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1.1

1.2

1.3

Hume Highway - Woomargama Bypass
Mountain Creek Flood Study

Introduction

Background

The NSW Roads and Traffic Authority (RTA) proposes to construct a bypass of the Hume
Highway around the town of Woomargama, NSW. Woomargama is a small town located
between Albury and Holbrook along the Hume Highway. Mountain Creek flows in a north-
westerly direction along the northern edge of Woomargama. The Hume Highway currently
crosses Mountain Creek via a bridge located on the eastern edge of Woomargama.

Three alignment options have been proposed for the Woomargama bypass, options A, B
and C. Option A would bypass Woomargama to the north, paralleling the existing Hume
Highway alignment and crosses Mountain Creek and its floodplain twice - immediately to the
north and to the north-west of Woomargama. Option B and Option C would bypass
Woomargama to the north-west and also include proposed crossings of Mountain Creek, as
well as several other drainage lines.

Study Objectives

The obijective of this study is to determine existing flood conditions along Mountain Creek in
the vicinity of Woomargama. Results of this flood study will be used during assessment of
the bypass options and will provide a base case for assessment of flood impacts resulting
from the proposed Woomargama bypass. This study has been conducted in accordance
with the NSW Government’s Floodplain Development Manual (April 2005) and guidance in
Australian Rainfall and Runoff (Engineers Australia, 2001).

Available Data
The following data were used in this flood study:

= Detailed survey of Mountain Creek in the vicinity of Woomargama (data provided by
RTA based on surveys conducted by Phil Reid, Mat Swindle and Paul Ogden during the
following periods: 29-08-07 to 31-08-07; 10-09-07 to 14-09-07 and 18-09-07 to 20-09-
07). This survey included detailed survey of the both the Hume Highway and the
Fairbairn Road bridges crossing Mountain Creek.

= 1:100,000 Holbrook topography map (Commonwealth of Australia, 1982).

= 1: 25,000 topography maps for Mountain Creek, Narra Narra and Home Flat (Land
Information Centre NSW, 1978).

= Soil Survey of NSW, Soil Landscapes of the Holbrook-Tallangatta, 1:100 000 Sheet
(Department of Land and Water Conservation, 2003).
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Study Area

Location

Woomargama is located in south-western NSW approximately 70km north of Albury and
approximately 15km south of Holbrook. Mountain Creek flows through Woomargama on the
northern side of the town. The Hume Highway currently passes through Woomargama.

This flood study focuses on an approximately 8km reach of Mountain Creek in the vicinity of
Woomargama. This reach extends from approximately 3.5km upstream of the Hume
Highway bridge at Woomargama to just downstream of the Fairbairn Road bridge. This
section of the creek contains the existing Hume Highway bridge and the proposed crossings
required for all three of the bypass options.

Climate

The average annual rainfall for Woomargama is about 740 mm/yr, which is based on 126
years of rainfall data recorded at the Bureau of Meteorological Station (BoM) No 072049,
located approximately 4.5km south of Woomargama at Woomargama Estate. The climate is
characterised by warm to hot summers and cool to cold winters, and rainfall is winter
dominant. The average annual class “A” pan evaporation for Holbrook (located about 15km
north of Woomargama) is 1,161mm/yr (Water Conservation and Irrigation Commission,
1975).

Catchment Description

Mountain Creek is a tributary of Billabong Creek which itself is a tributary of the Murray
River, and therefore is within the Murray-Darling Basin. Mountain Creek joins Billabong
Creek approximately 17km north west of Woomargama. In the vicinity of Woomargama,
Mountain Creek is also known as Woomargama Creek.

Major tributaries of Mountain Creek within the study area include Spring Creek, Tunnel
Creek, Wilson Creek and Four Mile Creek. Spring Creek and Tunnel Creek both join
Mountain Creek upstream of Woomargama. Wilson Creek joins Mountain Creek at
Woomargama, just downstream from the existing Hume Highway bridge and Four Mile
Creek joins Mountain Creek just downstream of the Fairbairn Road bridge. An overview of
the catchment is shown in Figure 2-1.

Upstream of the junction of Mountain Creek and Four Mile Creek, Mountain Creek has a
catchment area of 129.5km?. A field inspection of the catchment was undertaken on 19"
February 2008. During this inspection it was noted that the catchment has gently undulating
topography and is predominately cleared for rural use with scattered patches of native
vegetation. The primary rural activities within the catchment are cattle and sheep grazing.
The upper reaches of the catchment have steeper topography and are densely forested,
containing areas of the Woomargama State Forest.

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 2
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Mountain Creek

Mountain Creek is an ephemeral system. The NSW Department of Water and Energy (DWE)
advise that stream flow generally occurs only after catchment rainfall or when base flow from
groundwater is sufficient. At other times, the river is reduced to a series of disconnected
pools. Advice from DWE is that there is generally no flow during the summer months. A
gauge station (410096) on Mountain Creek, approximately 10km downstream of
Woomargama, existed until it was decommissioned in 1994.

A field inspection of the study area was conducted on the 19" February 2008. During this
inspection, it was noted that Mountain Creek has an incised channel with primarily sandy
banks and floor. The creek exhibits a high level of sinuosity, which was attributed to the low
gradient of the creek and the soils present. The creek had ponded water in locations at the
time of the inspection which was slowly flowing in some locations.

