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Limitations Statement

The sole purpose of this report and the associated services performed by Kellogg Brown & Root Pty Ltd (KBR) is to
provide drainage requirements for local catchment in accordance with the scope of services set out in the contract
between KBR and Lambert & Rehbein (‘the Client’). That scope of services was defined by the requests of the
Client, by the time and budgetary constraints imposed by the Client, and by the availability of access to the site.

In preparing this report, KBR has relied upon and presumed accurate certain information (or absence thereof) relative
to the survey and planning report provided by government officials and authorities, the Client and others identified
herein. Except as otherwise stated in the report, KBR has not attempted to verify the accuracy or completeness of
any such information.

This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in
connection with the provisions of the agreement between KBR and the Client. KBR accepts no liability or
responsibility whatsoever for or in respect of any use of or reliance upon this report by any third party.
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Samford Road Local Drainage Report

1 Introduction

The Main Roads Department is planning to upgrade Samford Road. As part of the
final design process KBR has been commissioned, through' Lambert & Rehbein, to
undertake various flooding and drainage assessments of tributaries of Kedron Brook
affected by the upgrade.

This report considers requirements of local drainage for minor catchments in the
section between Cedar Creek and East Cedar, Creek. There are five separate
catchments that drain east across Samford/Riaad. All of these catchments eventually

drain towards Kedron Brook. Culverts are-provided under Samford Road to drain
these catchments.

During the Plarming and Preliminasy Design Phase of the project, Bomhorst & Ward
produced a report that considered flgoding aspects of the project. It was assumed,
during this study, that the upgraded road would adopt the same culverts as are
currently existing. However, itydoes not appear that the capacity of culverts was
checked against required toad flood immunity levels.

A more complete analygis 1snow required to ensure that the design can perform to the
required standard. This-itivolves assessing the capacity of the existing culverts. The
objective is to provide/sufficient hydraulic capacity such that there is a minimum
150 mm freeboard te/the road shoulder during the ARI 50 year storm event.

2 Existing conditions

Most of the catchment area on the western side of Samford Road comprises a closed
refuse tip, which has been converted into grassed playing fields. It is usual that
completed landfills are capped with a low permeability layer, which tends to minimise

infiltration and promote surface runoff. It is therefore expected that runoff rates from
the catchment would be relatively high.

As previously mentioned, there are five discrete catchments that currently drain under
Samford Road through culverts. Culvert sizes and locations are provided in Table 1.

BEW215-W-DO-003 Rev C 1
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Each culvert has been allocated a number, as shown in the table, for reference
throughout this report.

Table 1 Existing drainage structures

Culvert Approximate Samford ~ Existing Drainage Details
: Road Chainage

(m)

1 5490 17900 RCP
2 5710 1/600 RCP
3 6060 1/450 RCP
4 6140 2/1200x600 RCBC
5 6290 2/1200 RCP

It is noted that Culvert 4 is under Tramway Street and runs parallel to Samford Road.

3 Methodology

Hydrologic analysis

The first part of the local drainage analysis/favolves estimating the peak discharge
from each catchment draining to Samford Rodd. The design criterion requires
150 mm freeboard to the road level at the“ugsiream end of the culvert for the ARI 50
year event. Peak discharges have been estimated for the ARI 50 year event only.

The hydrological analysis was undertalén using the Rational Method as presented in
“Australian Rainfall and Runoff” (1987). The time of concentration was calculated
based on an average flow velogity_ over the grassed catchment of 0.55 m/s. The
coefficient of runoff (C) adopted>for the ARI 50 year event was 0.65 based on
consideration of the losses and storm magnitude.

Hydraulic analysis

The hydraulic capacity 6f the existing and proposed drainage arrangements have been
assessed using the Austroads Waterway Design manual. This takes into consideration
flow rates, entrance’losses, contraction losses and tailwater influences.

Culverts have-been assessed based on a 150 mm freeboard. Details of proposed road
levels and-jinvert levels of drainage paths have been taken from the road plans
provided i the planning report. The permissible headwater levels, based on these
plans, are shown in Table 2.

BEW2{5-W-DO-003 Rev C 2
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Table 2 Allowable headwater

Culvert Approximate ~ Approximate Samford Allowable
Samford Road  Road Natural Surface Headwater (m)
Level - MO1 Level
(mAHD) (mAHD)

I 55.82 54.00 1.67

2 60.27 59.00 1.12

3 58.95 57.70 .10

4 55.11 54.00 0.96

5 54.04 52.10 1.79

Where the capacity of existing culverts (as proposed in the Preliminary Planning
Study) is less than the calculated peak flow, additional waterway area is required to
meet the flood criterion. In addition to the provision of additional water way area,
alternative options for the drainage of excess water were also cgnsidered.

4 Description of Culverts

Culvert 1

The catchment of Culvert 1 drains a section/cfpark land, including the closed refuse
tip. The downstream portion of the flow path is a lined channel, which flows firstly
under the footpath, before reaching the-drain under Samford Road. The flow path
reaches Samford Road north of the jénction of Samford and Upper Kedron Roads.
The drainage across the road is a 900 mm diameter pipe, which connects to another
900 mm pipe that directs flow under the houses on the eastern side of Samford Road.
The house immediately opposite.tlie flow path has a block fence across the flow path
that would limit overland flow that may be in excess of the capacity of the pipe. Any
flow in excess of the capéCity, of the pipe would flow over the road and then through

the properties on the dgwnstream side of the road. This water eventually reaches East
Cedar Creek.

