creek Road Bridge 0.15m
(deck level 284.13m AHD)
Silver Creek Road up to 0.7m

(south of King Parrot Creek)

(max on bridge approach)

Silver Creek Road Bridge
(north of King Parrot Creek)

up to 0.2m

(max on bridge approach)

Creekside Drive

Kookaburra Court

King Parrot Court

Rosella Court

Forest RoadBridge 1.3m
(decklevel 277.50m AHD)
Forest Road 0.1m

(south of creek)

Forest Road
(north of creek)

Riverside Crescent

Wittlesea-Yea Road
(500m north of Riverside
Crescent)

Wittlesea-Yea Road
(at Hazeldene bridge)

Bridge atHazeldene store
(deck level 260.39m AHD)
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Broome Road
(300m north of Hazeldene)

Wittlesea-Yea Road
(at Long Gully Road)

Moore Road
(at N0.383 Moore Road)

Moore Road
(at Messmate Road)

Moore Road 0.1m
(at Kennys Road)

-1 T OA8O " OEACA -
(deck level 246.12m AHD)

Kennys Road 0.1m
Moore Road 0.1m
(north of KennysRoad)

Broadford-Flowerdale Road 0.1m

(at No. 2970Broadford-
Flowerdale Road)

9.2 CONSEQUENCES OF THE®OD INJUNE1989.

The extent of flooding caused by the 1989 flood is estimated Kigure 9-2. The impact of this

flooding on assets such as access roads and bridges is listed @le 9-2.
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Figure 9-2 Estimated extent of flooding in the 1989 flood.
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