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COPYRIGHT:  The concepts and information contained in this document are the 
property of Sinclair Knight Merz Pty Ltd. Use or copying of this document in whole or in 
part without the written permission of Sinclair Knight Merz constitutes an infringement of 
copyright. 

LIMITATION:  The sole purpose of this report and the associated services performed by 
Sinclair Knight Merz Pty Ltd (SKM) is to document the hydrologic and hydraulic 
assessment of the Mount Victoria Village Safety Upgrade (the proposal) on the existing 
watercourses and drainage lines from a flow quantity perspective. The assessment 
includes the impacts on properties and the environment. 

In preparing this report, SKM has relied upon, and presumed accurate, certain 
information (or absence thereof) provided by the Client and other sources.  Except as 
otherwise stated in the report, SKM has not attempted to verify the accuracy or 
completeness of any such information. If the information is subsequently determined to 
be false, inaccurate or incomplete then it is possible that our observations and 
conclusions as expressed in this report may change. 

SKM derived the data in this report from a variety of sources. The sources are identified 
at the time or times outlined in this report. The passage of time, manifestation of latent 
conditions or impacts of future events may require further examination of the project and 
subsequent data analysis, and re-evaluation of the data, findings, observations and 
conclusions expressed in this report. SKM has prepared this report in accordance with 
the usual care and thoroughness of the consulting profession, for the sole purpose of the 
project and by reference to applicable standards, procedures and practices at the date of 
issue of this report. For the reasons outlined above, however, no other warranty or 
guarantee, whether expressed or implied, is made as to the data, observations and 
findings expressed in this report. 

This report should be read in full and no excerpts are to be taken as representative of the 
findings. No responsibility is accepted by SKM for use of any part of this report in any 
other context. 

This report has been prepared on behalf of, and for the exclusive use of, Roads and 
Maritime Services (RMS), and is subject to, and issued in connection with, the provisions 
of the agreement between SKM and RMS. SKM 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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Terms and abbreviations 
Term Definition 

100-year ARI Flood event 

Refers to the flood event that occurs, on average, once every 100 years. Also 
known as the 100-year Average Recurrence Interval (ARI) of a flood. These 
events are of a random nature. It is possible to have 100-year floods in 
successive years. Similarly, a 100-year flood event may not occur for 200 years 
and may not be the largest flood in the last 100 years. This also applies to 5-year 
and 20-year ARI flood events. 

Afflux An increase in water level resulting from obstacles in the flow path. 

AHD Australian height datum is the datum (adopted by the National Mapping Council 
of Australia) to which all vertical control mapping is to be referred. 

Alluvium Relatively recent deposits of sedimentary material laid down in river/creek beds, 
floodplains, lakes, or at the base of mountain slopes. 

Annual Exceedance 
Probability (AEP) 

Annual Exceedance Probability (AEP) is a measure of the rarity of a rainfall 
event. AEP is the probability that a given rainfall total accumulated over a given 
duration (e.g. 160mm falling in 3 hours) will be exceeded in any one year. 

Average Recurrence 
Interval (ARI) 

ARI is a measure of the rarity of a rainfall event. It is the long-term average 
number of years between the occurrences of a flood as big as or larger than the 
selected event. E.g. ARI 10 = 10 year average recurrence interval. Both Average 
Recurrence Interval (ARI) and Annual Exceedance Probability (AEP) are a 
measure of the rarity of a rainfall event. AEP relates to ARI as: 
 

𝐴𝐸𝑃 = 1 − exp  (
−1
𝐴𝑅𝐼) 

 
ARIs of greater than 10 years are very closely approximated by the reciprocal of 
the AEP (e.g. 10 year ARI is approximately 0.095). For more information 
regarding the relationship of AEP to ARI, please refer to the Bureau of 
Meteorology (BoM) website, 
http://www.bom.gov.au/water/designRainfalls/ifd/glossary.shtml. 

Batter The slope of walls, embankments and cuttings, usually expressed as a ratio of 
horizontal distance unit to one vertical height unit. Eg 2H:1V. 

Carriageway The portion of a roadway devoted to vehicular traffic generally delineated by 
kerbs, a verge or a median. 

Culvert An enclosed channel for conveying water below a road. 

Cutting An open excavation. A formation resulting from the construction of the road 
below the existing ground level after material is cut out or excavated. 

Earthwork The process of extracting, moving and depositing earth during construction. 

EIS Environmental impact statement. 

EPA NSW Environmental Protection Authority. 

Flood Immunity  Relates to the level at which a particular structure would be clear of a certain 
flood event. 

LEP Local Environmental Plan. A type of planning instrument made under Part 3 of 
the EP&A Act. 

LGA Local government area. 

http://www.bom.gov.au/water/designRainfalls/ifd/glossary.shtml
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Term Definition 

OEH Office of Environment and Heritage (formerly Department of Environment, 
Climate Change and Water). 

RL Reduced level - relative height above mean sea level. 

Probable Maximum Flood 
(PMF) 

Largest flood that could conceivably occur at a particular location, which defines 
the extent of flood prone land (the floodplain). 

REF Review of environmental factors. 

RMS NSW Roads and Maritime Services. 

SCA Sydney Catchment Authority. 
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Executive summary 
This report details the desktop hydrologic and hydraulic assessment undertaken to assess existing 
conditions and the potential impact of the Mount Victoria Village Safety Upgrade (the proposal) on 
watercourses and drainage lines from a flow quantity perspective. Where impacts may be 
significant, mitigation measures have been recommended and future design requirements 
identified. 

The hydrologic standards of six existing cross drainage structures located along the length of the 
proposal through Mount Victoria Village varies substantially. Surcharging of the existing highway is 
expected to occur during storms with average recurrence intervals (ARIs) ranging between about 5 
and 100 years. 

Roads & Maritime has indicated that due to the relatively minor nature of the proposal through 
Mount Victoria Village, upgrade of all existing cross drainage structures along the proposal is not 
required. However, it is recommended that the following two existing cross drainage structures are 
upgraded due to the larger scope of the proposal in: 

 Section 2 – upgrade to a 1050 millimetre diameter cross drainage structure at Chainage 16490 
(X4), between Mount Piddington Road and Hooper Street. 

 Section 3 – upgrade to a 600 millimetre diameter cross drainage structure at Chainage 17370 
(X6), east of Fairy Dell Road. 

The impact of the proposal on peak flows in receiving drainage lines will generally be minor, with a 
few exceptions. These exceptions include potential significant impacts to properties in: 

 Section 1 – increased downstream peak flows from cross drainage structure at Chainage 
15530 (X1), south of Victoria Falls Road, may affect the nearby residence on Lot 1 in 
DP 1036734.  

 Section 2 – increased downstream peak flows from cross drainage structure X4 increases the 
risk that existing development on Lot 145 in DP 872202 will be adversely impacted. Hydrologic 
standards of downstream cross drainage structures at Harley Avenue and the Main Western 
Rail Line would also be reduced. 

Significant identified environmental impacts may occur in: 

 Section 2 – The magnitude of increased peak flows along the drainage line downstream of the 
X4 culvert is also considered to increase the scour potential along its unpiped sections. 

 Section 3 – Increased peak flows downstream of X6 discharge into a drainage line on Lot 3 in 
DP 1140103 and will likely result in scouring along the receiving drainage line.  

The key recommendations of this assessment include: 
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 New surcharge pit downstream of X1 in Section 1 – To ensure that downstream overland flows 
near the residence on Lot 1 in DP 1036734 are not increased. 

 Upgraded X4 and X6 culverts in Sections 2 and 3 – To manage increased runoff from the 
larger scope of works in these sections. 

 New detention basin in section 2 downstream of X4 – To minimise the impact of the project on 
flooding adjacent to existing development and infrastructure downstream of the highway 
corridor between Hooper Street and Mount Piddington Road, it is recommended that a 
stormwater detention basin form part of the drainage strategy for the safety upgrade project. 
The preferred basin location lies within Lot 3 in DP 654036 adjacent to the eastbound 
carriageway of the Great Western Highway, near Chainage 16500.  

 Scour reduction options in section 3 downstream of X6 – To mitigate the risk of scouring along 
the existing drainage line that runs through Lot 3 in DP 1140103, located at the northern end of 
Fairy Dell Road, three options were identified: 

A)  Construct a minor stormwater detention basin near Lot 3 in DP 1140103. 

B)  Extend a new piped drainage line along Fairy Dell Road to base of slope adjacent to the 
Sydney Water pumping station facility. Then construct new drainage channel from piped 
outlet to existing drainage line. 

C)  Construct a piped drainage line down both Burwood Road and Fairy Dell Road. 
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1. Introduction 
1.1. Project background 

The Katoomba to Lithgow Great Western Highway upgrade (previously known as the Mount 
Victoria to Lithgow Upgrade) is part of the NSW and Australian Governments’ commitment to 
improve road safety and accessibility to communities in the Blue Mountains and central west of 
NSW. Investigations for the upgrade started in May 2008 to determine the preferred route corridor. 
The preferred route alignment was announced in May 2010, followed by corridor investigations in 
2011.  

In July 2012, the NSW and Australian governments announced a $250 million revised investment 
program for the upgrade of the Great Western Highway between Katoomba and Lithgow. This 
decision addressed recommendations from an independent review of the proposed upgrades of the 
Great Western Highway west of Katoomba.  

The revised package of upgrades will enhance safety outcomes and maximise benefits to the 
community by targeting specific deficiencies. Roads and Maritime Services (Roads and Maritime) 
will manage and deliver the following:  

• Upgrading the highway at Forty Bends, east of Lithgow to three lanes on the current alignment 
($120 million).  

• A number of enhanced safety upgrades between Mount Victoria and Lithgow. These include 
Forty Bends, River Lett Hill, Hartley Valley and Mount Victoria Village Safety Upgrades ($83 
million). 

• Finalising the concept design and road boundaries for upgrading the highway from Mount 
Victoria to Lithgow and requesting councils to adopt these in their future planning.  

• Using the remaining funds from the joint $250 million Australian and NSW government 
commitment for upgrades of the Great Western Highway between Katoomba and Mount 
Victoria. 

The Forty Bends design and review of environmental factors (REF) were completed in April 2013. 
The design and REFs for the remaining safety upgrades are currently being prepared. 

1.2. Mount Victoria Village Safety Upgrade 

Roads and Maritime proposes to upgrade a section of the highway through Mount Victoria village in 
the Blue Mountains, New South Wales. The upgrade extends about 2.3 kilometres and is 
comprised of three sections, from 400 metres west of Browntown Oval (east of Mount Victoria 
village) to just west of Mount York Road (in this report, this is referred to as ‘the proposal’). Key 
features of the proposal are outlined in Table 1-1 and illustrated in Figure 1-1. 
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 Table 1-1 Key elements of the proposal 

Section Proposed safety improvements 

Section 1: Between 400 
metres west of Browntown 
Oval and 240 metres west 
of Victoria Falls Road 
(chainage 15400 to 
chainage 15880) 

 Widen the road shoulders up to 2 metres. 
 Provide a basic right turn into Victoria Falls Road. 
 Provide a formal footpath adjacent to the westbound lane along the 

length of the highway in this section. 
 Upgrade drainage, with concrete gutters with underground pipes to 

convey stormwater. 
 Provide a concrete safety barrier, new pedestrian footpath and 

pedestrian fence adjacent to the Gatekeepers Cottage. 
Section 2: Between 200 
metres east of Harley 
Avenue and 20 metres 
east of Station Street 
(chainage 16130 to 
chainage 16660) 

 Widen the road shoulders up to 3 metres. 
 Build a local service road to provide safe access to private 

properties on the southern side of the highway between Cecil Road 
and Mount Piddington Road. 

 Provide protected right-turn bays into Harley Avenue and Mount 
Piddington Road. 

 Provide a left-in and left-out turning control at Hooper Street with 
signposting and line marking. 

 Improve the road alignment between Mount Piddington Road and 
Hooper Street, by increasing the curve radius. Moving the road to 
the north, easing the sharp curves. A retaining wall would be 
required to develop this smoother curve.  

 Upgrade drainage. 
Section 3: Between 90 
metres west of Station 
Street and immediately 
west of Mount York Road 
(chainage 16790 to 
chainage 17760) 

 Widen the road shoulders up to 2 metres. 
 Provide protected right-turn bays at Kanimbla Valley Road and 

Selsdon Street. 
 Line marking improvements on the highway immediately west of 

Mount York Road to create a protected left turn lane into Mount York 
Road. 

 Provide a pedestrian refuge in the central median near Selsdon 
Street. 

 Install a raised splitter island in Fairy Dell Road. 
 Remove the eastbound steel guardrail west of Grandview Road and 

relocate electrical poles and the pole-mounted transformer. 
 Upgrade drainage, with kerb and guttering along the entire length of 

Section 3, including underground pipes to convey stormwater. 

All sections  Construct two detention basins with water quality control – one to at 
Fairy Dell Road and one opposite Mount Piddington Road. 

 Construct one water quality treatment near Victoria Falls Road. 
 Acquire portions of some properties. 
 Move utilities, such as water pipes and phone cables, as required. 
 Provide retaining structures at: 

– Chainages 16230-16450, between the new shared 
vehicular/pedestrian access road and highway. (maximum 4.8 
metres, with a typical height of 3 metres). 

– Chainages 16225-16450, between new shared 
vehicular/pedestrian access road and residences (maximum 
height of 2.1 metres with a typical height of 1.25 metres). 

– Chainages 16340-16540, on the northern side of the highway 
(maximum height of 5.5 metres, with a typical height of 4 
metres). 

– Chainage 16560-16620, directly east of Hooper Street 
(maximum height of 1.8 metres with a typical height of 1.5 
metres).  
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Section Proposed safety improvements 

 Review road signs through Mount Victoria village. 
 Install kerb and guttering south of the highway in all sections. 
 Asphalt corrections to surface shape to create tie-ins to the existing 

alignment. 
 Potential compound and stockpile sites at:  

– Cassilis Street. 
– Former construction site at Soldiers Pinch, about 500 metres 

south of Browntown Oval.  
– Harley Avenue. 