Culvert 2

Culvert 2 is located further to the north of Culvert 1 on Samford Road. It is located
south of the’main catchment divide and the water from this catchment also flows
towards Egast Cedar Creek. The catchment of Culvert 2 also includes park land in the
closed refuse tip. The lower part of the flow path has a short section of lined drain
leading into a minor culvert under the footpath and then into the main drain across
Samford Road. There is no overland flow path through the houses on the downstream
side of the road.

The drainage under the road is a 600 mm diameter pipe. However the drainage
immediately downstream under the houses is a 525 mm diameter pipe, so it has a
smaller capacity than the pipe under the road.

BEW215-W-DO-003 Rev C 3
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Culvert 3

Culvert 3 is different from the others in this section of the road in that the flow crosses
the road in the opposite direction. Water flows from a small catchment south of
Claverton Street and across Samford Road from the east to the west. The catchment is
mainly residential. The outflow from Culvert 3 joins the open channel that flows
towards Culvert 4 under Tramway Street. The catchment is small and the drainage
under the road is one 450 mm diameter pipe. Flow above the capacity of the pipe will
flow over the road.

Cuivert 4

Culvert 4 is a major drainage line that runs parallel to Samford Road under Tramway
Street.

The catchment of Culvert 4 also consists mainly of the park lafidin the former refuse
tip, but with some development such as the Bowls Cluti The runoff from the
catchment flows into an open drain that runs towards the nésthand parallel to Samford
Road on the westem side.

The drainage consists of 2/1,200x600 RCBCs. The Upstream end of the culvert is at
the end of the open drain. Downstream of the culvert, thére is another open drain that
flows towards the north past the Ferny Grove Police Station.

Culvert 5

Culvert 5 is located in the open drain that discharges from the outlet of Culvert 4. It
directs water towards the east under Samford Road. The outflow from Culvert 5 flows
across a small area of low lying ground Hefore entering culverts under the railway line
and taking the flow into the floodplain of Kedron Brook.

The culverts under Samford Rodd are 2/1,200 mm diameter pipes and the culverts
under the railway line are 3/825 mm diameter pipes. The railway culverts have a
smaller waterway area than the ctlverts under Samford Road so they will control the
flow.

There is a bypass channél/from the inlet of Culvert 5, which directs any flow in excess C
of the culvert capacity towards the north and west and into the floodplain of Cedar >
Creek, just upstreariof’the railway culverts. This is a constructed channel and seems

to have been constricted to manage excess flow that does not flow through Culvert 5.

In addition to the waterway area, the capacity of this culvert is also affected by the

angle of the ilét and the possibility of debris. Therefore even if the capacity of

Culvert 54y/tmadequate there is unlikely to be any flow over the road, since the water

will flow towards Cedar Creek.

5 Hydrologic analysis

The hydrologic analysis was completed using the Rational Method. A summary of the
catchment properties and estimated peak discharges are presented in Table 3.

BEW215-W-DO-003 Rev C 4
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Further details of the hydrology assessment are included in Appendix A.

Table 3 Catchment hydrology
Culvert Catchment Time of ARI 50 year ARI 50 year

Area Concentration Rainfall Intensity Peak Discharge
(ha) (min) (mmvh) (m¥/s)

1 9.6 20 166 2.9

2 5.4 Bl 215 2.1

3 0.7 6 270 0.3

4 19.0 22 159 5.4

5 22.8 26 147 6.0

6 Hydraulic analysis (Existing)

The Preliminary Planning Study proposed that culverts identical to those in the
existing road be used for the upgraded road. The capacity of the existing culverts have
therefore been assessed, and the results presented in Zable 4. ARI 50 year peak design
discharges have been included for comparison

Table 4 Existing culvert capacities
Culvert Existing culverts Culvzrt Capacity ARI 50 year Existing culvert(s)
(m's) Peak Discharge suitable
(m*/s)

1 1/900 RCP 1.70 2.9 No

2 1/600 RCP 0.58 2.1 No

3 1/450 RCP 0.34 0.3 Suitable

4 2/1200x600 RCBC 2.00 5.4 No

5

2/1200 RCP 5.20 6.0 No

Note: 1. The capacity of culverts Was assessed based on the 150 mm freeboard criteria

As evident in the tablé,jonly Culvert 3 meets the design criteria. The existing
; arrangement at the other four culvert locations does not have sufficient capacity to
\ _ pass the ARI 50 y¢arevent.

7 Drainage Options

Introduction

The culverts for these minor catchments have been analysed and options are presented
for upgrading to meet the flood design standard. Details of these are as described
below.

The first option was to simply increase the capacity of each culvert to convey the ARI
50 year flood. The waterway area of the culverts at these locations has been increased

BEW215-W-DO-003 Rev C S
4 November 2002 K B n
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to meet this design criteria, with the proposed culvert arrangements summarised in
Table 5. This arrangement assumes that there are no diversions and possible
downstream impacts are neglected.

Table 5 Proposed culverts
Catchment Proposed Drainage ARI 50 year Peak Allowable Predicted
Arrangement Discharge Headwater (m) Headwater (m)
(m¥/s)
1 2/900 RCPs 29 1.67 1.41
2 4/600 RCPs 2.1 1.12 0.97
3 1/450 RCP 0.3 1.10 0.94
4 4/1200x600 RCBC 5.4 0.96 0.79
5 3/1200 RCPs 6.0 1.79 1.49

Following this initial assessment, each culvert location was considered in more detail
to assess any alternative possibilities.