The floodplain is narrow near Woomargama and the Hume Highway bridge, being confined
by a large hill on the right hand side of the creek and the Hume Highway on the left hand
side (looking downstream). Further downstream, the floodplain widens, principally spreading
out from the right hand side of the creek through the valley.

Vegetation in the main channel is sparse but large eucalypts and willows line the banks.
There are also occasional large logs and snags across the channel. Floodplain vegetation
consists primarily of long grass with scattered native trees.

Waterway Structures

There are two existing structures across Mountain Creek within the study area. One is the
existing Hume Highway bridge and the other is the Fairbairn Road bridge. Details of these
structures were obtained from survey data provided by the RTA and supplemented by aerial
photo measurements. Table 2-1 summarizes the details.

Table 2-1: Mountain Creek - road crossing details

Location Structure type Channel Invert Structure Soffit Road Crest
Level (mAHD) Level (mAHD) Level (mAHD)
Hume Highway 15m single 303.07 306.741 308.265
Bridge span bridge
F§|rba|rn Road 10m smgle 28217 287.26 288.26
Bridge span bridge

Note: mAHD in metres Australian Hight Datum

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 4
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Hydrologic Analysis

Overview

No previous studies or hydrologic models were available to determine flows within the
Mountain Creek Catchment. A XP-RAFTS model of the Mountain Creek catchment
upstream of Fairbairn Road was developed to assess flows in Mountain Creek during design
storm events.

The hydrologic model was used to assess flows during the 20, 100 and 2000 year ARI
(Average Recurrence Interval) and PMF (Probable Maximum Flood) design storm events.
These storm events were adopted to ensure that adequate information is available for later
stages of the Woomargama Hume Highway bypass project. The 20 year ARI event will be
required for design of scour protection at proposed waterway crossings. The 100 year ARI
event will be required to determine road levels and assess waterway opening requirements
of proposed structures to ensure the highway is not inundated during this event. The 2000
year ARI event has been assessed because the ultimate limit state design of all bridge
structures will be based on this event (as specified in the RTA Bridge Waterway Manual,
2000). The PMF event was modelled to provide a worst case assessment of flooding within
each watercourse.

Hydrologic Model Setup

3.2.1 Catchment Parameters

The Mountain Creek catchment has a total area of 129.5km? upstream of the Fairbairn Road
bridge. This catchment was subdivided into 17 sub-catchments to enable greater definition
of catchment parameters within the XP-RAFTS model. Additional nodes were included in the
model to represent key locations such as junctions of waterways and places where input into
the hydraulic model was required. The breakdown and location of each of the sub-
catchments is shown in Figure 3-1.

Sub-catchments MC1, SoC1, TC1 and SC1 represent the upper reaches of the catchment
and are characterised by steep topography and forested land. Sub-catchments MC2, MC3,
MC4, SC2, SC3, SC4 and SC5 represent the other reaches of the Mountain Creek
catchment upstream of the Hume Highway Bridge at Woomargama. These sub-catchments
have flatter gradients and are characterised by rural land use. Sub-catchments WC1, WC2
and WC3 represent the Wilson Creek catchment. This catchment is characterised by
undulating topography and rural land use. Wilson Creek joins Mountain Creek just
downstream of the Hume Highway Bridge. Sub-catchment MC5 represents the catchment
area between the Hume Highway bridge and Fairbairn Road bridge. Sub-catchment FMC1
represents the Four Mile Creek catchment, which joins Mountain Creek just downstream of
Fairbairn Road.

Catchment parameters, such as slopes, flow path lengths and sub-catchment areas, were
defined using 1:25000 topographic maps. Notes and photographs taken during the field
investigations and aerial photographs were used to determine other catchment parameters,
including percentage impervious and catchment roughness values (see Appendix A).

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 5
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Loss parameters were adopted based on recommendations in Australian Rainfall and Runoff
(2001) and the XP-RAFTS manual. Details of XP-RAFTS model input parameters adopted
are detailed in Table 3-1.

Channel routing was incorporated into the model using the Muskingham-Cunge method.
Channel cross sections were defined for the larger tributaries and XP-RAFTS was used to
calculate the parameters used in the routing calculations. Cross sections were defined
based on survey data where it was available, and 1:25 000 topographic maps in other areas.