 

1.3. Purpose of this report 

This report details the hydrological and drainage assessment of the Mount Victoria Village Safety 
Upgrade. It assesses potential impacts relating to both the construction and operational phases of 
the proposed highway upgrade on existing watercourses and drainage lines from a flow quantity 
perspective. Measures to avoid or minimise potential impacts are identified and discussed further in 
this document. 

A related water quality assessment has been provided as a separate technical paper. 

The purpose of this report is to provide a detailed analysis for input into the Review of 
Environmental Factors (REF), as required under Part 5 of the Environmental Planning and 
Assessment Act 1979 (EP&A Act). This report builds on environmental corridor studies undertaken 
for the preferred route corridor and concept design for the Mount Victoria to Lithgow upgrade. 

1.4. Report structure  

This report is structured as follows: 

 Section 1: Introduction. 

 Section 2: Methodology. 

 Section 3: Existing environment. 

 Section 4: Potential impacts. 

 Section 5: Mitigation measures. 

 Section 6: Conclusion. 

 Section 7: References. 
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2. Methodology 
2.1. Approach to this study 

The Mount Victoria Village Safety Upgrade occurs along a 2.2 kilometre length of the Great 
Western Highway (GWH) where it runs through Mount Victoria Village. This length of highway runs 
through the catchment headwaters of two major river systems, namely the Grose River and Coxs 
River. The highway study area has a number of cross drainage structures that drain upstream 
catchments ranging in size from 1 to 8 hectares and which extend a few hundred metres from the 
highway (refer to Section 3 for a description of the study area). 

The changes in the road horizontal and vertical alignments and increased paved area associated 
with the proposed safety upgrades could alter existing flood behaviour and change the flood risk to 
adjacent private properties. To account for these potential risks and to address the requirements of 
the project, this report documents:  

 The assessment of existing cross drainage conditions along the route including peak flow rates 
approaching these crossings and their current hydrologic standard. 

 The assessment of future upgrade requirements of these cross drainage structures, taking into 
account potential development and climate change on peak flows on the sizing of the 
crossings. 

 The development of a high-level strategy for discharging runoff from the new pavement 
drainage system, taking into account both nuisance and major flooding. 

 The impact assessment of the proposed works, including afflux impacts, impacts on 
downstream properties related to changes in flow, and any environmental impacts related to 
changes in hydrology. 

A hydrology and drainage investigation of the Mount Victoria Village Safety Upgrade has been 
undertaken by Lyall & Associates Consulting Water Engineers (Lyall & Associates) in early 2013 on 
behalf of the NSW Roads and Maritime Services (Roads & Maritime) to assess drainage 
requirements and related construction and operational phase impacts (Roads & Maritime, 2013). 
This REF technical paper is a desk top study which summarises the findings of that report, which is 
provided in Appendix A. Additional information reviewed included: 

 Preliminary concept road design provided as CAD files by Roads & Maritime in June 2013. 

 Updated concept road design provided by Roads & Maritime as drawings in mid July 2013 
(refer to Appendix B). 

 Aerial imagery. 

 GIS layers such as cadastral boundaries, watercourses, 10 metre contours. 
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2.2. Legislative review 

Legislation and guidelines relating to works within flood liable land in New South Wales include: 

 Environmental Planning and Assessment Act 1979. 

 Local Government Act 1993. 

 New South Wales Floodplain Development Manual (NSW Government, April 2005). 

 State Emergency Service Act 1989. 

 State Emergency and Rescue Management Act 1989. 

 Water Act 1912. 

 Water Management Act 2000. 

 Practical Consideration of Climate Change, Floodplain Risk Management Guideline, (DECCW, 
2007). 
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3. Existing environment 
The Mount Victoria Village Safety Upgrade study area extends 2.2 kilometres from Browntown 
Oval to the east of the village to just west of Mount York Road. The highway corridor along which 
the safety upgrade works has been divided into three sections as indicated in Table 3-1 below, and 
the report uses the indicated chainages to refer to the locations along the Highway: 

The study area is wholly located within the Blue Mountains City Council local government area 
(BMCC LGA). Surrounding land use is predominately low density residential interspersed with 
areas of bushland and grassed open spaces. The Main Western Rail Line is located in close 
proximity to the eastern end of the highway upgrade works, crossing under the GWH between 
Sections 1 and 2. 

 Table 3-1 Design sections and chainage intervals 

Section Approximate distance 
(m) 

Chainage (m) 

Start (approximate) End (approximate) 

1 280 15400 15880 

2 500 16130 16660 

3 630 16790 17760 
 

3.1. Catchment context 

The length of highway runs through the catchment headwaters of two major river systems, namely 
the Grose River and Coxs River, both of which form part of the larger Hawkesbury-Nepean River 
system. A ridge that runs generally north-south along Station Street, extending north along the 
Darling Causeway, forms the catchment divide between these two systems. There are no major 
creek crossings along this section of the GWH as it is located relatively high in the headwaters of 
the two catchments. Cross drainage and pavement drainage flow to adjacent tributaries to the 
north-east as described below. Figure 1-1 and Figure 3-1 provide an overview of the study area 
including the location of the nearby waterways. 

To the east of the ridge, the highway corridor is located within the headwaters of the Grose River 
catchment. The majority of the Grose River catchment is reserved land as part of the Greater Blue 
Mountains World Heritage Area. The catchment is generally characterised by densely forested 
areas and includes a number of hanging swamps (Blue Mountains Swamps) that are listed as a 
vulnerable/endangered ecological community under the NSW Threatened Species Conservation 
Act 1995 (and endangered ecological community under the Environmental Protection and 
Biodiversity Conservation Act 1999). These swamps are also listed in the directory of important 
wetlands. The greatest density of Blue Mountains Swamps occurs in the Upper Mountains between 
Lawson and Mt Victoria. While Section 1 is about 50 to 60 metres from the closest hanging 
swamps (on Grose River), the hanging swamps are not hydrologically connected to catchments 
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associated with the proposal. The hanging swamps are therefore affected by operation of the 
proposal. 

Section 1 of the highway upgrade works drain generally to the north-east toward an unnamed 
tributary arm of Boyce Gully, which ultimately feeds into the Grose River via Victoria Brook and 
Victoria River. Section 2 of the upgrade works drain generally to the north-east toward two 
unnamed tributary arms of the Grose River (denoted as Tributary A and Tributary B on Figure 1-1) 
in the very upper reaches of its catchment. The receiving watercourses for both Sections 1 and 2 
are located within the Blue Mountains National Park. 

To the west of the ridge, the highway corridor is located within the headwaters of the Coxs River 
catchment, which forms part of the larger catchment of Lake Burragorang that is impounded by 
Warragamba Dam. The catchment therefore lies within the Sydney Catchment Authority’s (SCAs) 
Drinking Water Catchment. Section 3 of the highway upgrade works drain generally to the north 
towards the main arm and an unnamed tributary of Fairy Dell Creek, which ultimately feed into the 
Coxs River via Kerosene Creek and the River Lett. 

The prevailing terrain is relatively steep through Sections 1 and 2, with typical grades in the order 
of 10 to 20 per cent for land adjoining the highway corridor. West of Station Street (i.e. through 
Section 3) the terrain flattens out to some extent, with typical grades less than 5 per cent for areas 
both upslope and along the highway corridor. However, the terrain falls away steeply to the north 
(i.e. downstream) of the highway. 
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3.2. Climate 

Historical monthly rainfall data is available from the Bureau of Meteorology (BoM) rainfall gauge 
site at Mount Victoria (gauge 063056, Selsdon Street, 1872–1990). Average annual rainfall is 
approximately 1060 millimetres, with average monthly values ranging from approximately 60 
millimetres to 120 millimetres. As shown in Figure 3-2, rainfall varies seasonally with highest 
rainfall in the summer months.  

The nearest BoM evaporation station with available historical monthly evaporation data is at 
Bathurst Agricultural Station (gauge 063005, 1966 to current). Average annual evaporation at this 
station is 1340 millimetres, with average monthly values ranging from approximately 30 millimetres 
in June to 210 millimetres in January (refer to Figure 3-2). 

Figure 3-2 Mean monthly rainfall and evaporation 

 
 

3.3. Waterway and culvert crossings 

There are six main drainage lines along the route of the proposed safety upgrade, and each has an 
existing minor culvert crossing, denoted as X1 to X6. There are no major creek crossings along this 
section of the GWH as it is located relatively high in the headwaters of the two catchments. 
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All cross drainage structures are reinforced concrete pipes (RCP) with the exception of structure 
X1, which comprises a 600 millimetre wide by 600 millimetre high stone culvert. Roads & Maritime 
has indicated that the culvert has potential heritage value due its age, type of construction and 
reasonably good condition.  

 Hydrologic modelling 3.3.1.

Catchment areas to the waterway crossings were delineated using detailed ground survey (along 
the highway corridor) and Airborne Laser Survey (ALS) data. The delineated catchment areas are 
denoted as C1 to C6 and are shown in Figure 2.1 in Appendix A along with cross drainage 
structures, drainage lines and other key features along the route of the proposed road upgrade. 

All the culverts drain to the north or northeast into the upper tributaries of the Grose River and 
Coxes River. Flows which surcharge, or overflow, at the cross drainage entrance all flow over the 
highway at adjacent sag points, with the exception of X2, which flows toward cross drainage 
structure X1. 

A summary of the existing drainage structures and related upstream and downstream environment 
is provided in Table 3-2.  

Hydrologic modelling was undertaken using DRAINS software to assess the runoff characteristics 
of the catchments which contribute flows to the network of piped and channel drainage systems 
along the highway corridor. Aerial photographs and site observations were used to assess the 
degree of urbanisation present in the study catchments. Design rainfall intensities for average 
recurrence intervals (ARIs) ranging between 1 and 100 years were derived using procedures 
outlined in Australian Rainfall and Runoff (ARR). 

In the absence of gauged streamflow data for calibration purposes, the DRAINS model was tuned 
as close as was practicable to peak flow estimates derived using the Probabilistic Rational Method 
(PRM). Although a C10 value (i.e. the design runoff coefficient for application of the PRM) of 0.3 
applies (according to ARR) to the Mount Victoria Village area, the Roads & Maritime (2013) 
modelling study reviewed the design rainfall data in ARR, regional topography and landforms, and 
adopted a C10 value of 0.6 for Mount Victoria Village. Considering the existing developments in the 
catchments, it is considered appropriate to use the Rational Method instead of the PRM in 
calculating the peak discharges. Hence it is recommended that in the subsequent stages of the 
design, the Rational Method be adopted in reconciling design discharges estimated by the DRAINS 
model. Refer to the Roads & Maritime (2013) report for additional details regarding the procedure 
used to generate peak flows using the DRAINS model. 

Calculated peak flow rates at key locations in the receiving drainage lines under present day 
conditions for a range of design flood events are provided in Table 3-3.  
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 Table 3-2 Existing waterway crossing details 

Ref 
ID 

Design 
Chainage 

Section Location Pipe / Culvert 
Dimensions 
(mm) 

Catchment 
Area (ha) 

Description of contributing 
catchment 

Description of receiving environment Description of surcharge 
flow direction 

X1 15530 1 120m 
south of 
Victoria 
Falls Rd 

1 x 600 x 600 
stone culvert 

1.4 Area along the western side 
of the GWH, bounded to the 
east by the rail line (refer to 
catchment C1). The culvert 
also receives flows which 
bypass the inlet of cross 
drainage structure X2. In the 
field it was observed that 
stones protruding into the 
culvert barrel in its lower half 
reduce the effective 
waterway area of the cross 
drainage structure by about 
50%. 

Discharges join flows from a second 
minor piped drainage line running north 
along the highway corridor at an 
ungrated, informal inlet pit. Combined 
flows are then piped (375mm) east 
through Lot 1 in DP 1036734. Drains to 
tributary arm of Boyce Gully, and 
ultimately to the Grose River. 

Over the highway at a sag 
point approximately 30m to 
the south. 

X2 15590 1 60m south 
of Victoria 
Falls Rd 

1 x 375 RCP 0.6 Includes much of the 
existing highway pavement 
extending north to around 
chainage 15800 (refer 
catchment to C2). 

Discharges into informal vegetated 
drainage line that runs east through the 
northern portion of Lot 1 in DP 
1036734. Drains to tributary arm of 
Boyce Gully, and ultimately to the 
Grose River. 

South towards X1 

X3 16170 2 140m east 
of Harley 
Ave 

1 x 600 RCP 7.1 Area along the southern side 
of the highway corridor, 
extending as far south as 
Apex Avenue (refer to 
catchment C3). The 
structure also receives flows 
which bypass the inlet of a 
375 mm diameter piped 
crossing of Mount 
Piddington Road  
immediately south of its 
intersection with the GWH 
near chainage 16460 (refer 
to additional description 

Discharges to informal vegetated 
drainage line that runs north-east 
towards the adjacent rail line, with 
piped crossing (900mm RCP) under rail 
line. Drains to tributary arm of the 
Grose River. 

Over the highway at a sag 
point immediately to the 
east. 
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Ref 
ID 

Design 
Chainage 

Section Location Pipe / Culvert 
Dimensions 
(mm) 

Catchment 
Area (ha) 

Description of contributing 
catchment 

Description of receiving environment Description of surcharge 
flow direction 

below for X4). 

X4 16490 2 40m west 
of Mount 
Piddington 
Rd 

1 x 600 RCP 7.7 Area along the southern side 
of the GWH (refer to 
catchment C4). The total 
catchment to X4 includes a 
small catchment to the east 
of Mount Piddington Road, 
which is conveyed to X4 via 
a local drainage pipe under 
Mount Piddington Road.  
 

Discharges to vegetated drainage line 
along an easement and then minor 
flows are piped (450mm) through to 
and then under (600mm) Harley Ave. 
Flows are discharged and flow north 
through a vegetated channel towards 
the rail line. Flows are conveyed under 
the rail line (unknown sized pipe) before 
discharging into a tributary arm of the 
Grose River. 

Over the highway at a sag 
point immediately to the 
east. 
 
Also, flows that overflow 
the local drainage pipe 
under Mount Piddington 
Road flow east to X3. 

X5 16780 3 120m east 
of 
Kanimbla 
Valley Rd 

1 x 600 RCP 5.5 Area along the southern side 
of the GWH 
(refer catchment C5).  
 

Discharges to BMCC piped drainage 
system that runs north-east through 
Mount Victoria Memorial Park. Drains to 
Fairy Dell Creek, and ultimately to the 
Coxs River. 