Culvert 1

Culvert 1, the catchment closest to the intersection, with Upper Kedron Road, was
noted as not having adequate capacity to convey the-ARI 50 year flood event. The
capacity of the culvert has been calculated as 1.7 m’/s, which represents about 60% of
the discharge of the ARI 50 year flood, which i5.2.9 m’/s. The culvert capacity needs
to be doubled to 2/900 RCPs to convey the ARI 50 year flood from the catchment of
Culvert 1.

There 1s a problem however with this culvert flow once it crosses the road. In the
existing condition, the culvert will corfvey part of the ARI 50 year flood, while the
excess will cross the road. On the dewnstream side of the road, the flow up to the
capacity of the pipe will continu¢ to;flow in the pipe while the excess will flow
through the downstream propertigs:

An alternative approach to the upgrading of this drainage is to retain the downstream
piped drainage system, but divert part of the flow from the catchment upstream of
Samford Road. This would inivolve the diversion of 1.2 m*/s towards the east and into
East Cedar Creek. Thig/Water would need to be diverted along a drainage system
parallel to the road én-either the northern or southem side. While both options are
possible, the diver§iorialong the northern side would seem to offer benefits, because
the flow path i§ 4 shorter distance and the drainage does not need to cross the
intersection of Upper Kedron Road. This option of diverting excess flow is of benefit
to the propertics immediately downstream of the road, since they would become
protected from existing flooding problems.

As discussed below, the possibility of diverting water from Culvert 2 into this
catchment is also considered a possibility. This diversion would add an additional 1.5
m’/s to the flow into the catchment of Culvert 1. This means that there is a total of 4.4
m"/s flowing into the culvert under the road if this water is diverted.

There are therefore two possible options for the management of drainage at Culvert 1.
The first is to simply upgrade the culvert under the road and allow the excess flow
above the capacity of the downstream system to flow overland. The second
alternative is to upgrade the drainage under the road and then to provide for the flow
parallel to the road and into East Cedar Creek.

BEW215-W-D0O-003 Rev C 6
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If the first option is adopted, this will require upgrading the culvert from 1/900 RCP to
2/900 RCP, leaving the downstream conditions unaltered. This does not worsen the
downstream conditions.

If the second option is adopted, the culvert under the road needs to be upgraded to
3/900 RCPs because of additional water diverted from the catchment of Culvert 2.
This then needs to be in conjunction with a drain parallel to the road from the outlet of
the culvert to East Cedar Creek on the northern side of the road, either as a piped
system or an open channel of some type. This drain would need to have a capacity of
2.75 m’/s. The arrangement of this system would need to be designed as part of the
road drainage design. Note that this would require the construction of a surcharge pit.

Culvert 2

Culvert 2 does not have capacity to convey the ARI 50 yearfiood. To convey the
design flood, this culvert needs to be upgraded from the existing 1/600 mm pipe to
4/600 mm pipes, a significant increase. In this case, th¢ dewnstream drainage is of
_ low capacity, similar to that of the pipe under the ro4d.“Therefore if the drainage
\ ; under the road was increased, there would still be fiow in excess of the downstream
capacity, which would need to flow overland.

The capacity of the existing pipe is 0.6 m’/s, 36% of the discharge of the ARI S0 year
flood of 2.1 m?/s.

As noted above in the options for Culvett Y,-an option for Culvert 2 is to divert the
excess flow towards the south and into the caichment of Culvert 1. This option would
provide benefits to the residences downsiream of the culvert by reducing the overland
flow and maintaining the flow through/ttie section to the capacity of the piped system.
Diversion of this flow will requiré construction of a drainage channel parallel to the
road towards the south. The defaifed design of this would need to be part of the road
design, but the flow could be cenveyed by a trapezoidal channel with a base width of
0.8 m and flat side slopes of 1:4:

Culvert 3

( = Culvert 3 can be recomsiructed with the existing capacity of 1/450 mm RCP and this
o ' will meet the ARI5D vear flood criterion.

Culvert 4 !

o
The exigting=2/1,200x600 RCBC under Tramway Street does not have sufficient

capacity~to convey the ARI 50 year flood. This culvert needs to /ﬁpgraded to
4/1,200x600 RCBC to convey the design flood.

This is the only feasible option.

Culvert 5

The capacity of the existing 2/1,200 RCPs at this location would be 5.2 m’/s without a
downstream control, but this discharge is limited by the capacity of the railway

culverts downstream. The capacity of the downstream railway culverts is only 4.1
3
m/s.

BEW215-W-DO-003 Rev C 7
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The inflow from the catchment to Culvert S is 6.0 m’/s, so the culverts with their
existing capacity (assuming a control from the railway culverts) can convey 70% of
the total flow.

On the assumption that the channel running towards the north and into the floodplain
of Cedar Creek is not altered, the excess flow above the capacity of the culvert can
discharge towards Cedar creek and the existing culvert capacity is adequate. This
channel must be adequate to convey a flow of 1.9 m’/s. Based on the slopes and short
distance, the overland flow channel needs to have as waterway area of 2 m”.

This means that the existing culvert capacity does not need to be altered.

8 Discussion

.
While four of the culverts proposed in the Preliminary Planning Study do not meet the L /
design criterion for the ARI 50 year event, the impact’of flooding in a practical sense

may be minimal. That is, since the upstream catchments-are relatively small (tesulting

in fast response times and relatively small peak flows), the extent of overtopping and

the duration of overtopping would be minimalis It is likely that neither property

damage or inconvenience would be created by the floodwaters overtopping the road.