Table 3-1: Mountain Creek catchment parameters

Sub- Area Slope % Land _ Initial Continuin
n . Soil Type Loss g Loss
catchment (ha) (%) Impervious Use (mm) (mm/hr)
MC1 996.66 5 0.1 0 forest Sa”(‘jg ys"ty 20 5
SoC1 73799 8 0.1 0 forest Sa”(‘jg ys"ty 20 5
JnctI\/ICC_So Additional Node — junction of Mountain Creek and South Creek
MC2 633.35 6 0.05 0 rural clayey 10 3
sand
TC1 10031 13 0.1 0 forest Sa”(‘jg ys"ty 20 5
Jnct MC_TC @ Additional Node — junction of Mountain Creek and Tunnel Creek
sc1 1216.4 10 0.1 0 forest Sa”g:g;"ty 20 5
sc2 678.93 4 0.05 0 rural Sa”(‘jg ys"ty 10 3
sc3 620.54 6 0.05 0 rural | SANdysity 3
clay
Jnct SC Additional Node — junction of upper tributaries of Spring Creek
sc4 323.96 3 0.05 0 rural Sa”(‘jg ys"ty 10 3
scs 61045 4 0.05 0 rural Sa”f:g ys"ty 10 3
Jnct SC2 Additional Node — junction of mid-tributaries of Spring Creek
scé 78.02 1 0.05 0 rural Sa”f:g ys"ty 10 3
MC3 43379 4 0.05 0 rural Sa”(‘jg ys"ty 10 3
Jnct MC_SC | Additional Node — junction of Mountain Creek and Spring Creek
MC4 405.26 5 0.05 0 rural Sa”gg ys"ty 10 3
u/s bridge  Additional Node — junction contributing catchments upstream of Hume Highway bridge
WC2 519.28 4 0.05 0 rural | sandy clay 10 3
WC1 820.69 4 0.05 0 rural | sandy clay 10 3
wcC Additional Node — junction of upper tributaries of Wilson Creek
wC3 1326.6 3 0.05 0 rural clayey 10 3
sand
d/s bridge | Additional Node — junction Wilson Creek and Mountain Creek
MC5 1085.8 5 0.05 0 rural Sa”gg ys"ty 10 3
FMC1 1371.6 3 0.05 0 rural Sa”gg ys"ty 10 3
MC6 Additional Node — junction Four Mile Creek and Mountain Creek

PARSONS BRINCKERHOFF
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3.2.2 Rainfall Intensity Frequency Duration Parameters

Rainfall Intensity Frequency Duration (IFD) parameters were obtained from Australian
Rainfall and Runoff, Volume 2 (Engineers Australia 1987, 2001). These parameters were
input into the XP-RAFTS model developed for the Mountain Creek catchment. IFD
parameters for Woomargama are shown in Table 3-2.

Table 3-2: Woomargama IFD Parameters

Variable Symbol AR&R reference Value
Rainfall intensity (mm/hr) 2, Mapl.7 20.65
(2 year ARI; 1 hour storm duration)

Rainfall intensity (mm/hr) 2l Map2.7 3.98

(2 year ARI; 12 hour storm duration)
Rainfall intensity (mm/hr) 25, Map3.7 1.14

(2 year ARI; 72 hour storm duration)
Rainfall intensity (mm/hr) 0y, Map4.7 43.43

(50 year ARI; 1 hour storm duration)
Rainfall intensity (mm/hr) 01, Map5.7 7.11

(50 year ARI; 12 hour storm duration)
Rainfall intensity (mm/hr) 0, Map6.7 1.84

(50 year ARI; 72 hour storm duration)
Average coefficient of skewness G Map7 0.21
Geographical factor F2 Map8 4.32

(2 year ARI)

Geographical factor F50 Map9 15.2

(50 year ARI)

3.23 PMP Calculation

Probable Maximum Precipitation (PMP) intensities were calculated using the procedures
outlined in The Estimation of Probable Maximum Precipitation in Australia: generalised short
duration method (Bureau of Meteorology, 2003). These were used to determine the 2000
year ARI and PMP temporal rainfall patterns which were input into the XP-RAFTS model to
determine the peak flows during the 2000 year ARI and PMP design storm events. It was
assumed that the catchment was already wet (initial loss was set to be the same as
continuing loss) when modeling the 2000 year ARI and PMP storm events.

Parameters used in the PMP calculations are detailed in Table 3-3 below. The moisture
adjustment factor (MAF) was determined from Figure 3 in the estimation of probable
maximum precipitation in Australia: generalised short duration method (Bureau of
Meteorology, 2003). The elevation adjustment factor (EAF) was adopted as 1 because the
elevation of the catchment is below 1500mAHD. The roughness parameter used in PMP
calculations is a measure of how steep the catchment is. Topographic maps were used to
determine this parameter.

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 8
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Table 3-3: Mountain Creek PMP calculation parameters

Parameter Value
Moisture adjustment factor 0.62
Elevation adjustment factor 1
Percentage defined as ‘Rough’ 0%

(meaning steep topography)

Hydrologic Model Results

331 Critical Durations

The Mountain Creek XP-RAFTS model was run for a range of durations for each of the
design events being assessed. The duration resulting in the maximum peak discharge for
each event was adopted as the critical duration. Table 3-4 details the critical durations
determined for each design storm event assessed.

Table 3-4: Mountain Creek critical durations for design storm events

Annual Recurrence Interval Duration
20 year 2hr
100 year 2hr
2000 year 2hr
PMF 2hr

3.3.2 Peak Flows

Flow hydrographs were produced from the XP-RAFTS model for each of the critical duration,
design storm events. These hydrographs were used as inputs to the hydraulic model (see
Section4.1.4 below). Key points of interest in the RAFTS model were flow from nodes
Jnct MC_SC (upstream point of hydraulic model), MC4 (additional flows generated upstream
of the Hume Highway bridge), WC (input from Wilson Creek, just downstream of the Hume
Highway bridge), MC5 (additional flows generated upstream of Fairbairn Road bridge), and
FMC (flows from the Four Mile Creek catchment). Digital copies of the XP-RAFTS model
are provided on a CD located in Appendix C.

Peak flows from the hydrographs applied to the hydraulic model are shown in Table 3-5.