Over the highway at a sag 
point immediately to the 
east. 

X6 17370 3 40m east 
of Fairy 
Dell Rd 

1 x 450 RCP 2.3 Area along the southern side 
of the GWH 
(refer catchment C6). 
 

Discharges to BMCC piped drainage 
system (unsurveyed, thought to be 
450mm) that runs north along Fairy Dell 
Road. System also accepts surface 
flows from northern side of GWH and 
runoff conveyed along both sides of 
Fairy Dell Road. Piped drainage system 
outlets near the driveway access 
entrance to a Sydney Water sewage 
pumping station. The outlet structure 
incorporates energy dissipation 
structures (vertical baffle blocks cast 
into the concrete headwall). Receiving 
drainage line is well vegetated and 
drops of steeply (approx. 25%) into 
bushland. The drainage line ultimately 
discharges into Fairy Dell Creek, which 
drains to Coxs River. 

Over the highway at a sag 
point immediately to the 
east. 
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 Current hydrologic standards 3.3.2.

The culverts within the study area were assessed for their current hydrologic standard, in terms of 
the ARI at which surcharging of the adjacent trafficable lane will occur. Typically the flows would 
overflow over the highway, with the exception of culvert X2 which would overflow into the adjacent 
catchment associated with culvert X1. 

Hydraulic modelling to estimate the capacity of the existing cross drainage structures was 
undertaken using the DRAINS model. The analysis showed that the hydrologic standards vary 
substantially, with surcharging of the existing highway expected to occur during storms with 
equivalent ARIs ranging from about 5-10 years to more than 100 years. The hydrologic standards 
related to the cross drainage structures are provided in Table 3-3.  

 Table 3-3 Peak flows and assessed capacity of existing cross drainage structures 

Cross 
Drainage 
ID 

Design 
Chainage 

Pipe/Culvert 
Dimensions 
(mm) 

Peak Flows (m3/s)(1) Assessed 
Capacity (ARI) 

2 yr ARI 5 yr ARI 10 yr 
ARI 

20 yr 
ARI 

100 yr 
ARI 

X1 15530 1 x 600 x 
600 heritage 
box stone 
culvert 

0.09 0.15 0.21 0.31 0.51 > 100 years 

X2 15590 1 x 375 RCP 0.05 0.07 0.1 0.14 0.21 50 – 100 years 

X3 16170 1 x 600 RCP 0.25 0.57 0.9 1.4 2.6 5 – 10 years 

X4 16490 1 x 600 RCP 0.47 0.76 1 1.4 2.1 5 – 10 years 

X5 16780 1 x 600 RCP 0.28 0.45 0.6 0.83 1.3 50 – 100 years 

X6 17370 1 x 450 RCP 0.15 0.22 0.29 0.38 0.57 5 – 10 years 
(1) Peak flows include bypass flows from adjacent cross drainage systems where applicable. Peak flows quoted to more 
than one decimal place for ease of comparison where flows are relatively small. 
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4. Potential impacts 
A description of the potential impacts of the proposal is provided below, as well as a description of 
construction and operational impacts. Operational impacts have also considered the potential 
impact of future development and climate change. 

4.1. Concept design description 

Section 1.2 outlines the scope of the proposal. The proposal does not present substantial changes 
to the existing highway. This is in contrast to other nearby proposals or completed projects on the 
Greater Western Highway, where the design involves full widening. The impacts of this proposal 
would be less significant than for a full widening project. 

 Road design 4.1.1.

The proposal follows the existing highway alignment with some minor changes to the horizontal 
and vertical alignment due to widening of existing highway pavement or hardening of existing verge 
and/or shoulder areas, realignment and other improvement at defined locations (refer to Section 
1.2). A new service road will be added between Cecil Road and Mount Piddington Road to facilitate 
property access adjacent to the westbound carriageway. The proposal would require minor 
earthworks in some areas to construct relatively small cut and fill batters. 

Table 4-1 provides a summary of the scope of roadwork and relationship to hydrological and 
drainage aspects.  

 Table 4-1 Scope of road works relevant to hydrology and drainage impacts 

Section Scope of works  Works in relation to hydrology and drainage  

1 Shoulder widening, including provision 
of a basic right turn (BAR) at Victoria 
Falls Road.  

The design will include the provision of 
concrete gutters which will incorporate 
underground pipes to cater for 
stormwater flows. 

Provision of a concrete safety barrier 
and footway adjacent to the 
Gatekeepers Cottage. 

 General widening, with some increased pavement 
areas and cut and fill batters where the longitudinal 
alignment will change.  

 Generally small fill batters (areas where the ground 
level is built up) located at Ch15490 – 15590. 

 Small cuts (areas where the ground level is cut 
into) located at Ch15670 – 15730. 

2 Alignment and intersection 
improvements west of the bridge 
include protected right turns at Harley 
Avenue and Mount Piddington Road. 

Provision of a local accessway to 
provide safe access to private 
properties on the southern side of the 
highway between Cecil Road and 
Mount Piddington Road. 

 Additional turning lanes and general widening 
require increased pavement areas between 
Ch16210 to 16570. Fill batter required from 
Ch16480 to 16540. 

 New service road will require more significant 
widening between Ch16230 and Ch16460, 
including some small fill batters.  
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Section Scope of works  Works in relation to hydrology and drainage  

2 Alignment improvements between 
Mount Piddington Road and Hooper 
Street, including any necessary 
retaining wall structures. 

 More significant widening to the north of the 
existing highway near Mount Piddington Road, and 
larger fill batters as discussed above near Mount 
Piddington Road. 

 General shoulder widening to Hooper Street. 
2 Left in /left out only at Hooper Street.  Minor works only - no significant change to the 

extent of paved area and no significant earthworks. 
3 Shoulder widening east of Kanimbla 

Valley Road to Fairy Dell Road. 
 General minor widening with some cut and fill 

areas.  

3 Provision of right turn bays at Kanimbla 
Valley Road and Selsdon Street. 

 General widening along highway with cut areas 
along southern side. Widening of paved area at 
intersections and some cut areas at Kanimbla 
Valley Road and some fill areas at Selsdon Street. 

3 Provision of Kerb and Gutter along the 
entire length of Section 2. The Kerb 
and Gutter will incorporate the inclusion 
of underground pipes to cater for 
stormwater flows. 

 Minor works to formalise pavement drainage 
system where required. 

3 Removal of the eastbound road safety 
barrier west of Grandview Road and 
subsequent relocation of electrical 
poles and pole mounted transformer. 

 Minor works only - no significant change to the 
extent of paved area and no significant earthworks. 

3 Introduction of a raised splitter island in 
Fairy Dell Road. 

 Minor works only - no significant change to the 
extent of paved area and no significant earthworks. 

3 Delineation improvements on the Great 
Western Highway immediately west of 
Mount York Road. 

 Line marking changes only, no changes to the 
extent of paved area or earthworks. 

 

 Drainage design – cross drainage 4.1.2.

Roads & Maritime indicated upgrade of existing cross drainage systems was generally not 
considered as part of the concept drainage strategy, as the substantial extent of works that would 
typically be required to install larger capacity pipes or culverts across the highway corridor is not 
consistent with the relatively minor works proposed as part of the proposal. However, measures 
have been recommended to improve the hydrologic standard of the Great Western Highway in the 
following two locations due to the larger scope of proposed highway upgrade works in these areas: 

 Cross drainage structure X4 at Ch16490, between Mount Piddington Road and Hooper Street. 

 Cross drainage structure X6 at Ch17370, east of Fairy Dell Road. 

Recommendations for the cross drainage structures are summarised in Table 4-2.  
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 Table 4-2 Drainage design changes to cross drainage structures 
Chainage Section Structure ID Proposed design change 

15530 1 X1 

Roads & Maritime propose to retain the existing X1 stone inlet 
structure due to its potential heritage value. 
New catch drain to direct flows to X1. The northern portion of 
catch drain will direct bypass flows from X2 to X1 inlet.  

15590 1 X2 
Retain existing culvert. 
New catch drain to direct flows to X2. 

16170 2 X3 Retain existing culvert. 

16490 2 X4 

Proposed upgrade due to the relatively extensive widening of 
highway at this location. Recommendation to replace existing 1 
x 600mm RCP with new 1 x 1050mm RCP to achieve 100 year 
ARI hydrologic standard. 
New catch drain to direct flows to X4. 

16780 3 X5 Retain existing culvert. 

17370 3 X6 

The proposed drainage design integrates pavement drainage 
with the X6 cross drainage structure. It is recommended to 
replace the existing 1 x 450mm RCP with a new 1 x 600mm 
RCP to achieve a 10 year ARI hydrologic standard, which is the 
standard required for the pavement drainage design. 

 

 Drainage design – pavement drainage 4.1.3.

A pavement drainage strategy was developed to manage stormwater runoff from the realigned and 
widened sections of highway pavement, and from the new length of service road between Cecil 
Road and Mount Piddington Road. The additional runoff will be controlled by new and upgraded 
pavement drainage elements connecting into existing drainage systems along the highway 
corridor. The new pavement drainage systems will be designed to capture and convey runoff 
generated by short duration storms with ARIs of up to 10 years. 

The strategy aims to mitigate the adverse impacts of the proposal on existing development and the 
drainage lines into which the upgraded pavement drainage system will discharge. In developing the 
strategy, the impact of the proposal on both nuisance and major flooding was taken into account. 
Figures 5.1 to 5.3 in Appendix A show the concept drainage strategy along the highway corridor 
and should be referred to when reading the following sections of the report. 

The figures show the proposed layout of the new pit and pipe pavement drainage system, including 
indicative locations and flow direction for the proposed pits, pipes and kerbs. As part of the design, 
SO kerb and SA kerb will replace the existing formed table drains in most locations. Where there 
are capacity issues with the SO kerb or SA kerb, longitudinal drainage will be necessary. 
Recommendations for the pavement drainage strategy shown in the figures are summarised in 
Table 4-3. 
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Details on the impact of the proposal on drainage patterns upstream and downstream of the 
highway are provided in the following sections. Mitigation measures that are recommended to form 
part of the drainage strategy are provided in Section 5. 

 Table 4-3 Drainage design changes to pavement drainage structures 

Section Proposed pavement drainage 

1 • As discussed in following sections, there are relatively minor impacts from the safety 
upgrade works in this section. Proposed changes include: 
– In detailed design, the existing X2 inlet pit would need to be replaced with a new SO2 

type pit to suit the new SO kerb to be constructed along the edge of the westbound 
carriageway. 

– New SO type kerb along portions of westbound and eastbound carriageway. 
– Current concept design shows SO kerb between the new footpath and westbound 

carriageway. Rather than constructing a new inlet pit over the existing X1 stone culvert 
to drain a new section of SO kerb, it is recommended that Roads & Maritime consider 
reversing the crossfall on the adjacent length of footpath to direct runoff away from the 
highway. This would remove the need for SO kerb in this area.  

2 • A new pit and pipe pavement drainage system is proposed: 
– A new pavement drainage network will connect to the inlet of cross drainage structure 

X3. This would cater for runoff from the adjoining length of highway corridor and new 
service road extending west to Mount Piddington Road. This new drainage system 
would also be required to control flows approaching the new service road from the 
south. 

– Another new pavement drainage network will cater for runoff from the realigned length 
of the GWH between Hooper Street and Mount Piddington Road. This new drainage 
system would discharge into the proposed detention basin at chainage 16500. 

– Existing piped crossing at Mount Piddington Road (Ch16460) to be replaced by new 
local drainage pipe system. This reduces bypass flows that are presently conveyed 
along the southern kerbline of the GWH to X3.  

3 • A new pit and pipe pavement drainage system is proposed: 
– Runoff from a short length of widened pavement along the westbound carriageway of 

the GWH between the crest in the highway corridor at Ch16950 and Kanimbla Valley 
Road at Ch16900 would be controlled by a new pavement drainage system. A new 
piped drainage line would need to be constructed along the southern kerbline of the 
GWH over a length of approximately 110 m to connect the new pavement drainage 
system to X5 on the upstream (southern) side of the highway. 

– Runoff from the eastbound carriageway of the highway between Ch16950 and 
Ch16900 would be collected by new SA kerb that discharges to the existing table drain 
along the northern kerbline. 

– Caters for runoff from the upgraded length of the corridor between the crest in the 
highway at Ch16960 and Fairy Dell Road circa Ch17460. This new drainage system 
would also cater for runoff approaching the highway corridor from the south. This 
includes SA type kerb, new pipes (size to be determined in detailed design) and related 
pits to convey flows along both sides of the highway. An existing drainage pipe from 
the downstream end of X6 to Fairy Dell Road is to be plugged and abandoned, with a 
new combined pipe drainage system conveying flows north from the highway corridor 
along the eastern kerbline of Fairy Dell Road. This is to discharge to an upgraded 
piped outlet adjacent to the northern end of the existing cul-de-sac.  

 



Mount Victoria Village Safety Upgrade REF 
Technical Paper - Hydrology 

 PAGE 19 

4.2. Construction impacts 

During construction there is a potential for the drainage lines crossed by the proposal to be partially 
blocked or diverted temporarily due to earthworks and other construction activities. Blocking or 
diversion of local drainage lines may result in localised flooding upstream of the proposal and may 
prevent flows reaching downstream receiving waters. Diversion of drainage lines may also create 
localised areas of flooding and scour. These temporary impacts are expected to be minor and 
would be managed through the implementation of standard construction techniques. 

4.3. Operational impacts 

This section reviews impacts associated with changes to upstream flood levels, downstream peak 
flow rates affecting downstream properties, and any related environmental impacts. It also 
identifies future upgrade considerations due to the potential impact on peak flows of future 
development and climate change. 

 Flood behaviour 4.3.1.

A review of design was undertaken to identify areas that may have a significant impact along the 
highway corridor or downstream environments. Upstream impacts may occur due to increased 
peak flows arriving at the inlet to cross drainage structures or changes in the road’s vertical 
alignment that would alter overflows from the culvert (i.e. alter the headwater level that may result 
in flows over the highway or flow diversion along the highway into another culvert / area). 
Significant changes in downstream peak flow rates can affect downstream properties and / or the 
environment. Such changes would occur where cross drainage capacity is increased, or where 
there is significant increase in road impervious areas. 