9 Conclusion

This study has identified that the sulverts proposed in the Preliminary Planning Study
for the Samford Road Upgrade would generally not meet the design criterion. The
Preliminary Planning Study proposed that the existing culverts be matched in the new
design. C
Enlarged culverts with”increased waterway area have been proposed to meet the

design criterion of 1 50'mm freeboard to the design road level. In addition, alternative
options have been‘considered.
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Appendix A

HYDROLOGICAL
CALCULATIONS.
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Summary of Rational Method Calculations

Catchment | Area (ha) cC Time of Concentration [ (mmv/hr) Q50
Length (m) [ Av Velocity (m/s) | tc (min)
1 9.6 0.65 650 0.55 20 166 2.9
2 5.38 0.65 ~ 375 0.55 11 215 2.1
3 0.65 0.65 210 0.55 6 270 0.3
4 18.95 0.65 710 0.55 22 159 5.4
5 22.75 0.65 850 0.55 26 147 6.0
Notes:

1. Catchment number relates to culvert number (ie. Catchment 3 drains through Culvert 3)
2. Area of Catchment 4 includes Catchment 3
3. Area of Catchment 5 includes Catchments 3 and 4
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Memorandum

Ourref 1089

Your ref
Date 30/01/2018
To Shan Sivagurunathan
Copy to Chris Russell
Subject Cedar Creek at Ferny Grove Hydrology, Hydraulics and Scour
assessment
Introduction

The TMR Hydraulics and Flooding unit has conducted a preliminary hydraulic analysis of Cedar
Creek at Ferny Grove. The creek is spanned by two bridges in close succession, just upstream of its
confluence with Kedron Brook. The upstream bridge is“Queensland Rail (QR) bridge and the
downstream one is Transport and Main Roads (TMR) bridge 36302 crossing Samford Road (U95).
The bridges are approximately 40 m apart. The land Jocated between the bridges is privately owned
and is part of an adjacent commercial property. The iacality plan of the subject bridges is shown in
Figure 1.

The purpose of the study is to assess the cause-and possible mitigation measures for a significant
scour hole observed between both bridges'and’a substantial undermining of the upstream face of the
TMR Bridge.

Hydrologic and hydraulic assessments.have been completed in order to investigate potential
mitigation measures. This technical memorandum details these analyses and resulting
recommendations for mitigation.

Department of Transport and Main Roads Enquiries Carlos Gonzalez
E&T Telephone +617 30661035
Hydraulics and Flooding Facsimile +617

Floor 16 | 313 Adelaide Street | Brisbane City Qld 4000

Y:\1089 Cedar Creek\Reporting\HYD-1089-CCK-REP-01-3.docx
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Figure 1 Locality plan

Terminology

A change in the use of piubability terminology has been adopted in the new version of ARR. In line
with these changes, TMR-Hydraulics and Flooding has adopted the following changes in terminology:

e The terminology. “Annual Exceedance Probability” (AEP) with results being presented as a
percentage ot aii-€vents of probability equal to or rarer than 50% AEP;

e The terminology “Average Recurrence Interval” (ARI) will be phased out when it is no longer
necessary to refer to it.

Design rainfall intensities calculated in accordance with ARR Ed. 1987 are produced on standard ARI
intervals and are a key input to the hydrological analysis in this study. As a result, the standard ARI
intervals have been used by this study with converted values of AEP being presented in Table 1.
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Table 1 Terminology

28l oy e

1 63%
2 39%
5 18%
10 10%
20 5%
50 2%
100 1%
General Equation AEP:I_WUTU

Page 3 of 17

b RTI 135-06006 Cedar Creek at Ferny Grove Hydrology, Hydraulics and Scour
Aaccpncemant 20 1 2019 nAf - Dane Niiimbar: 2 nf 17



Available data

Survey

Four sets of survey data have been made available in the area of interest. These include;
e 2002 detailed ground survey: collected to inform TMR’s upgrade of Samford Road. The
survey includes the Samford Road corridor in this area before the upgrade;
e 2009 Aerial Laser Survey (ALS);
e 2014 ALS; and
e 2017 ground survey: survey of the area under and between the rail and road structures to
inform this investigation.

Available Previous Studies

KRB prepared a report in 2003 for TMR as part of the final design procass-for the section of Samford
Road between Cobalt Street and Ferny Way in Ferny Grove. The mdeis used in this previous
investigation were not available, and have been conducted in a stiperseded software that TMR no
longer has access to.

TMR obtained a report prepared by Trackstar for a rail duplicaticti’and channel works dated 2010.
This is a supplementary report building on modelling that was’done years earlier for a bridge
replacement project. The original report and modelling were unavailable.

Brisbane City Council Kedron Brook Flood Study was originally produced in 1995 and was updated in
2014. The Cedar Creek section of the model is modei-using a 1D Mike 11 model. TMR was able to
obtain a copy of the model. The model uses design independent storms which is no longer
considered best practice. Although the one diménsional nature of the model also makes it unsuitable
for this specific study, some useful information'in¢luding structure details was extracted, from this
model.

DTMR Interactive Mapping and &tracture Drawings

DTMR interactive mapping and G|S based data layers were used for some structure details and
locations.

DTMR Structure Maintegilance Reports

The structure maintenance treports for the Samford Road crossing since the first one in 2006 were
reviewed in order to estaglish the beginning of the existing undermining of this structure.
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Data Review

The analysis of the various collected data sources, present a history of the changes observed in
Cedar Creek and its associated crossings.

Survey data

The most recent Samford Road upgrade was completed in 2006. During these works, the available
waterway area under Samford Road was significantly increased. The duplication of the rail line
undertaken by the Trackstar alliance was completed around the same time.