Table 3-5: Mountain Creek Catchment Peak Flows

Peak flows (m®/s)
Sub-catchment

20 Year ARI 100 Year ARI 2000 Year ARI PMF
Jnct MC_SC
(Total catchment 130 243 727 2455
upstream)
MC4 15 26 63 188

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 9
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(local sub-catchment 31 55

(Total flows Four Mile 27 49

(local sub-catchment

flows)

WC
(Total flows Wilson 64
Creek catchment)

MC5

113 305 1019

144 461

flows)

FMC

139 478

Creek catchment)

Hydrologic Model Sensitivity Analysis

A stream gauging station (410096), located approximately 10km downstream of
Woomargama, existed until being decommissioned in 1994. Due to the distance
downstream of the study area and the length of time since it ceased operation, data from this
gauge was not considered to be appropriate for use in calibration of the XP-RAFTS model.

Model parameters were selected based on values recommended within Australian Rainfall
and Runoff (Engineers Australia, 2001). Due to lack of suitable data being available for
calibration, a sensitivity analysis was undertaken in order to establish the levels of
confidence for the model. Results of this analysis are presented in Table 3-6.

Table 3-6: Hydrologic Model Sensitivity Analysis

Location Manning’s n Initial Loss Continuing Loss
+20% -20% +20% -20% +20% -20%
Upstream of Decrease in | Increase in Decrease in | Increase in Decrease in | Increase in
Hume Highway flows by flows by flows by 5%  flows by 4% | flows by 2% | flows by 2%
Bridge 12% t0 20% 13%to 31% @ to 16% to 15% to 6% to 6%
Wilson Creek : ; Decrease in : Decrease in = Increase in
Decrease in | Increase in Increase in
Catchment flows by flows by flows by 5% flows by 4% flows by 2%  flows by 2%

Between Hume
Highway and
Fairbairn Road

14% to 16%

Decrease in
flows by
12% to 16%

18% to 21%

Increase in
flows by
14% to 21%

to 6%

Decrease in
flows by 5%
to 7%

to 5%

Increase in
flows by 5%
to 7%

to 3%

Decrease in
flows by 2%
to 3%

to 3%

Increase in
flows by 2%
to 3%

PARSONS BRINCKERHOFF

The results of the sensitivity analysis suggest that the XP-RAFTS model is relatively robust
and not greatly susceptible to changes in assigned catchment characteristics. While the
change in flow resulting from changes to Manning’s n values are high, this indicates that the
model is behaving as expected.

2116784D PR_4230 Page 10
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Hydraulic Analysis

The Danish Hydraulics Institute (DHI's) MIKE11 computer hydraulic modelling program was
used to analyse the existing flooding conditions of Mountain Creek. Unsteady flow models
were developed for each of the critical durations storms, the 20-year, 2 hour, the 100-year, 2
hour, the 2000-year, 2hr and the PMF. The study reach extends from approximately 3,350
metres upstream of the Hume Highway crossing to approximately 260 metres downstream
of Fairbain Road. Cross-sections were also placed at the proposed bypass locations. Option
A alignment crosses Mountain Creek at chainage 4862 and Options B and C cross at
chainage 5940.

Hydraulic Model Setup

411 Cross-sections

Cross-section data provided by the RTA were input into the cross-section geometry file.
Cross-sections are labelled according to chainage along the Mountain Creek thalweg,
beginning with Chainage 0 at the upstream end of the study reach and ending at Chainage
11,148 at the downstream end. Figure 4-1 shows the cross-section locations. Surveyed
cross-section data provided by the RTA are located in Appendix B. Elevation data in the
overbank areas were taken from 10-metre topographic maps for cross-sections that required
extension beyond the survey data.

4.1.2 Manning’s n-values

Manning’s n-values were selected based on field observations and aerial photography.
Values input into MIKE11 range from 0.045 in the low flow channel to 0.040 in the overbank
areas. Appendix A contains photos and notes taken during the field investigation showing
typical main channel and overbank areas.

4.1.3 Bridge Analyses

Bridge data for the Hume Highway and Fairbain Road crossings of Mountain Creek were
obtained from the RTA and input into the MIKE11l network file. Channel data for the
upstream cross-section of the Hume Highway bridge were not provided. Therefore, the
upstream cross-section geometry was derived by copying the downstream channel data and
adjusting the elevations based on channel slope. Surveyed bridge data provided by the RTA
are located in Appendix B.

The bridges were modelled using the United States Federal Highway Administration (FHWA)
Water Surface Profile method. Default values were used for the submergence, overtopping
and pier loss coefficients.

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 11
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4.1.4 Boundary Conditions

Hydrographs derived from the XP-RAFTS hydrologic model were input into the MIKE11
boundary file at appropriate points along the study reach as listed below in Table 4-1:

Table 4-1: Input Hydrograph Locations

RAFTS MIKE11 Chainage Location
Node in River metres
Jnct MC_SC 0 Approximately 3,350m upstream of Hume Highway
MC4 3,340 Upstream of Hume Highway
WC3 3,683 Confluence of Wilson Creek
MC5 10,876 Upstream of Fairbain Road
FMC1 10,891 Confluence of Four Mile Creek

The downstream boundary condition at Chainage 11,148 was determined by setting the
boundary type to Q-h in the MIKE11 boundary file. MIKE11 calculates normal depth using
the flow rate and the processed hydraulic parameters data for the cross-section.