The road design changes associated with the proposal represent only a small increase in the 
overall imperviousness of the highway corridor. Table 4-4 summarises the impact of the proposal 
on total catchment area and catchment imperviousness for each of the six drainage lines which 
cross the highway corridor along the length of the proposed upgrade works.  

Changes in peak flow rates due these changes were assessed using DRAINS. Results for selected 
receiving drainage lines for storms with ARIs ranging between 1 and 100 years is provided in 
Appendix C. Note that the locations referred to in Table 4-4 and Appendix C are shown on 
Figures 5.1 to 5.3 in Appendix A. 
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 Table 4-4 Safety upgrade changes in catchment areas and impervious surfaces 

Location 
Identifier 
(1) 

Present Day Conditions Post-Upgrade Conditions 

Total Area Impervious 
Area 

Total Area Difference in Total 
Area (2) 

Impervious 
Area 

Difference in  
Impervious Area(2) 

(ha) (ha) (ha) (ha) (%) (ha) (ha) (%) 

F1.1 1.70 0.55 1.70 0.00 0% 0.57 0.02 4% 

F2.1 0.66 0.22 0.66 0.00 0% 0.27 0.05 25% 

F3.1 7.07 1.06 7.23 0.16 2% 1.61 0.55 52% 

F4.1 7.76 2.23 7.99 0.23 3% 2.56 0.33 15% 

F5.1 5.53 1.49 5.53 0.00 0% 1.53 0.04 3% 

F6.1 2.87 1.15 2.91 0.04 1% 1.48 0.33 28% 
(1) Refer to Figures 5.1 to 5.3 in Roads & Maritime (2013) Drainage Investigation report (Appendix A) for 

reference to Location Identifier. 
(2) Note that a positive value represents an increase in area when compared to present day conditions. 

It was found that upstream flooding impacts would range from negligible to minor for cross 
drainage structures X1, X2, X5. Upstream flooding impacts would decrease and improve for the 
following structures: 

 X3 – Increased peak flows only result in a minor reduction in capacity, and the hydrological 
standard remains in the 5-10 year ARI range. For events larger than 20 year ARI, flows will be 
decreased, as bypass flows from X4 that are currently directed to X3 will be reduced due to the 
upgrade of the piped crossing of Mount Piddington Road. 

 X4 – The recommended size upgrade will increase capacity, increasing the hydrologic 
standard to > 100 year ARI (from 5 – 10 year ARI). 

 X6 – The recommended size upgrade will increase capacity, increasing the hydrologic 
standard to 10 year ARI (from 5 – 10 year ARI). 

It was found that downstream flooding impacts would be minimal for cross drainage structures X2, 
X3, X5. Significant impacts on downstream properties include: 

 X1 – Significant impacts may occur downstream as increased overland peak flows of nine per 
cent (from 0.33 to 0.36 m3/s) for the 100 year ARI may affect a residence on Lot 1 in DP 
1036734. 

 X4 – Significant impacts may occur downstream as peak flows of up to 19 per cent (from 2.27 
to 2.70 m3/s) may pose a risk to existing development in Lot 145 in DP 872202.  

 The hydrologic standard of the existing downstream cross drainage under Harley Avenue, as 
well as the cross drainage under the rail line further to the east, would also be reduced as a 
result of the increase in peak flows along this drainage line. 
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Significant environmental impacts related to hydrology include: 

 X4 –The magnitude of increased peak flows along the drainage line downstream of the culvert 
is also considered to increase the scour potential along its unpiped sections. 

 X6 – There is a risk that the safety upgrade works will result in scouring along the existing 
drainage line that runs through Lot 3 in DP 1140103, located at the northern end of Fairy Dell 
Road near Chainage 17460.  

A summary of impacts is provided in Table 4-5 below. The table also lists recommended additional 
investigations that would be required in detailed design to confirm the drainage impacts. This 
includes a recommendation to investigate a longitudinal culvert that direct flows under Victoria Falls 
Road (designated in the table below as “L” followed by the approximate chainage location) to 
ensure surcharge does not encroach the highway traffic lane. 
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 Table 4-5 Safety upgrade impacts related to drainage structures 
Cross 
drainage ID 

Section Impact of design changes Detailed design recommendations 

X1 1 Impacts range from minimal to significant: 
 Minimal upstream flooding impact as despite increased peak flows arriving at X1, the 

hydrological standard remains > 100 year ARI. 
 Significant impacts may occur downstream as increased overland peak flows of 9% (from 

0.33 to 0.36 m3/s) in the 100 year ARI may pose a risk to an existing residence on Lot 1 
in DP 1036734. 

 Additional survey will be required 
prior in detailed design to confirm the 
configuration of the existing highway 
drainage system downstream (east) 
of the highway in Section 1, in 
particular the full extent of the piped 
drainage line through Lot 1 in DP 
1036734 through to its outlet. 

 Option of reverse footpath crossfall - 
Rather than constructing a new inlet 
pit over the existing stone culvert to 
drain a new section of SO kerb, it is 
recommended that Roads & Maritime 
consider reversing the crossfall on 
the adjacent length of footpath to 
direct runoff away from the highway. 
This would remove the need for SO 
kerb in this area. 

X2 1 Impacts range from minimal to minor: 
 Minor upstream flooding impact, as increased peak flows at X2 due to minor pavement 

widening along the edge of the westbound carriageway (up to 20% for events up to the 
100 year ARI) only reduces hydrological standard slightly, and it remains in excess of 50 
year ARI. 

 Minimal impacts downstream as peak flows which discharge into Lot 1 in DP 1036734 
and that increase by up to 20% for storm events up to the 20 year ARI, represent only a 
small flow magnitude (e.g. about 0.02 m3/s for new 20 year ARI). This means that the 
corresponding increase in flood levels and flow velocities downstream of the highway 
corridor would be negligible. 

 None identified 

L15660 1 Additional information and review required in detailed design to ensure surcharge does not 
encroach the highway traffic lane. 

 Survey of existing piped crossing and 
a short distance along Victoria Falls 
Road is required to assess the 
potential for runoff to surcharge onto 
highway at intersection. 
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Cross 
drainage ID 

Section Impact of design changes Detailed design recommendations 

X3 2 Impacts are minimal: 
 Minimal upstream flooding impact, because while peak flows arriving at X3 would be 

increased for events up to and including 20 year ARI, the hydrologic standard of the 
highway would be subject to only a minor reduction, and remain in the range 5 – 10 year 
ARI. Also, for events > 20 year ARI, peak flows at X3 would be reduced as a result of the 
upgrade of the piped crossing of Mount Piddington Road (Ch16460), which would reduce 
bypass flows that are presently conveyed along the southern kerbline of the GWH to X3. 

 Minimal impacts downstream towards the railway line, because while peak flows increase 
for events up to and including 20 year ARI, peak flows of larger events would be reduced. 
Also, preliminary hydraulic analyses show that the existing downstream 900mm diameter 
piped crossing of the rail line has sufficient capacity to cater for flows up to about 20 year 
ARI without surcharge of the rail line or bypass occurring along its upstream (southern) 
side. On the basis of this assessment, it is concluded that the highway upgrade works will 
not reduce the hydrologic standard of the rail line in this location. 

 During detailed design it will be 
necessary to undertake further 
hydraulic analyses, with the benefit of 
additional survey within the rail 
corridor, to confirm that the 
hydrologic standard of the rail line will 
not be reduced as a result of the 
highway upgrade works. This 
additional survey will need to include 
details of the size and invert levels of 
the adjacent piped crossing of the rail 
line located downstream of X4. 

 

X4 2 Impacts range from minimal to significant: 
 Reduced upstream flood levels as enlarging pipe to 1 x 1050mm RCP will improve the 

hydrologic standard from 5-10 year ARI to > 100 year ARI. 
 Significant impacts may occur downstream as peak flows (north) of the widened highway 

corridor will be increased over the full range of storm events (refer location F4.1 on Figure 
5.2 in Appendix A). For the 100 year ARI event, the increase in peak flow is around 19% 
(from 2.27 to 2.70 m3/s). For more frequent events, the increase in peak flows is smaller, 
down to around 10% for the 2 year ARI (from 0.50 to 0.55 m3/s). As a result, there is a 
risk that existing development in Lot 145 in DP 872202 will be adversely impacted upon 
by the safety upgrade works.  

The hydrologic standard of the existing downstream cross drainage under Harley Avenue, as 
well as the cross drainage under the rail line further to the east, would also be reduced as a 
result of the increase in peak flows along this drainage line (refer locations F4.2 and F4.3 on 
Figure 5.2 in Appendix A, respectively). 

An increase in peak flows of this magnitude is also considered to increase the scour potential 
along unpiped sections of the existing drainage line where it runs downstream of the highway 
corridor. 

 Refer to recommendations in 
Section 5. 

X5 2 Impacts are minimal: 
 Minimal upstream flooding impact, as the change in peak flows arriving at X5 is 

considered to have negligible impact on the hydrologic standard (50-100 years). 

• None identified. 
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Cross 
drainage ID 

Section Impact of design changes Detailed design recommendations 

 Minimal impacts downstream as peak flows at the outlet of X5 would be increased by a 
maximum of 5% for storms up to 1 year ARI, with smaller impacts identified for larger, less 
frequent events (e.g. an increase of only 1% for the 100 year ARI). The impact on the 
hydrologic standard of the piped drainage system downstream (north) of the GWH is 
considered to be negligible. 

X6 3 Impacts range from minimal to significant: 
 Minimal upstream flooding impact, as increasing the size of the X6 piped crossing 

increases the hydrologic standard to a 10 year ARI (from 5-10 year ARI). 
 Downstream impacts are significant as flows that are piped along Fairy Dell Road and are 

discharged into a drainage line in Lot 3 in DP 1140103 will have peak flows that are 
increased over the full range of storm events (refer to location F6.1 on Figure 5.3 – Sheet 
2 of 2 in Appendix A). For the smaller, more frequent events around 1 and 2 year ARI, 
the increase in peak flows is about 40%. Impacts are smaller for the larger less frequent 
events (e.g. an increase of a maximum of 6% for ARI’s greater than 20 years). Although 
there is no existing development downstream of the outlet that is at risk of flooding, an 
increase in peak flows of this magnitude, in particular for events up to about 2 year ARI 
which are associated with morphologic activity in natural streams, is likely to result in 
scouring along the receiving drainage line.  

 Refer to recommendations in 
Section 5. 
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 Future development 4.3.2.

Increased future development in the catchments upstream of the road corridor could result in 
greater peak flood flows and volumes arriving at cross drainage structures due to increased 
imperviousness in the catchments. 

For the catchments which lie upstream of the GWH, the predominately low density residential area 
is largely developed with a limited number of undeveloped lots, especially in Sections 2 and 3 
where the largest drainage impacts are estimated to occur. It is assumed that future development 
within the upstream catchments in the study area will incorporate measures which will control the 
rate of flow discharging to the highway corridor to no larger than present day conditions. Therefore 
no adjustment of design flows was made for a future catchment development scenario. 

 Climate change 4.3.3.

It is widely considered that climate change will have an impact on all aspects of the hydrologic 
cycle. Climate change is expected to have adverse impacts upon sea levels and rainfall intensities, 
both of which may have significant influence on flood behaviour at specific locations. For sub-daily 
timescales, rainfall extremes are predicted to increase in intensity, however there is still 
considerable uncertainly in the magnitude of increase (Westra, 2011). The NSW Floodplain 
Development Manual (2005) recommends that the impacts of climate change, including increased 
rainfall intensity should be analysed as part of a flood study either qualitatively or by using 
sensitivity analysis. 

Increase in rainfall intensities cause greater peak flow for a given design flood event, resulting in a 
reduced hydrologic standard and therefore reduced flood immunity of the road. For the purpose of 
the present investigation, climate change induced impacts on future flood behaviour was 
considered only for the sizing of the upgraded cross drainage structure X4 at Ch16490. In this 
case, the design 100 year ARI peak flow was increased by 10 per cent relative to present day 
conditions to cater for a potential future increase in rainfall intensities. It was found that the 
recommended 1 x 1050mm RCP (to replace existing 1 x 600mm RCP) size was required for both 
the current climate and the 10% rainfall increase scenario. 
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5. Safeguards and management measures 
5.1. Construction measures 

General safeguards and management measures that would be applied during the construction 
phase of the proposal would include: 

 Site facilities, machinery and material stockpiles should be located well away from identified 
overland flow paths and drainage lines. 

 Diversion bunds would be used to manage external catchment flows around the construction 
works and appropriately discharge them to receiving waters.  

 Spoil material should be disposed of appropriately off-site. 

5.2. Operational measures 

Table 5-1 below summarises the safeguards and management measures to mitigate the potential 
impacts associated with hydrology and flooding. Recommendations of work to undertake during or 
prior to detailed design is also provided in the descriptions. 

Roads & Maritime will also need to undertake further design development to confirm the size and 
location of pits, pipes and catch drains identified in the drainage strategy. As the catch drains will 
require the road works to extend beyond the footprint of Roads & Maritimes’ current concept road 
design model, this may have implications for land acquisitions and/or easements where works will 
extend outside the existing highway corridor. 
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 Table 5-1 Summary of safeguards and management measures to mitigate the potential impacts associated with hydrology 
and flooding 

Impact Environmental safeguards Responsibility Timing 

Potential blockages, diversions or 
erosion of waterways or drainage 
lines 

Drainage structures would be designed to convey flows under the proposal with 
consideration of appropriate blockage factors and overflow/diversion routes. 

The proposed safety upgrade works are not considered to increase the risk of blockage of 
existing cross drainage structures. Partial blockage assessment was not reviewed as part of 
this Concept Design. Review if blockage assessment is required in the detailed design. 

In the field it was observed that stones protruding into the X1 culvert barrel in its lower half 
reduced the effective waterway area of the cross drainage structure by about 50%. Regular 
maintenance, which may require higher frequency at more susceptible sites and /or after 
large events will reduce probability of blockage, and therefore flooding. 

Appropriate energy dissipation and scour protection measures would be implemented at 
drainage structures during construction. 