In 2010, a hydraulic report was completed proposing earthworks under the rail bridge to provide the
rail with a 1 in 20 year ARI (5% AEP) flood immunity (Refer to Section 3.3 of Keperra to Ferny Grove
Rail Duplication Project Hydrologic and Hydraulic Assessment — Supplementary Report, Trackstar
2010).

The following measures were recommended in this report:

e Connection of Existing Culverts 1050/900 (TMR) and 3x825 (QR;

e Additional 900mm RCP under rail at chainage 12790m

e Waterway improvements under Cedar Creek Bridge

e Channel Improvements in between rail bridge and rail culvert (southern side of rail corridor)

e Training wall between rail and road culverts with a levei-of 53.8m AHD

e Debris filters on southern side of Cedar Creek ovefflow culverts — rail culvert at chainage 12920

It should be noted that no “As constructed” drawings af the works proposed in the 2010 report are
available.

A significant undermining of the Samford Road-2fidge and associated scour was first recorded at an
inspection on August 2006. This was the first maintenance inspection after the road bridge was
opened. This scour hole has not become(significantly worse since then. However, based on various
sets of survey data (ALS from 2009 and:20'14 and ground survey from 2002 and 2017) it is evident
that a large scour hole in the area.in between the QR bridge and the Samford Road bridge developed
between 2010 and 2014.

Based on the available survey data) the potential outline of events at the subject area is:
e Prior to 2005 — Cedar Cregkrelatively stable

e 2005/06 — TMR upgrade Samford Road structures and QR duplicate bridge/install scour protection
within corridor

e August 2006 — local scour under TMR base slab inspected — no other scour between TMR and QR
reported

e 2006 to 2010 — Cedar Creek relatively stable

e 2010/11 — Trackstar report recommending channel works under bridge to provide the rail with a 1
in 20 year ARI (5% AEP) flood immunity, no ‘As constructed drawings” of proposed works
available

e Prior to 2021/2013 — large scour hole develops

Models available

TMR’s Samford Road upgrade used a now superseded 2D DELFT-FLS hydraulic model produced by
an external consultant. This model used data from Brisbane City Council’s (BCC) 1D Mike 11 model,
including BCC’s hydrology. The hydrology for this study was conducted in URBS using a DIS storm,
this technique is no longer considered best practice.
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The Trackstar study produced yet another new model of the area. This one was in MIKE Flood (1D-
2D) and included new hydrology based on design event modelling. This model assumed blockage of
the culverts. This seems reasonable due to photographs of blockage in the culverts after a major
event. Different blockage has been assumed for the proposed case to represent increased waterway
area.

TMR attempted to source the models developed by Trackstar and drawings to use for this
investigation, however QR have advised these models cannot be located. The BCC 1D model has
been sourced but is not suitable for this investigation. Therefore new models were built for the current
analysis.
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Hydrologic Analysis

Hydrologic analysis was undertaken in accordance with ARR87 in order to be consistent with
previous studies in the area. Peak flows were compared to those reported in the 2010 Trackstar
report.

Hydrologic Model Development

The hydrologic model incorporates the Cedar Creek catchment area upstream of Samford Road, and
the Kedron Brook catchment area upstream of the confluence of Cedar Creek and Kedron Brook. The
Cedar Creek catchment size modelled is 1600 ha and the Kedron Brook catchment size modelled is
670 ha.

Catchment SIM was used to determine catchment delineation and characteristics. The catchment
delineation and slopes are based on DSM data. The catchments determined in Catchment SIM were
reviewed and considered appropriate. Data was exported from Catchmeirt:SIM and used as input into
an XP-RAFTS model.

Design Rainfall

Intensity Frequency Duration (IFD) data for the catchment was calcutated using the standard methods
prescribed in the 1987 Edition of ARR via the BoM’s Design Rainfall website. IFD data is presented in
Figure 2.

Home IFD Table IFD Chart Coefficients ARI Print IFD table Help IFD table

Intensity-Frequency-0Ouration Table

Location: 27,4255 152.900E Issued: 4/9/2017

Rainfall intensity in mm/h forvancus durations and Average Recurrence Interval

Avearage Recurrence Interval

Duration 1YEAR 2 YEARS ) 5YEARS 10 YEARS 20 YEARS 50 YEARS 100 YEARS
SMins 116 145 191 216 2449 295 330
GMins 108 a0 178 202 234 276 310
10Mins 885 M4 147 167 194 230 258
20Mins 64.9 a4.3 109 125 146 174 196
30Mins 528 | 68.7 899 103 121 144 163

1Hr 3585 I 46.4 61.1 T0.3 8246 591 112
2Hrs 224 208 39.3 453 532 64.0 726
3Hrs V) 227 299 344 404 43.6 55.0
GHrs A 14.1 186 213 250 30.0 339
12Hrs | 584 2.9 M7 1356 15.8 18.9 214
24Hrs i 4.40 574 7.60 8.76 10.3 12.4 14.1
48Hrs 2.80 367 492 570 6.74 8.7 9.30
T2Hrs 207 272 367 426 5.04 6.12 6.98
{Raw data: 47.38, 8.99, 2.78, 97.19, 18.14, 5.9, skew=0.17, F2=4.39, F50=17.23) & Australian Government, Bureau of Meteorclogy
Copy Table

Figure 2 IFD table
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Design Event Loss Rates

Design event loss rates were estimated based on recommendations in ARR87. These values were
refined during validation to ensure a reasonable match with those reported in the 2010 Trackstar
report. Assumed losses are shown in Table 2.