Initial conditions were determined using a hotstart result file to stabilise the unsteady model.
The hotstart result file consists of the steady state solution for the modelled reach.

Hydraulic Model Results

The following summarises the baseline results for the existing conditions at the locations
where the bypass options would cross Mountain Creek. Baseline results will be used in the
following phases for design recommendations for the bypass bridge structure.

Table 4-2: Baseline Results

Option A — Chainage 4861 Options B & C — Chainage 5940
100-year FL = 299.59 mAHD 100-year FL = 295.96 mAHD

Flow Width =383 m Flow Width = 251 m

20-year Velocity = 0.99 m/sec 20-year Velocity = 0.52 m/sec

PMF Velocity = 2.14 m/sec PMF Velocity = 1.51 m/sec

Note: FL is peak flood level

A digital copy of the MIKE11 project is provided on CD in Appendix C.

Hydraulic Model Sensitivity Analyses and Validation

No observed water levels or gauge data are available for the study reach. Therefore,
calibration of the hydraulic model to real data was not possible. Model parameters were

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 13
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selected based on values recommended in Australian Rainfall and Runoff (Engineers
Australia, 2001). Due to no suitable data being available for calibration, a sensitivity analysis
was undertaken in order to establish the levels of confidence for the model. Results of this
analysis are presented in Table 4-3.

Table 4-3: Hydraulic Model Sensitivity Analysis

Location Manning’s n

+20% -20%

Mean increases in peak Mean decreases in

Study Reach flood level =0.10 m peak flood level 0.08 m

The results of the sensitivity analyses suggest that the MIKE11 model is behaving as
expected, with increases and decreases to flood level with adjustment of Manning'’s n-
values.

In addition to the sensitivity analysis, the bridge analyses were validated by running the
Mike11 model using the Energy method to analyse the bridges. The FHWA method results
were compared to the Energy method results and found to be very similar, with a mean
decrease in flood level of 0.01m.

5. Conclusions

This flood study presents the existing condition hydrologic and hydraulic analyses results for
Mountain Creek in the vicinity of Woomargama. The results will be used to aid with the
selection of the bypass option and the detailed design phase for the Woomargama Bypass
of the Hume Highway.

PARSONS BRINCKERHOFF 2116784D PR_4230 Page 14
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MEMORANDUM

Date: 22/2/08 Parsons Brinckerhoff

. Australia Pty Limited
To: Tami Norton Ernst & Young Centre
Copy : Level 27, 680 George Street
From: Kate Stephens Sydney NSW 2000

GPO Box 5394

Jobno: ~ 2116784D Sydney NSW 2001
Re: Site Visit to Woomargama — 19" February 2008 Australia

Telephone +61 2 9272 5100
Facsimile +61 2 9272 5101
Email sydney@pb.com.au

Site Visit Overview

On Tuesday 19" February 2008, Tami Norton and Kate Stephens visited Woomargama to assess
the 8km reach of Mountain Creek that is the subject of the Flood Study being conducted on behalf
of the RTA for the proposed Woomargama bypass. The upstream catchment was also assessed
during this site visit.

The majority of the reach of Mountain Creek that is within the bounds of the flood study was
visited to establish the existing condition of the waterways. Features of the waterways and
infrastructure (such as roadway bridges and culverts) were noted and survey data provided by the
RTA compared to identified site features. A drive through the upstream catchments was also
undertaken to gain an understanding of broader catchment conditions. Photographs were taken
during the site visit to assist with determining hydraulic roughness parameters for use in
development of both the hydrologic and hydraulic models.

Site Description
¢ Mountain Creek, in vicinity of bypass Option B and C crossings
(Photograph reference: photo 001 — 021)

In the vicinity of this location the creek has an incised channel and wide floodplain, which primarily
extends on the right hand side of the creek. The creek has a sandy bottom and contained ponded
water that was very slowly flowing at the time of the site visit. The creek exhibits a high level of
sinuosity (probably a result of the flat gradient and sandy soils).

Vegetation in the main channel was sparse but large eucalypts and willows line the banks. There
were also occasional large logs and snags across the channel. Floodplain vegetation consists
primarily of long (~1m high) grass.

Visual estimate of Manning’s n values: channel 0.045, right overbank 0.04, left overbank 0.05.

Property owner comment: last major flood ~ 5 years ago, floodwaters are contained within the
floodplain (below the top of the embankment on the left hand side of the creek). Floodwaters
spread across the wide floodplain.

e Mountain Creek, in vicinity of bypass Option A crossing
(Photograph reference: photo 025 — 061)

In the vicinity of this location the creek has an incised channel and wide floodplain, which primarily
extends on both the right and left hand side of the creek. The creek has a sandy bottom and
contained ponded water that was very slowly flowing at the time of the site visit. The creek
exhibits a high level of sinuosity (probably a result of the flat gradient and sandy soils).

Vegetation in the main channel was sparse but large eucalypts and willows line the banks. There
were also occasional large logs and snags across the channel. Floodplain vegetation consists
primarily of long (~1m high) grass.
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Visual estimate of Manning’s n values: channel 0.045, right overbank 0.04, left overbank 0.05.