Roads & 
Maritime and 
construction 
contractor 

Detailed design and 
construction 

Increased extreme rainfall events 
due to climate change, decreasing 
culvert capacity ARI 

As necessary, further flood modelling assessment of potential climate change impacts would 
be undertaken during the detailed design. 

Roads & 
Maritime 

Detailed design 

Generally increased peak flows 
downstream of X1 for all events 
up to and including 100 year ARI 
may affect the nearby residence 
on Lot 1 in DP 1036734. 

New surcharge pit - To ensure that downstream overland flows near the residence on Lot 1 
in DP 1036734 are not increased the existing ungrated informal pit immediately east of the 
highway should be replaced with a new grated surcharge pit set 200 mm above existing 
ground levels. The new pit would allow the existing 375 mm piped drainage line through Lot 
1 in DP 1036734 to be primed by an additional 200 mm head, effectively increasing the 
piped capacity and reducing surcharge for all events up to and including 100 year ARI. 
These works would also formalise the existing drainage system in this area and reduce the 
potential for blockage of the pit through provision of a raised grating. Localised regrading 
would also be required to tie in ground levels to the top of the new surcharge pit. Note that 
all works in this location would be able to be undertaken within the existing highway corridor. 

Additional survey – will be required prior to detailed design to confirm the configuration of 
the existing highway drainage system downstream (east) of the highway in Section 1, in 

Roads & 
Maritime 

Detailed design as 
well as survey prior 
to detailed design 
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Impact Environmental safeguards Responsibility Timing 

particular the full extent of the piped drainage line through Lot 1 in DP 1036734 through to 
its outlet. 

X4 downstream peak flows will 
increase over the full range of 
storm events. This increases the 
risk that existing development in 
Lot 145 in DP 872202 will be 
adversely impacted upon by the 
safety upgrade works.  

The hydrologic standard of the 
existing downstream cross 
drainage under Harley Avenue, as 
well as the cross drainage under 
the rail line further to the east, 
would also be reduced as a result 
of the increase in peak flows along 
this drainage line. 

An increase in peak flows of this 
magnitude is also considered to 
increase the scour potential along 
unpiped sections of the 
downstream drainage line. 

X4 scour measures - Appropriate energy dissipation and scour protection measures would 
be required at the new upgraded X4 piped outlet. 

New detention basin - Due to downstream impacts, a detention basin is recommended. 
The preferred basin location lies within Lot 3 in DP 654036 adjacent to the new eastbound 
carriageway of the GWH, which is currently vacant and understood to be owned by BMCC 
(refer Figure 5.2 in Appendix A for location).  

Preliminary sizing estimates a footprint of 240m2 (max 1.0m for 100 year ARI), based on 
volume equal to 30% of the total volume of runoff generated by a 100 year ARI storm of 120 
minutes (assumed to provide sufficient capacity to attenuate flood flows). Owing to the 
steepness of the terrain , vertical walls using reinforced block or concrete wall type 
construction are assumed. Key features include: 

 A low flow diversion pit which directs runoff generated by frequent storm events through 
a GPT before flows enter the basin. 

 Vehicular access into the basin for maintenance purposes (assumed to be 4m wide, 
located in Appendix A, Figure 5.2 immediately north of the widened highway);  

 A flood storage which will temporarily contain up to about 240 m3 of stormwater runoff 
from the upgraded highway corridor, as well as the upslope developed catchment 
extending south along Hooper Street, prior to it discharging to the downstream drainage 
system. 

 A flow control structure which will limit peak flows discharging to the downstream 
drainage system for storms of up to 100 year ARI. 

Note that it would also be feasible to configure the proposed basin to incorporate provision 
for additional stormwater treatment (e.g. biofiltration) and/or spill containment storage should 
this functionality be required (refer to REF Water Quality technical paper for further 
discussion related to water quality control measures). 

Roads & 
Maritime 

Detailed design as 
well as survey prior 
to detailed design 
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Impact Environmental safeguards Responsibility Timing 

Further investigation - Whilst it may be feasible to construct an earth embankment type 
basin on the proposed site, the basin footprint would be much larger than for an equivalent 
vertical wall type owing to the steepness of the terrain and the resulting width of 
embankment batter slopes that would be required. However, the potential cost savings 
associated with this option mean that it warrants further investigation during detailed design 
of the safety upgrade works. 

Detailed flood study - As part of detailed design it will also be necessary to carry out a 
detailed flood study investigation to demonstrate that the safety upgrade works (including 
the detention basin) will not have an adverse impact on existing development and 
infrastructure downstream of the widened highway corridor.   

Additional ground survey - within Lot 3 in DP 654036 and along the drainage line 
immediately to its east, extending downstream (north) to the rail line, will be required to 
support this investigation and to size and configure the detention basin and its inlet and 
outlet arrangements.  

Geotechnical investigation - to assess subsurface conditions and confirm suitable design 
parameters for basin foundation treatments would also be required. 

X6 downstream flows that are 
piped along Fairy Dell Road and 
are discharged into a drainage line 
in Lot 3 in DP 1140103 will have 
peak flows that are increased over 
the full range of storm events. 
Although there is no existing 
development downstream of the 
outlet that is at risk of flooding, an 
increase in peak flows of this 
magnitude, in particular for events 
up to about 2 year ARI which are 

Three scour reduction options – Whilst the construction of an appropriately sized energy 
dissipation structure at the upgraded piped outlet would partially offset the increase in scour 
potential immediately downstream of the piped outlet, recent experience on similar highway 
upgrade projects in the Blue Mountains shows that such measures in isolation are unlikely to 
be sufficient to avoid scour-related impacts. Therefore three options have been identified: 

A) Construct minor stormwater detention basin as well as energy dissipation structure at 
upgraded piped outlet;  

B)  Extend new piped drainage system along Fairy Dell Road to base of slope adjacent to 
Sydney Water pumping station facility, where the gradient is not as steep. Then construct 
new drainage channel from piped outlet to existing drainage line. 

C) Construct piped drainage systems from upgraded highway down both Burwood Road and 

Roads & 
Maritime 

Prior to detailed 
design 
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Impact Environmental safeguards Responsibility Timing 

associated with morphologic 
activity in natural streams, is likely 
to result in scouring along the 
receiving drainage line. 

Fairy Dell Road. Then construct energy dissipation structures at both piped outlets. 

Further discussion - Given the substantial scope of works involved in all three options, as 
well as their potential environmental and property-related impacts, it is recommended that 
further discussion is held with Roads & Maritime in order to finalise the preferred strategy for 
managing stormwater generated on the upgraded length of the GWH within Section 3. 
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6. Conclusion  
A hydrologic and hydraulic assessment has been undertaken to assess existing conditions and the 
potential impact of the proposal on watercourses and drainage lines from a flow quantity 
perspective. Where impacts may be significant, mitigation measures have been recommended and 
future design requirements identified. 

The hydrologic standards of six existing cross drainage structures located along the length of the 
proposal vary substantially. Three were classified as 5-10 year ARI, two were classified as 50-100 
year ARI and one was greater than 100 year ARI. The hydraulic standard of the longitudinal 
drainage culvert under the intersection at Victoria Falls Road was not assessed as part of this 
review, and it is recommended that it be surveyed and assessed as part of the detailed design to 
ensure surcharge does not flow into the trafficable lane of the highway. 

Roads & Maritime has indicated that due to the relatively minor nature of the proposal through 
Mount Victoria Village, upgrade of all existing cross drainage structures along the proposal is not 
required. However, it is recommended that the following two existing cross drainage structures are 
upgraded due to the larger scope of the proposal in: 

 Section 2 – upgrade to a 1050 millimetre diameter cross drainage structure at Chainage 16490 
(X4), between Mount Piddington Road and Hooper Street. This would increase hydrological 
capacity from 5-10 year ARI to greater than 100 year ARI. 

 Section 3 – upgrade to a 600 millimetre diameter cross drainage structure at Chainage 17370 
(X6), east of Fairy Dell Road. The new pipe will form part of the pavement drainage system and 
would increase hydrological capacity from 5-10 year ARI to 10 year ARI, which is consistent 
with the proposed pavement drainage design criteria. 

For the purpose of the present investigation, climate change induced impacts on future flood 
behaviour was considered only for the sizing of the upgraded cross drainage structure X4 at 
Ch16490. In this case, the design 100 year ARI peak flow was increased by 10 per cent relative to 
present day conditions to cater for a potential future increase in rainfall intensities.  

A review of future development in the area indicated that limited development capacity exists in the 
catchments upstream of the cross drainage structures, and it is assumed that any such 
development will incorporate measures which will control the rate of flow discharging to the 
highway corridor to no larger than present day conditions. Therefore no adjustment in the sizing of 
drainage structures was required for a future catchment development scenario. 

The impact of the proposal on peak flows in receiving drainage lines will generally be minor, with a 
few exceptions. These exceptions include potential significant impacts to properties in: 

 Section 1 – increased downstream peak flows from cross drainage structure at Chainage 
15530 (X1), south of Victoria Falls Road, may affect the nearby residence on Lot 1 in DP 
1036734. 
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 Section 2 – increased downstream peak flows from cross drainage structure X4 increases the 
risk that existing development on Lot 145 in DP 872202 will be adversely impacted.  Hydrologic 
standards of downstream cross drainage structures at Harley Avenue and the Main Western 
Rail Line would also be reduced. 

Significant identified environmental impacts may occur in: 

 Section 2 – The magnitude of increased peak flows along the drainage line downstream of the 
X4 culvert is also considered to increase the scour potential along its unpiped sections. 

 Section 3 – Increased peak flows downstream of X6 discharge into a drainage line on Lot 3 in 
DP 1140103 and will likely result in scouring along the receiving drainage line.  

The key recommendations of this assessment include: 

 New surcharge pit downstream of X1 in Section 1 - To ensure that downstream overland 
flows near the residence on Lot 1 in DP 1036734 are not increased. Additional survey required 
prior to detailed design has also been identified. 

 Upgraded X4 and X6 culverts in Sections 2 and 3 – To manage increased runoff from the 
larger scope of works in these sections. Appropriate energy dissipation and scour protection 
measures would be required at the new upgraded outlets would also be required. 

 New detention basin in section 2 downstream of X4 - To minimise the impact of the project 
on flooding adjacent to existing development and infrastructure downstream of the highway 
corridor between Hooper Street and Mount Piddington Road, it is recommended that a 
stormwater detention basin form part of the drainage strategy for the safety upgrade project. 
The preferred basin location lies within Lot 3 in DP 654036 adjacent to the new eastbound 
carriageway of the Great Western Highway, near Chainage 16500. Owing to the steepness of 
the terrain, vertical wall construction is assumed. However, the potential cost savings 
associated with an earth embankment type basin mean that it warrants further investigation 
during detailed design of the safety upgrade works. 

 As part of detailed design it will also be necessary to carry out a detailed flood study 
investigation to demonstrate that the safety upgrade works (including the detention basin) will 
not have an adverse impact on existing development and infrastructure downstream of the 
widened highway corridor. Additional ground survey data and a geotechnical investigation 
would also be required.  

 Scour reduction options in section 3 downstream of X6 – To mitigate the risk of scouring 
along the existing drainage line that runs through Lot 3 in DP 1140103, located at the northern 
end of Fairy dell Road, the need for additional scour reduction is recommended. Three options 
have been identified: 

– A) Near Lot 3 in DP 1140103 construct a minor stormwater detention basin as well as 
energy dissipation structure at upgraded piped outlet;  
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– B)  Extend a new piped drainage line along Fairy Dell Road to base of slope adjacent to 
Sydney Water pumping station facility, where the gradient is not as steep. Then construct 
new drainage channel from piped outlet to existing drainage line. 

– C) Construct piped drainage line from upgraded highway down both Burwood Road and 
Fairy Dell Road. Then construct energy dissipation structures at both piped outlets. 

 Further discussion – Given the substantial scope of works involved in all three options, as 
well as their potential environmental and property-related impacts, it is recommended that 
further discussion is held with Roads & Maritime in order to finalise the preferred strategy for 
managing stormwater generated on the upgraded length of the GWH within Section 3 that 
discharge into X6. 
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S1 SUMMARY OF KEY FINDINGS AND RECOMMENDATIONS 

 

An investigation was carried out by Lyall & Associates Consulting Water Engineers on behalf of 

the NSW Roads and Maritime Services (RMS) to assess requirements for the control of 

stormwater runoff along a 2.2 kilometre length of the Great Western Highway (GWH) where it 

runs through Mount Victoria Village (MVV).  Figure 1.1 shows the extent of the proposed MVV 

Safety Upgrade Project.  This report deals with issues relating to both the construction and 

operational phases of the proposed highway upgrade. 

 

Figures 5.1 to 5.3 show the layout of the cross and pavement drainage lines comprising the 

recommended drainage strategy for the safety upgrade project.  Further description of the works 

comprising the recommended drainage strategy is provided in Chapter 5. 

 

Figures 6.1 to 6.3 show key elements of the recommended strategy to control erosion and 

sediment-laden runoff during construction of the safety upgrade. 

 

Present Day Conditions 

 

The key findings of the investigation as they relate to present day conditions were as follows:  

 The hydrologic standard of existing cross drainage located along the length of the 

proposed safety upgrade works through MVV varies substantially, with surcharging of the 

existing highway expected to occur during storms with average recurrence intervals 

(ARI’s) ranging between about 5 and 100 years . 

 It will be necessary for RMS to undertake additional survey to confirm details of existing 

piped drainage systems located downstream of the highway corridor prior to commencing 

detailed design of the safety upgrade works. 

 There are no existing water quality control measures along the route of the proposed 

safety upgrade. 

 
Post Highway Upgrade Conditions – Operational Phase 
 
The key findings and recommendations of the investigation as they relate to the operational 
phase of the project were as follows: 
 
Cross Drainage 
 

 Upgrade of existing cross drainage systems was generally not considered as part of the 

concept drainage strategy, as the substantial extent of works that would typically be 

required to install larger capacity pipes or culverts across the highway corridor is not 

consistent with the relatively minor works proposed as part of the safety upgrade project.  