Table 2 Design event loss rates

[ |
IL ’ CL

Impervious
areas
IL CL

AEP | | |

63% AEP 40 2 5 0
38% AEP 40 2 5 0
18% AEP 40 2 5 0
10% AEP 30 2 & 0
5% AEP 30 2 _ 9 0
2% AEP 20 2 a 0
1% AEP 20 2 5 0

Design Event Results and Validation

The peak discharges calculated with the latest modelwere compared to those reported in the 2010
Trackstar report. A good match was achieved as pgrthe results in Table 3 and Table 4 below.
Consequently, current estimates are deemed suitadie for use within this study.

Table 3 Peak discharges for Cedar Creek

Trackstar Peak Discharge

(m?*/s)
63% - 40 -
39% N 52.5 -
18% ( 78.7 -
10% 129 127.2
5% C 168.5 163.7
2% 235.5 233.0
1% 281 273.1

Table 4 Peak discr:arges for Kedron Brook

N . Trackstar Peak Discharge

AEP Peak Discharge (m3/s) (m?s)

63% 22.8 -

39% 29.9 -

18% 40.5 -

10% 66 56.9

5% 84 73.2

2% 118 105.7

1% 138 124.3
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Hydraulic Analysis

Software Platform and Modelling Approach

The two dimensional (2D) hydrodynamic modelling package TUFLOW was chosen as it has the
capability to represent the complex hydraulic conditions of the Cedar Creek and Kedron Brook flood
plain. The 2016 Build AE version of TUFLOW was used for all simulations.

Two cases were modelled:

e Pre—scour condition — representing conditions before the duplication of the railway (circa
2010)

e Post-scour condition - representing current conditions of the subject area (circa 2017)

Both cases assume the same structure details but different topographyinihe area of interest. This is
in order to replicate the effect of the channel works carried out in conjtnstien with the rail duplication
(circa 2010). The pre-scour condition utilises a combination of 2014ar<:2009 ALS. The post-scour
condition uses a combination of 2014 ALS and 2017 ground suryey. No blockage was assumed in
this study.

The model was run for the 63%, 39%, 18%, 5%, 2% and 1% AEF’events. The model set up is shown
in Figure 3.

Figure 3 Model set up and structure details
Boundaries and Roughness Parameters

Three upstream and one downstream boundary were assumed. Surface roughness values are
presented below in Table 5. Land use types were identified across the model extent using aerial
photography.
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Table 5 Assumed Manning’s roughness values

Open space 0.030

Roads 0.020

Rail 0.030

Channel 0.025

Dense vegetation 0.080

Urban 0.075
Structures

There are a number of structures included in the model. These irciude the main Cedar Creek
crossing, overflow structures, and some drainage structures to/thie east of the intersection of the road
and rail. Structure details were established from a combination-ef previous reporting, current council
modelling, ground survey and TMR structure details. The structure locations and details are shown in
Figure 3. It should be noted that not all structures have been surveyed, as such inlet and outlet levels
for some structures were derived based on available t&rrain-data.

Results and Validation

Maximum water level results were provided in the Trackstar report (2010). The reporting locations
were described but not shown, so the locationg-have been guessed for comparison. Water level
results for the 1% AEP pre-scour (and pre-thatinel works) condition are compared in the table below.
Results are generally within 300 mm. Note thatcurrent results are slightly higher than those
previously produced by the Trackstar study-while head loss observed across culverts is lower, due to
the assumption of no blockage.

As the purpose of this investigatici.is to determine the cause of a scour issue and possible mitigation
measures, the focus of the study are)peak velocity and bed sheer stress occurring between both
bridges. The highest velocity and/bed sheer stresses in the area of interest generally occur during the
18% AEP event for both cases {pre and post scour), these maximum velocity and bed sheer stress
are mapped in the following-figdfes.

Table 6 Results validation

Location 1% AEP pre scour case 1% AEP Trackstar existing
maximum water levels case maximum water levels
Rail Bridge US 54.57 54.13
Rail Bridge DS 54.54 54.05
Rail Culverts US 54.73 54.57
Rail Culverts DS 54.72 54.46
Samford Road Bridge US 54.54 54.0
Samford Road Bridge DS 53.95 53.84
Near Police Station 54.75 54.89
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Figure 4 Pre-scour case13% AEP maximum velocity
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Figure 5 Post-scour casez18% AEP maximum velocity
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Figure 6 Pre-scour case13% AEP maximum bed shear stress

Page 13 of 17

b RTI 135-06006 Cedar Creek at Ferny Grove Hydrology, Hydraulics and Scour
Aaccpncemant 20 1 2019 nAdf - Danae Niiimbar: 12 nf 17



Figure 7 Post-scour casez18% AEP maximum bed shear stress

Result Anzalysis

Present results indicate that velocities and bed shear stress occurring between both bridges are high
and have increased between pre (circa 2010) and post-scour conditions (circa 2017).

Although no “As constructed” drawings of the works proposed in the Trackstar 2010 report are
available, the implementation of the works proposed in 2010 could have exacerbated the velocities
and stream scour in the subject area, causing scour to progressively increase since 2010.

This is consistent with an observed large scour hole located just downstream of the rail corridor
boundary. As the scour hole deepens and widens, adjacent stream banks have started to collapse
inwards causing the observed undermining. Figure 8 to Figure 11 show the conditions of the scoured
creek banks located between both bridges.
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Figure 8 Scour hole looking upstream towards Rdil Bridge

Figure 9 Existing gabions downstream of Rail Bridge
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Figure 10 Collapsed banks

Figure 11 Collapsed tree due to collapsed banks
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Summary and Recommendation

Results from the present hydraulic analysis indicate that velocities and bed shear stress occurring
between both rail and road bridges are high and have progressively increased since 2010.