A pump was set up to draw water from the creek at for use in a house just downstream of where
bypass Option A crosses the creek.

Property owner comment: flood flow is shallower on the right hand side floodplain and deeper on
the left hand side.

¢ Mountain Creek, at Woomargama
(Photograph reference: photo 062 — 064)

Characteristics of the creek were similar to locations above, however the vegetation along the
banks of the channel was slightly denser. The left overbank area is vegetated with grass. The
area slopes up to meet the Hume Highway and the grass had recently been mowed.

The floodplain narrows in this location with a hill located on the right hand side of the channel.
¢ Mountain Creek, at existing Hume Highway Bridge
(Photograph reference: photo 065 — 069)

Again, the creek in this location presented similar characteristics (meandering channel, sandy
bottom, similar vegetation). The floodplain is again not as wide in this location with a hill located
on the right hand side of the channel.

Photographs of the underside of the bridge were taken.
¢ Mountain Creek, at Fairbairn Road Bridge
(Photograph reference: photo 070 — 076)

Upstream of the Fairbairn Road bridge, Mountain Creek is less sinuous then at the locations
described above. The creek was only observed from the bridge so the substrate of the bottom of
the channel was not noted. The floodplain is wide with grass and eucalypts growing on the right
overbank area, and primarily grass on the left overbank area.

On the right of the channel, a levee has been constructed upstream from the bridge (see photo
76). Due to access restrictions it is unclear how far upstream from the road this levee extends.
The purpose of this levee was also unclear, but it is thought that it may have been constructed to
assist in directing flows from the wide floodplain under the road bridge and prevent damage to the
road embankment on the right hand side of the channel.

Downstream of the Fairbairn Road bridge, the channel has steep eroded banks, particularly on
the right hand side, but also on the left hand side of the channel. The creek again is less sinuous
then it was further upstream. Vegetation in the channel is thick grass/ reeds, with the overbank
areas vegetated with grass.

Four Mile Creek joins Mountain Creek just downstream of the Fairbairn Road bridge. Just
upstream of the junction, Four Mile Creek has heavily eroded banks (photos 71 & 72).

¢ Mountain Creek, further along Fairbairn Road
(Photograph reference: photo 077 — 080)

Fairbairn Road was driven along until the point where Mountain Creek flows close to the road. At
this point the creek again is less sinuous then it was further upstream. Vegetation on the banks of
the channel consists of willows and eucalypts with the overbank areas vegetated primarily with
short grass and some scattered trees. Access to the creek at this location was limited (the creek
was viewed from Fairbairn Road). The substrate of the channel was therefore not able to be
assessed.

¢ Mountain Creek Catchment upstream of Woomargama

The upper reaches of the catchment were assessed via a drive along both Tunnel Road and
Annandale Road. Tunnel Road follows Mountain Creek to the point where Tunnel Creek joins
Mountain Creek. Tunnel Road then follows Tunnel Creek to the upper reaches of the catchment.
Annandale Road follows Wilson Creek to the upper reaches of the Wilson Creek catchment.

The reaches of Mountain Creek and Tunnel Creek in the vicinity of the town of Woomargama
consist of gently undulating topography and general rural land use (primarily grazing cattle and
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some sheep). Higher up in the catchment the land becomes steeper and is densely forested,
containing areas of the Woomargama State Forest.

The Wilson Creek catchment is very similar to the reaches of Mountain Creek and Tunnel Creek
catchments in the vicinity of Woomargama (gently undulating and characterised by rural land
use). Wilson Creek joins Mountain Creek just downstream of the Hume Highway bridge.
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Mountain Creek — Typical main channel section




Fairbain Road — Bridge croin ofMuntan reek, looking west
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Mountain Creek at Fairbain Road Bridge — Looking downstrea |
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WOOMARGAMA CREEK BRIDGE
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MEMORANDUM

Date: 19 June 2008 Parsons Brinckerhoff
Australia Pty Limited
To: RTA, R.ay Tester Ernst & Young Centre
Copy : Mary Diab Level 27, 680 George Street
From: Tami Norton Sydney NSW 2000
GPO Box 5394
Re: Woomargama Bypass, HW02 Hume Highway — Australia
Proposed Bridge modeling for Options A & B Summary ~ Telephone +61 2 9272 5100
Results — TUFLOW Modelling Facsimile +61 2 9272 5101

Email sydney@pb.com.au

Introduction

The RTA requested that PB perform detailed 2-Dimensional analysis of the Hume Highway,
Bypass Options A2 creek crossings of Wilson Creek and Mountain Creek and the Option B
crossing of Mountain Creek in the vicinity of Woomargama. The modelling is necessary for the
cost analysis for this option and structures are a crucial component of the costing.

Background

PB was originally contracted to perform Mountain Creek Flood Study that analysed the existing
conditions flooding of Mountain Creek using surveyed cross-sections provided by the RTA
(August through September 2007). An XP-RAFTS hydrologic model was developed to provide
inflows for the Mountain Creek MIKE11l hydraulic model. PB prepared an existing conditions
Flood Study report that included the water levels at the cross-section locations and provided
existing flows and velocities at the proposed Options A, B and C locations.