However, measures have been recommended to improve the hydrologic standard of the 

GWH in the following two locations due to the larger scope of proposed highway upgrade 

works in these areas: 

o Cross Drainage Structure X4 at Design Road Chainage (DRC) 16490, between 

Mount Piddington Road and Hooper Street (refer Figure 5.2); and 

o Cross Drainage Structure X6 at DRC 17370, east of Fairy Dell Road (refer 

Figure 5.3 – Sheet 2 of 2). 
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Pavement Drainage 
 

 Stormwater runoff from the realigned and widened sections of highway pavement, and 

from the new length of service road between Cecil Road and Mount Piddington Road, will 

be controlled by new and upgraded piped pavement drainage systems along the highway 

corridor. 

 Existing drainage patterns along the remainder of the highway corridor will generally be 

maintained as part of the safety upgrade.  The impact of the proposed upgrade works on 

peak flows in receiving drainage lines will generally be minor, and will not contribute to an 

increased risk of flooding in adjacent development, nor to an increased risk of scour along 

these drainage lines. 

 In order to minimise the impact of the project on flooding adjacent to existing 

development and infrastructure downstream of the highway corridor between Hooper 

Street and Mount Piddington Road, it is recommended that a stormwater detention basin 

form part of the drainage strategy for the safety upgrade project.  The preferred basin 

location lies within Lot 3 in DP 654036 adjacent to the new eastbound carriageway of the 

GWH near DRC 16500 (refer Figure 5.2). 

Details of the proposed stormwater detention basin, as well as a number of other features 

of the concept drainage strategy, are contained in Section 5.3 of this report. 

 There is a risk that the safety upgrade works will result in scouring along the existing 

drainage line that runs through Lot 3 in DP 1140103, located at the northern end of Fairy 

Dell Road near DRC 17460 (refer Figure 5.3 – Sheet 2 of 2).  Three possible options to 

reduce the degree of scour that will occur following construction of the road works have 

been identified (refer Figure 5.3 – Sheet 2 of 2).  Further details of these options are 

contained in Section 5.3 of this report. 

Given the substantial scope of works involved in all three options, as well as their 

potential environmental and property-related impacts, it is recommended that further 

discussion is held with RMS in order to finalise the preferred strategy for managing 

stormwater generated on the upgraded length of the GWH at the western end of the 

project. 

 
Water Quality 
 

 The road upgrade works, which generally involve minor widening of exis ting highway 

pavement, represent only a minor change to the existing characteristics of the catchments 

through which the GWH passes.  Opportunities for the treatment of stormwater runoff 

captured by new and upgraded pavement drainage systems are also limited by both 

space and terrain constraints and by the configuration of existing highway drainage 

systems. 

 Subject to the findings of the environmental assessment process, the recommended 

drainage strategy incorporates measures to minimise the impact of the safety upgrade 

works within the Sydney Catchment Authority’s drinking water catchment. 

 There is also an opportunity to incorporate provision for stormwater treatment and/or spill 

containment storage within the proposed stormwater detention basin at DRC 16500 

should this be desired by RMS. 
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Post Highway Upgrade Conditions – Construction Phase 
 
The key findings and recommendations of the investigation as they relate to the construction 
phase of the project were as follows: 

 Large scale sediment retention basins do not necessarily need to form part of the Soil 

and Water Management Plan (or similar) for the road upgrade project in order to comply 

with the guidelines set out in “Soils and Construction – Managing Urban Stormwater” 

Volume 1 (Landcom, 2004) and Volume 2D (DECC, 2008).  Rather, it is recommended 

that localised erosion and sediment control measures, including temporary sediment 

sumps where practicable, form the basis of the erosion and sediment control strategy that 

will need to be developed as part of final design and/or construction documentation for 

the safety upgrade works. 

 It is, however, noted that there is also an opportunity to utilise the proposed stormwater 

detention basin at DRC 16500 as a temporary sediment retention basin during the 

construction phase of the safety upgrade works. 
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1 INTRODUCTION 

 

1.1 Background 

 

Roads and Maritime Services (RMS) is currently developing a concept design for proposed safety 

upgrade works along a 2.2 km length of the Great Western Highway (GWH) where it runs through 

Mount Victoria Village (MVV).  Figure 1.1 shows the extent of the proposed safety upgrade 

works, which are located wholly within the Blue Mountains City Council (BMCC) local government 

area (LGA).  The proposed upgrade works will be undertaken in three separate sections as 

indicated on Figure 1.1. 

 

The objective of the present investigation was to undertake an assessment of drainage 

requirements associated with the GWH upgrade (both during the construction and operational 

phases of the highway upgrade), and to prepare preliminary designs for the upgrade of existing 

road drainage systems.  This work will inform further development of the concept road design and 

preparation of an environmental assessment for the upgrade works. 

 

Catchment modelling using the DRAINS rainfall-runoff software was undertaken to define peak 

flood flows arriving at the highway corridor at the locations of existing cross drainage.  The 

DRAINS model was also used to investigate the impact that the proposed safety upgrade works 

would have on peak flows in existing drainage lines downstream of the GWH, and to assist in the 

development of a strategy for discharging runoff from the upgraded sections of highway to these 

receiving drainage lines. 

 

The DRAINS model was also used to assess the capacity of existing cross drainage structures 

along the route of the highway upgrade, and to investigate potential upgrade of selected 

structures. 

 

1.2 Study Tasks 

 

The study tasks were broadly as follows: 

 Site inspection to ground-truth existing drainage arrangements, confirm additional survey 

requirements and identify relevant site constraints.  A survey brief was subsequently 

prepared setting out additional requirements for RMS’ surveyors.  

 Review of available data and current road designs along the route of the proposed safety 

upgrade works. 

 Hydrologic analysis of catchments upstream of the highway corridor to determine peak 

flow rates approaching existing cross drainage along the route.  Hydrologic modelling also 

included catchments which lie downstream of the highway corridor so that impacts on 

peak flow rates as a result of the safety upgrade works could be determined along the 

receiving drainage lines. 

 Hydraulic analyses of existing cross drainage structures along the GWH to determine the 

current hydrologic standard of these crossings. 
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 Develop a strategy for discharging runoff from the upgraded pavement drainage system 

aimed at mitigating the impacts of the safety upgrade works on existing development.  A 

concept layout for the new pavement drainage system was developed to show the 

indicative location of inlet pits and piped drainage lines that will be required to capture 

and convey runoff from the upgraded section of the GWH to receiving drainage lines.  

Opportunities for the treatment of stormwater runoff captured by the  upgraded pavement 

drainage system, and for the provision of spill containment measures, were also 

assessed. 

 Develop a strategy to control erosion and sediment-laden runoff during construction of the 

highway upgrade. 

 

1.3 Outline of Report 

 

Section 2 of this report provides a description of the catchments which presently contribute 

runoff to existing highway drainage systems along the length of the GWH to be upgraded.  A brief 

description of these existing drainage systems is also provided.  Appendix A contains several 

photographs that show elements of the existing drainage system and receiving drainage lines. 

 

Section 3 contains an overview of the methodology and findings of an investigation undertaken 

to assess peak flow rates at key locations along the length of the road upgrade works under 

present day conditions.  This section also presents the findings of an investigation which was 

carried out to assess the hydrologic standard of existing cross drainage along the GWH. 

 

Section 4 provides a brief description of the proposed safety upgrade works. 

 

Section 5 presents the recommended strategy for managing runoff along the upgraded sections 

of the GWH and for its discharge into receiving drainage lines.  This section also deals with the 

impact the safety upgrade works will have on drainage patterns along the length of the  highway 

corridor.  As part of the concept drainage strategy developed for the safety upgrade works, it is 

recommended that a new stormwater detention basin be constructed to mitigate the impact of the 

roadworks on existing development and infrastructure downstream of the highway corridor.     

Appendix B contains drawings showing details of a similar basin constructed as part of the GWH 

upgrade at Lawson. 

 

Section 6 provides a summary of the approach adopted in developing an erosion and sediment 

control strategy for the construction phase of the safety upgrade works. This includes preliminary 

advice in relation to requirements for temporary sediment retention basins and local erosion and 

sediment control measures along the length of the safety upgrade.   Appendix C contains a table 

that summarises the estimated average annual soil loss from disturbed areas along the length of 

the highway corridor, and was used to assist in the development of the erosion and sediment 

control strategy. 

 

Section 7 contains a list of references used during the course of the investigation.  

 

1.4 Available Data 

 

The following data were made available by RMS for the present investigation: 

 Aerial photography covering the study area. 
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 Airborne laser scanning (ALS) survey data covering the study area.  

 Detailed ground survey information along the route of the proposed highway upgrade 

works, as well as detailed survey of a number of existing piped drainage systems located 

both within and downstream of the highway corridor. 

 Concept road design models for the various sections of proposed highway upgrade 

works. 

 GIS datasets including property boundary information and regional ground contour data. 
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2  CATCHMENT DESCRIPTION 

 

2.1 General 

 

This section of the report contains a description of existing road drainage systems along the 

length of the GWH to be upgraded.  A brief description of the catchments which presently 

contribute runoff to these road drainage systems is also provided.  1 

 

Figure 2.1 shows the location of existing cross drainage structures, drainage lines and other key  

features along the route of the proposed road upgrade, and should be referred to when reading 

this section of the report. 

 

Table 2.1 provides a summary of the six existing cross drainage structures which are located 

along the route of the proposed safety upgrade.  These structures are located on the six main 

drainage lines which cross the highway corridor in the vicinity of MVV. 

 

TABLE 2.1 

DETAILS OF EXISTING CROSS DRAINAGE 
 

Ref. 

Design 

Road 

Chainage 

Location 

Pipe / Culvert 

Dimensions 

(mm) (1) 

Catchment 
Area 

(ha) 

Description of Receiving 

Environment (2) 

X1 15530 

120 m south of 

Victoria Falls 

Road 

1 off 600 x 600 

stone culvert 
1.4 

Discharges to piped drainage system that runs 

east through Lot 1 in DP 1036734 (refer 

Plate 2). Drains to tributary arm of Boyce Gully, 

and ultimately to the Grose River. 

X2 15590 

60 m south of 

Victoria Falls 

Road 

1 off 375 RCP 0.6 

Discharges to informal vegetated drainage line 

that runs east through Lot 1 in DP 1036734 

(refer Plate 4). Drains to tributary arm of Boyce 

Gully, and ultimately to the Grose River. 

X3 16170 
140 m east of 

Harley Avenue 
1 off 600 RCP 7.1 

Discharges to informal vegetated drainage line 

that runs north-east towards rail line (refer 

Plate 6), with piped crossing under rail line. 

Drains to tributary arm of the Grose River. 

X4 16490 

40 m west of 

Mount 

Piddington 

Road 

1 off 600 RCP 7.7 

Discharges to vegetated drainage line (refer 

Plate 7) and piped drainage system that run 

north-east along existing easement to rail 

line, with piped crossing under rail line. 

Drains to tributary arm of the Grose River. 

X5 16780 

120 m east of 

Kanimbla 

Valley Road 

1 off 600 RCP 5.5 

Discharges to BMCC piped drainage system 

that runs north-east through Mount Victoria 

Memorial Park. Drains to Fairy Dell Creek, 

and ultimately to the Coxs River. 

X6 17370 
40 m east of 

Fairy Dell Road 
1 off 450 RCP 2.3 

Discharges to BMCC piped drainage system 

that runs north along Fairy Dell Road.  Piped 

drainage system outlets to tributary arm of 

Fairy Dell Creek (refer Plate 12), and 

ultimately drains to the Coxs River. 

(1) RCP = Reinforced Concrete Pipe   (2) Refer Appendix A for plates. 

                                                      
1 Note that for the purpose of this report, the locations of key features are identified by their position along 

the GWH as defined by its Design Road Chainage (DRC). 
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Appendix A contains several photographs that show elements of the existing drainage system 

and receiving drainage lines along the length of highway to be upgraded, and references to these 

photographs are contained in the following sections (and Table 2.1) where appropriate. 

 

2.2 Catchment Overview 

 

The 2.2 km length of the GWH along which the safety upgrade works will be undertaken runs 

through the catchment headwaters of two major river systems, namely the Grose River and Coxs 

River, both of which form part of the larger Hawkesbury-Nepean River system.  A ridge that runs 

generally north-south along Station Street, extending north along the Darling Causeway, forms 

the catchment divide between these two systems (refer Figure 2.1). 

 

To the east of the ridge, the highway corridor is located within the headwaters of the Grose River 

catchment.  Section 1 of the highway upgrade works drain generally to the north-east toward an 

unnamed tributary arm of Boyce Gully, which ultimately feeds into the Grose River via Victoria 

Brook and Victoria River.  Section 2 of the upgrade works drain generally to the north-east 

toward two unnamed tributary arms of the Grose River (denoted Tributary A and Tributary B on 

Figure 2.1) in the very upper reaches of its catchment.  The receiving watercourses for both 

Sections 1 and 2 are located within the Blue Mountains National Park. 

 

To the west of the ridge, the highway corridor is located within the headwaters of the Coxs River 

catchment, which forms part of the larger catchment of Lake Burragorang that is impounded by 

Warragamba Dam.  The catchment therefore lies within the Sydney Catchment Authority’s 

(SCA’s) Drinking Water Catchment.  Section 3 of the highway upgrade works drain generally to 

the north towards the main arm and an unnamed tributary of Fairy Dell Creek, which ultimately 

feed into the Coxs River via Kerosene Creek and the River Lett.  

 

Surrounding land use along the sections of highway to be upgraded is predominantly low density 

residential development, interspersed with areas of bushland and grassed open space.  The Main 

Western Rail Line is located in close proximity to the eastern end of the highway upgrade works, 

crossing under the GWH between Sections 1 and 2. 

 

The prevailing terrain is relatively steep through Sections 1 and 2, with typical grades in the 

order of 10 to 20 per cent for land adjoining the highway corridor.  West of Station Street (i.e. 

through Section 3) the terrain flattens out to some extent, with typical grades less than 5 per cent 

for areas both upslope and along the highway corridor. However, the terrain falls away steeply to 

the north (i.e. downstream) of the highway. 

 

There are no major creek crossings along this section of the GWH as it is located relatively high 

in the headwaters of the Grose River and Coxs River catchments.  The following section provides 

a more detailed description of existing highway drainage systems, including a number of minor 

piped crossings, along the length of the proposed safety upgrade works. 

