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Memorandum 
 

 
Our ref 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 located between the bridges is privately owned 
and is part of an adjacent commercial property. The locality 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 +61 7 30661035 
Hydraulics and Flooding  Facsimile +61 7  
Floor 16 | 313 Adelaide Street | Brisbane City Qld 4000 
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Figure 1 Locality plan 

Terminology 
A change in the use of probability 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: 

 The terminology “Annual Exceedance Probability” (AEP) with results being presented as a 
percentage for all events of probability equal to or rarer than 50% AEP; 

 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 

ARI (years) AEP 

1 63% 

2 39% 

5 18% 

10 10% 

20 5% 

50 2% 

100 1% 

General Equation 






 


ARI
AEP

1
exp1
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Available data 
 
Survey 

Four sets of survey data have been made available in the area of interest. These include; 
 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; 
 2009 Aerial Laser Survey (ALS); 
 2014 ALS; and 
 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 process for the section of Samford 
Road between Cobalt Street and Ferny Way in Ferny Grove. The models used in this previous 
investigation were not available, and have been conducted in a superseded software that TMR no 
longer has access to. 

TMR obtained a report prepared by Trackstar for a rail duplication 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 model 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 dimensional nature of the model also makes it unsuitable 
for this specific study, some useful information including structure details was extracted, from this 
model. 

DTMR Interactive Mapping and Structure Drawings  

DTMR interactive mapping and GIS based data layers were used for some structure details and 
locations. 
 
DTMR Structure Maintenance Reports 

The structure maintenance reports for the Samford Road crossing since the first one in 2006 were 
reviewed in order to establish 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:  
 
 Connection of Existing Culverts 1050/900 (TMR) and 3x825 (QR)  

 Additional 900mm RCP under rail at chainage 12790m  

 Waterway improvements under Cedar Creek Bridge  

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

 Training wall between rail and road culverts with a level of 53.8m AHD  

 Debris filters on southern side of Cedar Creek overflow culverts – rail culvert at chainage 12920  

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

A significant undermining of the Samford Road Bridge 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 2014 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:  

 Prior to 2005 – Cedar Creek relatively stable 

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

 August 2006 – local scour under TMR base slab inspected – no other scour 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 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 Catchment SIM and used as input into 
an XP-RAFTS model.  

Design Rainfall 

Intensity Frequency Duration (IFD) data for the catchment was calculated 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. 

 

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 

 Pervious areas  Impervious 
areas  

AEP IL CL IL CL 

63% AEP 40 2 5 0 
38% AEP 40 2 5 0 
18% AEP 40 2 5 0 
10% AEP 30 2 5 0 

5% AEP 30 2 5 0 

2% AEP 20 2 5 0 

1% AEP 20 2 5 0 

 

Design Event Results and Validation 

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

Table 3 Peak discharges for Cedar Creek 

AEP Current Peak Discharge (m3/s) 
Trackstar Peak Discharge 

(m3/s) 

63% 40 - 

39% 52.5 - 

18% 78.7 - 

10% 129 127.2 

5% 168.5 163.7 

2% 235.5 233.0 

1% 281 273.1 

 

Table 4 Peak discharges for Kedron Brook 

AEP Peak Discharge (m3/s) 
Trackstar Peak Discharge 

(m3/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:  

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

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

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

The model was run for the 63%, 39%, 18%, 5%, 2% and 1% AEP 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 

Land use type Manning’s n 

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 include the main Cedar Creek 
crossing, overflow structures, and some drainage structures to the east of the intersection of the road 
and rail. Structure details were established from a combination of 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 terrain 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 locations have been guessed for comparison. Water level 
results for the 1% AEP pre-scour (and pre-channel works) condition are compared in the table below. 
Results are generally within 300 mm. Note that current 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 investigation 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 figures.  

Table 6 Results validation 

Location 
1% AEP pre scour case 

maximum water levels 

1% AEP Trackstar existing 

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 case 18% AEP maximum velocity 

 

Vmax = 4 m/s 
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Figure 5 Post-scour case 18% AEP maximum velocity 

 

Vmax > 5 m/s 
at scour hole 
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Figure 6 Pre-scour case 18% AEP maximum bed shear stress 
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Figure 7 Post-scour case 18% AEP maximum bed shear stress 

 

Result Analysis 
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 Rail 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 other scour 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 between the rail and bridge to prevent further 
scour and undermining of the creek banks however 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 preliminary sketch).  

Geotechnical, civil and structural input is required 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 design stages. 

 

Figure 12 Preliminary sketch of proposed mitigation 

Carlos Gonzalez 
Principal Engineer 
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