Although no “As constructed” drawings of the works proposed in the Trackstar 2010 report are
available, the implementation of the works proposed in 2010 could have exacerbated the velocities
and stream scour in the subject area, causing scour to progressively increase since 2010.

This is consistent with an observed large scour hole located just downstream of the rail corridor
boundary. As the scour hole deepens and widens, adjacent stream banks have started to collapse
inwards causing the observed undermining.

Based on the available survey data, the potential outline of events at the subject area is:

Prior to 2005 — Cedar Creek relatively stable
2005/06 — TMR upgrade Samford Road structures

August 2006 — local scour under TMR base slab inspected — no otherscour between TMR and QR
reported

2006 to 2010 — Cedar Creek relatively stable

2010/11 — Trackstar report recommending channel works under bridge to provide the rail with a 1
in 20 year ARI (5% AEP) flood immunity, no ‘As constructed drawings” of proposed works
available

Prior to 2012/2013 — large scour hole develops

Several options exist to protect the scoured banks ti¢iween the rail and bridge to prevent further
scour and undermining of the creek banks howeyer it is envisaged that a combination of gabion walls
and rock protection at the streambed might present the best option to prevent further erosion at the
creek banks (see Figure 12 below for a preiimitiary sketch).

Geotechnical, civil and structural input is reguired to design the proposed mitigation measures
including sizing and layout of scour protection. Dimensions shown on sketch are indicative only and
are likely to change during further designstages.

Figure 12 Preliminary sketch of proposed mitigation

Carlos Gonzalez
Principal Engineer
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Samford Road Hydraulic Assessment
January 2003 Supplementary Report No. 2

1 Introduction

The Department of Main Roads is planning to upgrade Samford Road. As part of the
final design process Kellogg Brown & Root Pty Ltd (KBR) has been commissioned,
through Lambert & Rehbein, to undertake a flood &ssessment of Cedar Creek, a
tributary of Kedron Brook, which is affected by the upgrade.

Hydraulic modelling of various options for the Samford Road crossing of Cedar Creek
has indicated that impacts to the neighbouritigirailway line will occur. The flood
immunity of the railway is already approximately equal to an average recurrence
interval of 50 years, which is lower than generally desired, and the proposed road
upgrade would further reduce this, based ¢h the results in the Planning Report.

The original flood assessment presentéd”in the KBR report dated October 2002,
provided an analysis of the proposéd)irainage works developed for the Planning
Report. While the afflux producefl from this analysis was similar to that provided in
the Planning Report, the afflux at\thé railway line was considered to be a problem to
the railway.

Because of this afflux problem;/various options have been assessed in a previous KBR
supplementary report (6 Ndvember 2002) to address the problem including:

* Increasing the capagityof the culverts;
» Increasing the spar]) and therefore the hydraulic capacity, of the bridge;
» Combining (h€road and railway embankments; and

+ Constricting an internal levee to direct flow through the culverts and minimise
redistribution of flows.

This report forms a second supplement to the original report (7 October 2002), and
examines several additional design options.
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(N

Hydraulic Modelling

A DELFT-FLS model, a true two-dimensional hydrodynamic model, was established
for the original flood assessment in the area around the Jjunction of Cedar Creek and
Kedron Brook, including the upstream and downstream reaches of Kedron Brook.
This model has now been modified to represent three new design scenarios, aiming to
improve flooding at the road and railway crossing, and particularly to limit impacts to
the railway. These scenarios are described below.

Scenario E — Lowering Samford Road level

The road alignment for this scenario was provided by Lambert & Rehbein. This
scenario involves lowering the design surface level of Samford % i
Cedar Creek. It therefore reduces the flood immunity of the ro
over the road at a lower level and attempts to maintain the exi
the railway. In addition to changing the level of the road Fainage structures were

also modified in this scenario.

The final road surface level would be higher than the qu road level and therefore
still improve the flood immunity of the road. The 42vel to which the road can be
lowered is constrained by maximum grades Nermanent features, such as the
railway level crossing. The modelled scenar&at the lowest road level possible
without major design modifications.

Scenario F1 - Full levee with 65 m br

N
This scenario involves the construc @-) levee over the floodplain. This levee is
located on the upstream side of th@way embankment and is designed to divert
water towards the bridge and a om the culverts. The proposed road bridge
would be 65 m span as per the @1 option presented in the Planning Report.

The flow patterns for the @mg railway and road crossings have the main flow

through the railway bﬂ@] t there is a significant secondary flow through the

railway culverts acros oodplain on the southern side of Cedar Creek. The

( construction of the @s planned to divert water from the culverts to the bridge

~ where the afflux is | and there will be a lesser impact on flood levels produced by
upgrading the rpad

In large floo nts the tailwater would cause backup through the culverts. The
culvert dins are based on the Option 1 scenario, although since the flow
through the culverts would be negligible, the culverts may be able to be downsized.
The backwater through the culverts means that the floodplain is still inundated in
major flood events.

Scenario F2 - Full levee with 75 m bridge

This scenario is a variation of Scenario F1, which involves increasing the span of the
bridges by 10 m, so the total length becomes 75 m. This means that both bridges, the
road and rail are increased by a similar amount. This would divert all flow through the
bridge, as per Scenario F1, and would increase the capacity of the bridge to cater for
these flows.
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Scenario F3 - Full levee with 85 m bridge

This scenario involves increasing the span of the bridge proposed in the planning
report by 20 m, so the total length is 85 m. This scenario would also divert flow
through the bridge and involve the greatest increase in bridge capacity.