 

2.3 Existing Highway Drainage Systems 

 

The following sections provide a brief description of existing highway drainage systems that are 

located along the route of the safety upgrade works. 
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2.3.1 Section 1 Works 

 

There are two existing cross drainage structures along the GWH within Section 1, both of which 

drain to a tributary arm of Boyce Gully and, ultimately, to the Grose River. 

 

Cross Drainage Structure X1 

 

Cross drainage structure X1 is located at DRC 15530 and comprises a 600 mm wide by 600 mm 

high stone culvert.  RMS has indicated that the culvert has potential heritage value due its age, 

type of construction and reasonably good condition.  The culvert controls runoff from a 1.4 ha 

catchment located along the western side of the GWH, bounded to the east by the rail line (refer 

catchment C1).  The culvert also receives flows which bypass the inlet of cross drainage structure 

X2 (refer next section), which is located approximately 60 m to the north at DRC 15590.  In the 

field it was observed that stones protruding into the culvert barrel in its lower half reduce the 

effective waterway area of the cross drainage structure by about 50 per cent.  

 

Flows which surcharge the inlet of cross drainage structure X1 will flow over the highway at the 

sag in the highway corridor approximately 30 m to the south. 

 

On the eastern side of the GWH, flows discharging from the stone culvert join flows discharging 

from a second minor piped drainage line running north along the highway corridor at an ungrated, 

informal inlet pit (refer Plate 1).  Combined flows are then piped to the east through Lot 1 in 

DP 1036734 via a 450 mm diameter pipe.  Flows which surcharge from the pit are conveyed 

overland in close proximity to the existing residence on this property (refer Plate 2). 

 

Cross Drainage Structure X2 

 

Cross drainage structure X2 at DRC 15590 comprises a single 375 RCP.  The structure controls 

runoff from a 0.6 ha catchment which includes much of the existing highway pavement extending 

north to around DRC 15800 (refer catchment C2).  Flows which surcharge the existing ungrated 

inlet pit (refer Plate 3) will flow south across the adjacent rail corridor access track towards the 

inlet of cross drainage structure X1. 

 

Cross drainage structure X2 discharges on the eastern side the highway to an informal vegetated 

drainage line that tracks east across the northern portion of Lot 1 in DP 1036734 (refer Plate 4). 

 

2.3.2 Section 2 Works 

 

There are two existing cross drainage structures along the GWH within Section 2, both of which 

drain to the Grose River via two minor tributary arms (denoted Tributary A and Tributary B on 

Figure 2.1). 

 

Cross Drainage Structure X3 

 

Cross drainage structure X3 is located at DRC 16170 and comprises a single 600 RCP.  The 

structure controls runoff from a 7.1 ha catchment located along the southern side of the highway 

corridor, extending as far south as Apex Avenue (refer catchment C3).  The structure also 

receives flows which bypass the inlet of a 375 mm diameter piped crossing of Mount Piddington 

Road immediately south of its intersection with the GWH near DRC 16460, which are conveyed 

along the southern side of the highway over a distance of around 290 m. 
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A sag is located in the highway immediately to the east of cross drainage structure X3.  Flows 

which surcharge the grated pit at the inlet of the cross drainage (refer Plate 5) will flow over the 

highway at the location of the adjacent sag point. 

 

Cross drainage structure X3 discharges to an informal vegetated drainage line that flows north-

east across vacant land within the adjacent rail corridor (refer Plate 6).  Flows are conveyed 

under the rail line via a single 900 RCP, before discharging to an unnamed tributary of the Grose 

River (refer Tributary A on Figure 2.1). 

 

Cross Drainage Structure X4 

 

Cross drainage structure X4 is located at DRC 16490 and comprises a single 600 RCP.  The 

structure controls runoff from a 7.7 ha catchment located along the southern side of the GWH 

(refer catchment C4).  A sag is located in the highway immediately to the east of cross drainage 

structure X4.  Flows which surcharge the inlet of the cross drainage will flow over the highway at 

the location of the adjacent sag point. 

 

Cross drainage structure X4 discharges to a vegetated drainage line located within an easement 

that lies between two vacant alotments (Lot 3 in DP 654036 and Lot 4 in DP 1153023) which are 

understood to be owned by BMCC (refer Plate 7).  Approximately 50 m to the north of the 

highway, a 450 mm diameter piped drainage line commences and conveys minor flows through to 

Harley Avenue.  This length of piped drainage line (and easement) is located adjacent to and 

immediately east of Lot 145 in DP 872202, which contains an existing warehouse facility (refer 

Plate 8). 

 

The piped drainage line continues under Harley Avenue as a single 600 mm diameter pipe, 

before flows discharge into a vegetated channel which runs generally north towards the rail line. 

Flows are conveyed under the rail line via a piped crossing of unknown size, before discharging 

to an unnamed tributary of the Grose River (refer Tributary B on Figure 2.1). 

 

2.3.3 Section 3 Works 

 

There are two existing cross drainage structures along the GWH within Section 3, both of which 

drain towards Fairy Dell Creek and, ultimately, to the Coxs River. 

 

Cross Drainage Structure X5 

 

Cross drainage structure X5 is located at DRC 16780 and comprises a single 600 RCP.  The 

structure controls runoff from a 5.5 ha catchment located along the southern side of the GWH 

(refer catchment C5).  A sag is located in the highway immediately to the east of cross drainage 

structure X5.  Flows which surcharge the pit at the inlet of the cross drainage will flow over the 

highway at the location of the adjacent sag point. 

 

On the northern side of the GWH, flows discharging from the cross drainage are conveyed 

through Mount Victoria Memorial Park via BMCC’s existing piped drainage system.  Flows along 

this drainage line ultimately discharge into Fairy Dell Creek. 
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Cross Drainage Structure X6 

 

Cross drainage structure X6 is located at DRC 17370 and comprises a single 450 RCP.  The 

structure controls runoff from a 2.3 ha catchment located along the southern side of the GWH 

(refer catchment C6).  A sag is located in the highway immediately to the east of cross drainage 

structure X6.  Flows which surcharge the pit at the inlet of the cross drainage (refer Plate 9) will 

flow over the highway at the location of the adjacent sag point. 

 

On the northern side of the highway corridor, the cross drainage structure discharges into a piped 

drainage system that continues to the north along Fairy Dell Road.  Whilst not surveyed, this 

system is thought to also comprise a single 450 mm diameter pipe based on the observed pipe 

size at the outlet.  The piped drainage system accepts surface inflows on the northern side of the 

GWH (refer Plate 10), as well as runoff conveyed along both sides of Fairy Dell Road (refer 

Plate 11). 

 

The piped drainage system discharges at the northern end of the formed section of Fairy Dell 

Road, adjacent to the entrance of the driveway access to a sewage pumping station facility that is 

owned and operated by Sydney Water.  The outlet structure incorporates an energy dissipation 

structure in the form of vertical baffle blocks cast into the concrete headwall.  The receiving 

drainage line is well vegetated at the outlet (refer Plate 12) and drops off steeply to the north into 

bushland.  Based on available ALS survey data, the grade of this drainage line is in the order of 

25 per cent.  Flows along the drainage line ultimately discharge into Fairy Dell Creek. 

 

2.3.4 Existing Water Quality Control Measures 

 

There are no existing water quality control measures along the route of the proposed safety 

upgrade through MVV. 
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3  CATCHMENT HYDROLOGY – PRESENT DAY CONDITIONS 

 

3.1 General 

 

The assessment of runoff characteristics from the catchments which contribute flows to the 

network of piped and channel drainage systems along the highway corridor was based on a 

hydrologic model developed using the DRAINS software. 

 

The DRAINS model was also used to assess the impact the highway upgrade works will have on 

peak flows in the receiving drainage lines downstream of the highway, further details of which are 

presented in Chapter 5. 

 

The extent of the various catchments that contribute flow to the existing drainage systems which 

cross the GWH along the route of the proposed safety upgrade works are shown on Figure 2.1. 

 

The following sections of the report describe the adopted catchment modelling approach, present 

peak flow estimates adopted for the purpose of the present investigation, and summarise the 

results of an assessment of the hydraulic capacity of  existing cross drainage structures along the 

length of the proposed safety upgrade works. 

 

3.2 Hydrologic Model Development 

 

DRAINS is a simulation program which converts rainfall patterns to stormwater runoff, and then 

routes flows through networks of piped drainage systems, culverts, storages and open channels.  

It develops hydrographs and calculates hydraulic grade lines throughout the drainage network, 

enabling users to analyse the magnitude of overflows and stored water for established drainage 

systems.  It is applicable to both rural and developed catchments, and any combination of the 

two, and is therefore well suited to the present investigation. 

 

The DRAINS model included all of the catchments which contribute runoff to existing cross and 

pavement drainage systems (as separate but lumped sub-catchments) along the length of the 

proposed safety upgrade works.  Figure 2.1 shows the layout of the various sub-catchments 

which comprise the DRAINS model developed for the study area to represent present day 

conditions. 

 

Sub-catchment boundaries were digitised based on available contour information, which 

comprised both ground survey (along the highway corridor) and ALS survey data.  Average sub-

catchment slopes used for input to the DRAINS model were also derived using available contour 

data.  Aerial photography and site observations were used to assess the degree of u rbanisation 

which is present in the study catchments. 

 

Design rainfall intensities for average recurrence intervals (ARI’s) ranging between 1 and 100 

years were derived using procedures outlined in Australian Rainfall and Runoff (ARR) (IEAust, 

1998). 
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In the absence of gauged streamflow data that could otherwise be used to calibrate the DRAINS 

model, peak flows arriving at the highway corridor were tuned as close as was practicable to peak 

flow estimates derived using the Probabilistic Rational Method (PRM) developed for use in 

eastern NSW.  Whilst strictly applicable to rural (i.e. undeveloped) catchments, the PRM provides 

a reasonable comparative peak flow estimate for those study catchments of relatively low 

imperviousness. 

 

Based on Figure 5.1 in Volume 2 of ARR, a C10 value (i.e. the design runoff coefficient for 

application to the PRM) of about 0.3 is applicable to Mount Victoria.  However, review of design 

rainfall data in ARR, as well as the regional topography and landforms that would influence the 

development and occurrence of heavy rainfall events in this area, suggests that a value of 0.3 is 

too low.  A C10 value of 0.6 was ultimately adopted which, when used in conjunction with the 

tuned DRAINS model parameters described below, generates a hydrologic response in the study 

catchments that is similar to a number of previous investigations undertaken in recent years for 

various stages of the GWH upgrade through the upper Blue Mountains  (e.g. L&A, 2007). 

 

Adopted DRAINS model parameters comprised initial losses of 1 and 10 mm for paved and 

grassed areas, respectively.  The soil type was set equal to 3, which corresponds with a soil of 

comparatively high runoff potential.  An antecedent moisture condition of 3 was adopted, which 

reflects rather wet conditions prior to the occurrence of runoff producing rainfall events. 

 

3.3 Peak Flow Estimates for Present Day Conditions 

 

Table 3.1 over gives peak flow rates generated by the DRAINS model for each of the catchments 

upstream of the GWH that contribute runoff to existing cross drainage structures along the route 

of the proposed safety upgrade works. 

 

Note that peak flow rates generated by the DRAINS model at key locations in receiving drainage 

lines under present day conditions are contained in Table 5.2. 

 

3.4 Assessment of Existing Cross Drainage Systems 

 

Table 3.1 also gives the assessed of the capacity of the existing cross drainage structures along 

the route of the proposed safety upgrade works, in terms of the ARI at which surcharging of the 

adjacent trafficable lane will occur.  The DRAINS model established to represent present day 

conditions was used for this assessment. 

 

The analyses showed that the hydrologic standard of the existing cross drainage structures varies 

substantially, with surcharging of the existing highway expected to occur during storms with 

equivalent ARI’s ranging from about 5 – 10 years to more than 100 years. 
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TABLE 3.1 

PEAK FLOWS AND ASSESSED CAPACITY 

OF EXISTING CROSS DRAINAGE STRUCTURES 
 

Cross 
Drainage 
Identifier 

(1) 

Design 
Road 

Chainage 

Pipe / Culvert 
Dimensions 

(mm) 

Peak Flows (m3/s) (2) Assessed 
Capacity 

(ARI) 2 year 
ARI 

5 year 
ARI 

10 year 
ARI 

20 year 
ARI 

100 year 
ARI 

X1 15530 

1 off 600 x 

600 stone 

culvert (3) 

0.09 0.15 0.21 0.31 0.51 > 100 years 

X2 15590 1 off 375 RCP 0.05 0.07 0.10 0.14 0.21 50 – 100 years 

X3 16170 1 off 600 RCP 0.25 0.57 0.90 1.4 2.6 5 – 10 years 

X4 16490 1 off 600 RCP 0.47 0.76 1.0 1.4 2.1 5 – 10 years 

X5 16780 1 off 600 RCP 0.28 0.45 0.60 0.83 1.3 50 – 100 years 

X6 17370 1 off 450 RCP 0.15 0.22 0.29 0.38 0.57 5 – 10 years 

(1) Refer Figure 2.1 for reference to Cross Drainage Identifier. 

(2) Peak flows include bypass flows from adjacent cross drainage systems where applicable. Peak flows quoted to 

more than one decimal place for ease of comparison where flows are relatively small. 

(3) Capacity of existing stone culvert assessed using dimensions of 600 mm wide by 300 mm high, based on visual 

assessment of barrel blockage by stone protrusions to about half-height. 
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4 PROPOSED HIGHWAY UPGRADE WORKS 

 

4.1 General 

 

The proposed safety upgrade works will be undertaken in three separate sections along the 

2.2 km length of highway corridor.  A brief description of key elements of the proposed works in 

each section are provided below. 

 

Section 1 (approximately 280 m between DRC 15500 and DRC 15780) 

 Shoulder widening, including provision of a right turn at Victoria Falls Road. 

 

Section 2 (approximately 500 m between DRC 16130 and DRC 16630) 

 Alignment and intersection improvements west of the rail bridge including protected right 

turns at Harley Avenue and Mount Piddington Road. 

 Alignment improvements between Mount Piddington Road and Hooper Street, including 

retaining wall structures as required. 

 Left in/left out only at Hooper Street by introducing a raised median island. 

 Introduction of a service road between Cecil Road and Mount Piddington Road to 

facilitate property access adjacent to the westbound carriageway. 