PB was subsequently asked by the RTA to provide estimated bridge opening lengths for two of
the proposed bypass Options A and B (Option C has been eliminated as an option). PB provided
estimated bridge opening lengths based on non-detailed analyses methods, i.e. top widths
estimated from the existing conditions MIKE11 model. These estimated bridge openings were
then analysed in MIKE11 by including an approximate bridge cross-section in the model at the
proposed bypass crossing of Mountain Creek. An estimate of 150m for the bridge opening was
reported to the RTA at the confluence of Wilson and Mountain Creeks and the Mountain Creek
crossings for both Options A and B.

PB was then asked to provide a more detailed analysis to more accurately estimate the Option A
bridge openings as it has become essential to the cost estimate for the Option. Additionally, PB
was to incorporate a second bridge opening to address the natural springs located along the
Option A alignment. It was agreed that with the limited survey data a HEC-RAS model would be a
better tool for modelling the proposed bridge scenarios than MIKE11. PB then developed a HEC-
RAS model as described in the previous memo, Woomargama Bypass, HW02 Hume Highway —
Proposed Bridge modelling for Option A Summary Results.

The findings from these initial investigations were limited by the amount of survey data available
to define Mountain Creek and Wilson Creek. The 1-dimensional models were therefore not able to
adequately simulate flood behaviour in the Mountain Creek floodplain. It was identified that a 2-
dimensional model would provide a better representation of the floodplain behaviour during critical
design flood events.

Adopted Approach

To better define the behaviour of flooding a TUFLOW model for the exiting and proposed
scenarios for the Mountain/Wilson Creek floodplain was developed. The proposed scenarios
included Options A and B, with the Hume Highway crossing of both Mountain and Wilson Creeks.
The objectives of this modelling are:

J:\A243-ENV\PROJ\2116784G_EIA_EA_Woomarg\05_WrkPapers\WP\Surface Water\Report\Appendix C - TUFLOW memo\MO_4354 v2.doc
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=  Establish existing conditions water levels and flooding extends to use as base conditions to
compare with the proposed conditions.

= |dentify structures and properties that may be impacted by flooding.

= Determine the minimum bridge length openings required to meet the design criteria regarding
afflux and scour.

It is important to note that the TUFLOW modelling performed for this project was developed based
on limited DTM and survey data. Break line inverts were interpolated from known data points, but
due to the distance between the points, the accuracy of the interpolated portions of the DTM is not
suitable for use for any other purposes other than for estimating required bridge lengths for the
RTA'’s costing analysis. This model is not intended for use for detailed or final design.

Design Criteria
The design criteria outlined in a memo distributed by SKM on 13/05/2008 are as follows:

The project works must be designed to take into account of the hydraulic performance so that
inundation levels upstream and downstream of the project boundary are not increased in the 100
year ARI event by any more than the following:

=  Rural land without buildings or sensitive structures - 0.25m.

=  Rural land where buildings or sensitive structures are already below the 100 year ARI flood
level - 0.05m.

=  Any land where buildings or sensitive structures previously not inundated in the 100 year ARI
event would be at increased risk of inundation (including allowance for afflux) - 0.00m.

Watercourses must have impacts assessed for a 50 year and 100 year Average Recurrence
Intervals (ARI) and the Probable Maximum Flood (PMF). The following minimum Average
Recurrence Intervals are to be applied to the transverse (cross) drainage design:

= Culverts where surcharge is allowable - 50 years
= Culverts where surcharge is undesirable - 100 years
=  Major storm event check for no property damage - 100 years

= Major storm event check for no structure damage - 2000 years.

Scour protection shall be designed for all areas susceptible to scouring or erosion including
batters and bridge abutments. Scour protection must be designed for a minimum maintenance
free life of 50 years.

Revised XP-RAFTS Model

The existing conditions XP-RAFTS model developed as part of the Mountain Creek Flood Study
did not include a node at the upstream end of the existing Hume Highway crossing of Wilson
Creek. To provide a correct inflow at this point in the TUFLOW model, the XP-RAFTS model was
updated to include a node at this location. Inflows input into the TUFLOW model are listed below
in Table 1.

Tablel TUFLOW Inflows

Node Description 100-yr ARI Q
(m¥s)
u/s bridge (Mountain Contributing u/s existing Hume 254
Creek) Hwy bridge, Mountain Creek
u/s culvert (Wilson Creek) Contributing u/s existing Hume 112
Hwy culvert, Wilson Creek
WC3A (Wilson Creek) Lateral inflow for contribution 21

MO_4354 v2
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area between the
Wilson/Mountain Creek
confluence and d/s of Hume
Hwy crossing of Wilson Creek

MCS5 (Mountain Creek) Lateral inflow for contributing 55
area between just d/s of Option
B alignment crossing of
Mountain Creek and the
Wilson/Mountain Creek
confluence

Hydraulic Modelling

The existing conditions and several scenarios for Options A and B were modelled as described in
the following sections. All scenarios were run for the 100-yr ARI storm event.

DTM Data

SKM provided PB with a 2m x 2m grid to use for the TUFLOW modelling. Upon inspection of the
grid data, it was discovered that the grid was inadequate for the purposes of the modelling. PB
requested the raw DTM data from SKM and determined that the data did not include break lines
or detail to define the top of bank or other floodplain features within the Mountain Creek
floodplain. PB incorporated the existing RTA survey points and created break lines to define the
flow paths within the floodplain based on aerial photo inspection and limited contour data. Given
the level of accuracy of the DTM data and to save on computational time, a 5m x 5m grid was
developed for TUFLOW modelling.