Scenarios F2 and F3 are variations of Scenario F1, and allow some compensation for
the additional flow that is diverted through the bridge by the levee.

Scenario G1 - Partial levee over northern section

Upstream of the railway culverts there are two main flow paths over the floodplain.
This option involves constructing a levee over the northern flow path and is planned to
reduce flows to the culverts and direct most of the flow to the bridge, while leaving
some water to flow through the culverts.

The physical and hydraulic properties of the road and rail cro8sifgs are equivalent to
those presented in Option 1. The inundation areas wofld Be similar to Option 1,
however the levee would result in redistribution of flows.

Scenario G2 - Partial levee over southern section

This scenario is a variation of Scenario G1, and3avolves constructing a levee on the
southern side of the floodplain, so is planned t4 provide the same. type of change to the
flow patterns.
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3 Results

Peak water elevations for each scenario are presented in Table 1. Peak water
elevations based on the existing case (as per the Main Report dated October 2002) are
provided for comparison.

Table 1 Peak water elevation summary (m AHD)

Location ARI  Existing Ol F1 F2 F3 Gl G2

50 54.05 54.23 54.01 54.01 54.01 54.28 54.23

Samford Rd level

crossing 100 54.18 54.47 54.01 34.01 54.01 54.48 54.45

Railway bridge 50 53.75 53.76 53.96 5391 §3:86 53.80 53.81
100 53.90 54.03 5427 54.21 516 54.07 54.08

Railway culverts 50 53.78 54.08 53.37 5331 53.28 54.08 54.07

100 53.95 5433 53.66 53.5% 53.53 54.30 54.36
Road bridge 50 53.37 53.48 53.52 535 53.51 53.50 53.50
100 53.59 53.75 53.82 5 53.80 53.77 53.77
Road culverts 50 53.22 53.26 5339 55.17 53.16 53.26 53.27

100 53.47 53.50 53.43 53.42 53.41 5349 53.54

Note: 1. G1 refers to Option 1 results from the Original Regor/dated October 2002

Results for Scenario E have been omifted because preliminary modelling indicated
that the option was not viable. Forthe option to be viable the level of the road would
need to be reduced further. Howevar, due to constraints at both ends of the road it was
not possible to lower the tead further. The benefits of this scenario were not as
apparent as first impressicns)indicated, where the lower road level should allow
additional flow over the Emitiankment. This was due to the fact that the original road
alignment resulted in dcrest level that was actually higher than the nominal ARI 50
year flood immunity{aa¢d there was some freeboard for the ARI 50 year flood in the
original level. Thisjmeant that the reduction in road level did not cause a significant
increase in flow éverthe road.

Afflux valyes (the difference between existing and proposed flood levels) are
presented ii'dable 2.
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Table 2 Afflux summary (m AHD)

Location ARI Ol Fl F2 F3 Gl G2
Samford Rd level 50 0.18 -0.04 -0.04 -0.04 0.23 018
crossing 100 0.29 -0.17 -0.17 -0.17 0.30 0.27
Railway bridge 50 0.01 0.21 0.16 0.11 0.05 0.06
100 0.13 0.37 0.31 0.26 0.17 0.18
Railway culverts 50 0.30 -0.41 -0.47 -0.50 0.30 0.29
100 0.38 -0.29 -0.38 -0.42 0.35 0.41
Road bridge 50 0.11 0.15 0.14 0.14 0.13 0.13
100 0.16 0.23 0.21 0.2 0.18 0.18
Road culverts 50 0.04 -0.05 -0.05 <0.06 0.04 0.05
100 0.03 -0.04 -0.05 -0.06 0.02 0.07

Note: 1. O1 refers to Option 1 results from the Original Report dated October 2002

4 Discussion

Scenarios G1 and G2 do not provide gy additional benefit over Option 1. In fact, the
levee causes higher velocities over,the floodplain and similar flow rates pass through
the culverts, causing no net benefit~The marginally increased flow through the bridge
also increases flood levels at this\point in excess of those for Option 1.

Scenarios F1, F2 and F3 provide the greatest benefit of all options considered. At the
railway culverts all Scenarfo)}i options provide benefits with greatly reduced tail water
levels. The flood levels7are-reduced by up to 0.5 m in the ARI 50 year event for
Scenario F3.

The level of the railjoyer the crossing is generally at 54.00 m AHD (varies by up to
+0.1 m over the section of track of interest). The flood immunity of the railway is
generally taken'\at the base of the formation (0.5 m below the track level) and therefore
the existing fiéed immunity of the railway is less than the ARI 50 year event.
Increased flow’at the railway bridge will cause flood levels to increase. For Scenario
F3, in the ARI 50 year event the maximum increase at the railway line would be
110 mm, compared to 300 mm for Option 1, the originally adopted case from the

Planning Report. This would have a minor adverse impact on the railway flood.
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5 Conclusion

Based on the options considered in the hydraulic assessment to date (encompassing
the original report, Supplementary Report No. 1 and Supplementary Report No. 2, this
report), it does not appear that within the constraints of the site the existing flood
immunity of the railway can be maintained.

Scenario F3 which involves construction of a levee across the floodplain upstream of
the culverts and increasing the span of the two bridges by 20 m appears to provide the
greatest compromise between cost and performance. The maximum afflux at the
railway is 110 mm in the ARI 50 year event.

VR
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