TUFLOW modelling
Model Extents

The TUFLOW modelling encompasses the area shown in Figure 1. Houses (or other buildings)
located in the vicinity of the Mountain and Wilson Creek floodplains have also been identified from
inspection of the aerial photography.

NOT DISPLAYED FOR
CONFIDENTIALLY
REASONS

Figure 1 TUFLOW Model Extent showing Option A and B Alignments & Structures (model
extent shown in orange)
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Existing Conditions

The existing conditions model includes the existing Mountain Creek bridge and the existing culvert
crossing of Wilson Creek. The Mountain Creek bridge is modelled as a flow constriction. The
Wilson creek culvert is defined as a 1-D structure link to the 2D- network.

Proposed Bridge Scenarios

Option A

In addition to the existing Hume Highway bridge crossing, Option A consists of several proposed
bridges that are modelled as flow constrictions:

=  Wilson Creek crossing — existing 1-D culvert removed and replaced by flow constrictions

= Confluence of Wilson and Mountain Creeks

=  Natural Spring crossing

=  Mountain Creek crossing.

SKM’s MX design file (received 13/05/08) was used to locate the Option A alignment. The z-point
elevations were adjusted along the alignment for each scenario to represent the proposed
roadway embankment.

Four (4) bridge opening scenarios were modelled for Option A. Scenario 1 models one long
bridge that spans Mountain Creek and the natural spring. Scenarios 2 through 4 consist of varying
bridge openings for the Mountain Creek and Natural spring crossings. The bridge widths for the
confluence of Wilson and Mountain Creeks and the Wilson Creek crossing were set at the widths
shown in SKM’s MX design file for all four scenarios. Table 2 summarises the opening sizes used
for each scenario:

Table 2 Option A — Modelled Bridge Lengths (NB= northbound, SB=south bound)

Confluence of .
Scenario | Mountain Creek | Natural Spring | Wilson and Wilson Creek Total Bridge
; Length
Mountain Creek
SB -670m SB -200m SB -220m SB -65m
1 2,015m
NB -740m NB -200m NB -240m NB -80m
SB -240m SB -250m SB -220m SB -65m
2 1,605 m
NB -260m NB -250m NB -240m NB -80m
SB -200m SB -200m SB -220m SB -65m
3 1,420 m
NB -215m NB -200m NB -240m NB -80m
SB -230m SB -200m SB -220m SB -65m
4 1,495 m
NB -260m NB -200m NB -240m NB -80m
Option B

Option B consists of the existing Hume Highway bridge crossing of Mountain Creek, the existing
culvert crossing of Wilson Creek, and the proposed bridge crossing of Mountain Creek. The
proposed bridge crossing of Mountain Creek is modelled as a flow constriction. SKM’s MX design
file (received 26/05/08) was used to locate the Option B alignment. The z-point elevations were
adjusted along the alignment for each scenario to represent the proposed roadway embankment.
Two (2) bridge opening scenarios were modelled for Option B. Table 3 summarises the opening
sizes used for each scenario:

Table 3 Option B — Modelled Bridge Lengths

Scenario Mountain Creek Total Bridge Length
1 185 m 370m
2 360 m 720m
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TUFLOW Results
Existing Baseline Conditions

Figure 2 shows the resulting 100-yr water-depths and flood plain extents. Only three (3) of the
houses (as shown in green on Figure 1) are shown to be ‘wet’ during the 100-yr ARI event. Table
4 summarises the resulting water levels at these houses.

Table 4 Water levels at ‘wet’ houses for Existing Conditions

Structure Number 100- yr Water Level (m)
“House 18" 307.9
“House 19” 307.8
“House 20" 307.8
Option A

Figures 3 through 6 show the resulting afflux impacts for each of the four bridge scenarios
modelled, and are based on the 100-year ARI storm event. No structures are shown to be ‘wet’ for
any of the scenarios. The three structures that are ‘wet’ for the existing conditions are located
within the Option A proposed alignment footprint and are presumed to be properties that would be
purchased should Option A be selected as the preferred option. Table 5 summarises the average
afflux upstream of the Option A alignment for each scenario.

Table 5 Option A Scenarios — Average Afflux

Afflux (m)
Scenario
1 2 3 4
0.00 0.28 0.58 0.57

Option B

Figures 7 and 8 show the resulting average afflux impacts for the two bridge scenarios modelled,
and are based on the 100 year ARI storm event. Only the three structures are shown to be ‘wet’
during the existing 100-yr ARI event are shown as ‘wet’ for the two proposed scenarios. However,
there is no change in water levels at these structures. Table 6 summarises the average afflux for
the two scenarios.

Table 6 Option B Scenarios — Average Afflux

Afflux (m)
Scenario

1 2

0.12 0

Conclusions

Option A - Scenario 1 meets the RTA design criteria while scenarios 2, 3 and 4 all exceed the
criteria. However, scenarios 2 and 4 indicate only localised accedence of the criteria just
upstream of the Option A alignment and may still be viable if the community determines that the
impacts are acceptable.

Option B - Scenarios 1 and 2 were both meet the RTA criteria.

TUFLOW Figures
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