 

Section 3 (approximately 630 m between DRC 16840 to DRC 17470) 

 Shoulder widening east of Kanimbla Valley Road to Fairy Dell Road. 

 Protected right turns at Kanimbla Valley Road and Selsdon Street. 

 Removal of the eastbound road safety barrier west of Grandview Road and subsequent 

relocation of three electrical poles and pole mounted transformer. 

 Introduction of a raised splitter island in Fairy Dell Road. 

 

All Sections 

 Review of the existing road signage throughout Mount Victoria. 

 Property acquisition, as required. 

 Adjustments to property access, as required. 

 Adjustments to utilities, as required. 

 Retaining structures to minimise environmental and property impacts, as required.  

 

4.2 Control of Stormwater Runoff 

 

Stormwater runoff from the realigned and widened sections of highway pavement, and from the 

new length of service road between Cecil Road and Mount Piddington Road, will be controlled by 

new pavement drainage elements connecting into existing drainage systems along the highway 

corridor.  These existing drainage systems discharge to several receiving drainage lines 

extending downstream from the highway. 

 

It is understood that new pavement drainage systems will be designed to capture and convey 

runoff generated by short duration storms with ARI ’s of up to 10 years. 
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RMS indicated that due to the relatively minor nature of the proposed safety upgrade works, 

which are generally limited in scope to road safety improvements along the highway corridor 

through MVV, it is not proposed to upgrade existing cross drainage structures which are located 

along the route of the proposed works.  However, it is recommended that the following two 

existing cross drainage structures are upgraded as part of the proposed safety upgrade works:  

 Cross Drainage Structure X4 at DRC 16490 

 Cross Drainage Structure X6 at DRC 17370 

 

Further details on the recommended approach to managing stormwater runoff along the extent of 

the safety upgrade works are given in Chapter 5. 

 

Existing drainage patterns along the road corridor will generally be maintained as part of the road 

upgrade.  Further details on the impact of the proposed safety upgrade works on drainage 

patterns downstream of the highway are also provided in Chapter 5. 
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5 RECOMMENDED DRAINAGE STRATEGY 

 

5.1 Concept Drainage System Layout 

 

A strategy aimed at mitigating the adverse impacts of the safety upgrade works on existing 

development and the drainage lines into which the upgraded pavement drainage system will 

discharge was developed as part of the present investigation.  In developing the strategy, the 

impact of the road upgrade works on both nuisance and major flooding was taken into account. 

 

Figures 5.1 to 5.3 show the concept drainage strategy along the highway corridor and should be 

referred to when reading the following sections of the report.   Note that RMS will need to 

undertake further design development to confirm the size of pipes and number of pits required to 

control runoff from the upgraded sections of road, as those shown on Figures 5.1 to 5.3 are 

indicative only. 

 

These figures also show the indicative location and flow direction for a number of catch drains 

that will be required to intercept and control runoff along the upslope side of the GWH and the 

new service road between Cecil Road and Mount Piddington Road within Section 2 of the safety 

upgrade works.  It should be noted that these catch drains have not been sized but will require 

the road works to extend beyond the footprint of RMS’ current concept road design model. This 

may have implications for land acquisitions and/or easements where works wi ll extend outside 

the existing highway corridor. 

 

5.2 Design Considerations 

 

5.2.1 General 

 

The following sections provide a summary of key design parameters and assumptions made for 

the purpose of the present investigation.  A number of recommendations are also provided to 

assist in future design development for the safety upgrade. 

 

5.2.2 Design Development 

 

Assessment of drainage requirements was undertaken based on a concept road design model 

provided by RMS in late May 2013.  As part of the detailed design process, the designers of the 

safety upgrade works will need to review the concept road design model which was developed by 

RMS in light of the recommendations contained in this report to ensure the intent of the 

recommended drainage strategy is maintained in the final design of the roadworks. 

 

5.2.3 Future Development Upslope of the Highway Corridor 

 

For the catchments which lie upstream of the GWH and contribute runoff to the various cross 

drainage structures that cross the highway corridor, it was assumed that measures will be 

incorporated into future development which will control the rate of flow discharging to the highway 

corridor to no larger than present day conditions. 
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5.2.4 Future Climate Change 

 

For the purpose of the present investigation, climate change induced impacts on future flood 

behaviour was considered only for the sizing of the upgraded cross drainage structure X4 at 

DRC 16490.  In this case, the design 100 year ARI peak flow was increased by 10 per cent 

relative to present day conditions to cater for a potential future increase in rainfall intensit ies. 

 

5.2.5 Pit and Culvert Blockage 

 

The proposed safety upgrade works are not considered to increase the risk of blockage of 

existing cross drainage structures.  Note also that no allowance for the partial blockage of the 

inlet of existing cross drainage structures was made in the assessment of the hydrologic standard 

of the highway corridor at these structure locations (refer Section 3.4), nor for the proposed 

upgrade of cross drainage structure X4 at DRC 16490. 

 

It is recommended that, as part of detailed design of the safety upgrade, provisions are 

incorporated into the design of new pavement drainage systems to cater for potential blockage of 

kerb inlet pits.  This should involve application of industry standard b lockage factors of 20 and 50 

per cent for on-grade and sag inlet pits, respectively. 

 

5.2.6 Potential for Aquaplaning 

 

As part of the present investigation, analyses were undertaken which confirmed that depths of 

sheet flow resulting from rain falling directly onto the surface of the upgraded sections of highway 

will not exceed 4 mm for a rainfall intensity of 50 mm/hr. 

 

5.2.7 Utilities 

 

It should be noted that the location of underground and overhead utilities within the highway 

corridor have been determined by desktop review only, and only in a number of selected 

locations.  Detailed investigations will need to be carried out during the preparation of the detail ed 

design for the safety upgrade works in order to ensure there is no conflict between proposed 

drainage structures and either existing or proposed utilities. 

 

5.3 Impact of Highway Upgrade on Drainage Patterns and Recommended Measures 

 

5.3.1 General 

 

The DRAINS model which was used to derive peak flows under present day conditions was 

adjusted to reflect the changes which will occur to the surface of the highway corridor as a result 

of the safety upgrade works.  Links within the DRAINS model were also altered to reflect changes 

that will occur in drainage patterns as a result of the installation of new and upgraded highway 

drainage systems along the length of the proposed upgrade. 

 

Table 5.1 over shows the impact the safety upgrade will have on peak flows in selected receiving 

drainage lines for storms with ARI’s ranging between 1 and 100 years.  Note that the locations  

referred to in Table 5.1 are shown on Figures 5.1 to 5.3.  The following sections provide a 

summary of the proposed adjustments to existing highway drainage systems and drainage-

related impacts along the length of the proposed safety upgrade works. 
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TABLE 5.1 

IMPACT OF HIGHWAY UPGRADE ON PEAK FLOWS IN RECEIVING DRAINAGE LINES (1) 
 

Location 
Identifier 

(2) 

Flow 
Component 

1 year ARI 2 year ARI 5 year ARI 10 year ARI 

Present 
Day 

Post 
Upgrade 

Difference(3) 
Present 

Day 
Post 

Upgrade 
Difference(3) 

Present 
Day 

Post 
Upgrade 

Difference(3) 
Present 

Day 
Post 

Upgrade 
Difference(3) 

(m3/s) (m3/s) (m3/s) (%) (m3/s) (m3/s) (m3/s) (%) (m3/s) (m3/s) (m3/s) (%) (m3/s) (m3/s) (m3/s) (%) 

F1.1 

Total 0.09 0.10 0.01 11% 0.12 0.13 0.01 8% 0.19 0.20 0.01 5% 0.28 0.28 0 0% 

Piped 0.09 0.10 0.01 11% 0.12 0.13 0.01 8% 0.19 0.20 0.01 5% 0.28 0.28 0 0% 

Overland 0 0 0 0% 0 0 0 0% 0 0 0 0% 0 0 0 0% 

F2.1 Total 0.04 0.04 0 0% 0.05 0.06 0.01 20% 0.08 0.09 0.01 13% 0.10 0.12 0.02 20% 

F3.1 Total 0.18 0.27 0.09 50% 0.25 0.38 0.13 52% 0.58 0.69 0.11 19% 0.90 1.01 0.11 12% 

F3.2 Total 0.25 0.34 0.09 36% 0.34 0.46 0.12 35% 0.75 0.85 0.10 13% 1.11 1.22 0.11 10% 

F4.1 Total 0.37 0.41 0.04 11% 0.50 0.55 0.05 10% 0.81 0.89 0.08 10% 1.09 1.25 0.16 15% 

F4.2 Total 0.48 0.51 0.03 6% 0.64 0.68 0.04 6% 1.08 1.14 0.06 6% 1.46 1.60 0.14 10% 

F4.3 Total 0.66 0.69 0.03 5% 0.86 0.91 0.05 6% 1.36 1.42 0.06 4% 1.81 1.93 0.12 7% 

F5.1 Total 0.20 0.21 0.01 5% 0.28 0.28 0 0% 0.45 0.46 0.01 2% 0.60 0.61 0.01 2% 

F6.1 Total 0.14 0.20 0.06 43% 0.20 0.27 0.07 35% 0.31 0.40 0.09 29% 0.37 0.48 0.11 30% 

 
 

Location 
Identifier 

(2) 

Flow 
Component 

20 year ARI 50 year ARI 100 year ARI 

Present 
Day 

Post 
Upgrade 

Difference(3) 
Present 

Day 
Post 

Upgrade 
Difference(3) 

Present 
Day 

Post 
Upgrade 

Difference(3) 

(m3/s) (m3/s) (m3/s) (%) (m3/s) (m3/s) (m3/s) (%) (m3/s) (m3/s) (m3/s) (%) 

F1.1 

Total 0.40 0.40 0 0% 0.49 0.49 0 0% 0.62 0.65 0.03 5% 

Piped 0.29 0.29 0 0% 0.29 0.29 0 0% 0.29 0.29 0 0% 

Overland 0.11 0.11 0 0% 0.20 0.20 0 0% 0.33 0.36 0.03 9% 

F2.1 Total 0.15 0.16 0.01 7% 0.18 0.18 0 0% 0.19 0.19 0 0% 

F3.1 Total 1.41 1.51 0.10 7% 1.99 1.93 -0.06 -3% 2.62 2.46 -0.16 -6% 

F3.2 Total 1.70 1.82 0.12 7% 2.40 2.33 -0.07 -3% 3.07 2.97 -0.10 -3% 

F4.1 Total 1.51 1.77 0.26 17% 1.85 2.17 0.32 17% 2.27 2.70 0.43 19% 

F4.2 Total 2.05 2.40 0.35 17% 2.59 3.03 0.44 17% 3.20 3.68 0.48 15% 

F4.3 Total 2.44 2.80 0.36 15% 3.09 3.54 0.45 15% 3.79 4.31 0.52 14% 

F5.1 Total 0.83 0.84 0.01 1% 1.05 1.06 0.01 1% 1.28 1.29 0.01 1% 

F6.1 Total 0.50 0.53 0.03 6% 0.53 0.55 0.02 4% 0.55 0.57 0.02 4% 

(1) Peak flows have been quoted to more than one decimal place for comparative purposes only.   

(2) Refer Figures 5.1 to 5.3 for reference to Location Identifier. 

(3) Note that a positive value represents an increase in peak flow when compared to present day conditions. 
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5.3.2 Section 1 Works 

 

Proposed adjustments to existing highway drainage systems within Section 1 are shown on 

Figure 5.1. 

 

Due to the relatively minor nature of proposed works in Section 1, it is recommended that 

existing cross drainage structures X1 and X2 be retained.  [Note that the following discussion 

deals with these locations in reverse order, as bypass flows from cross drainage structure X2 are 

conveyed to X1.]  

 

Cross Drainage Structure X2 

 

At cross drainage structure X2, the existing inlet pit would need to be replaced with a new SO2 

type pit to suit the new SO kerb to be constructed along the edge of the westbound carriageway. 

 

Peak flows arriving at the new inlet pit would be increased as a result of the highway upgrade, 

due to minor pavement widening along the edge of the westbound carriageway, with increases up 

to 20 per cent for events up to the 100 year ARI.  However, the hydrologic standard of cross 

drainage structure X2 would be reduced only slightly, and remain in excess of 50 year ARI. 

 

A new catch drain grading south along the upslope side of the GWH would direct bypass flows to 

the inlet of cross drainage structure X1.  Note that the length of catch drain crossing the adjacent 

rail corridor access track would need to be trafficable if vehicular access to this track is to be 

retained. 

 

Peak flows discharging into Lot 1 in DP 1036734 along the existing drainage line downstream 

(east) of the highway corridor would be increased for storm events up to the 20 year ARI, by up to 

20 per cent (refer location F2.1 on Figure 5.1).  However, the small magnitude of flows along this 

drainage line (e.g. the peak 20 year ARI flow rate under post-highway upgrade conditions would 

be about 0.16 m3/s) mean that the corresponding increase in flood levels and flow velocities  

downstream of the highway corridor would be negligible. 

 

Cross Drainage Structure X1 

 

At cross drainage structure X1, it is understood that RMS propose to retain the existing stone 

inlet structure due to its potential heritage value.  It is also noted that the current concept design 

shows a 2 m wide footpath located adjacent to the westbound carriageway between 

DRC’s 15490 and 15570, part of which lies directly above the existing stone inlet structure. 

 

The treatment of this section of footpath will need to be confirmed during detailed design once the 

heritage issues in this location are resolved as part of the current environmental assessment 

process for the safety upgrade works.  If the stone inlet structure is to be retained, one option 

may be to suspend a short length of steel grating above the structure by bridging between 

adjacent sections of reinforced concrete pathway. 

 

It is also noted that the current concept design shows SO kerb between the new footpath and the 

westbound carriageway.  Rather than constructing a new inlet pit  over the existing stone culvert 

to drain a new section of SO kerb, it is recommended that RMS consider reversing the crossfall 

on the adjacent length of footpath to direct runoff away from the highway.  This would remove the 

need for SO kerb in this area. 
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Peak flows arriving at the inlet of cross drainage structure X1 would be increased as a result of 

the highway upgrade.  However, the hydrologic standard of the cross drainage would be subject 

to only a minor reduction, and remain in excess of 100 year ARI. 

 

Downstream (east) of the highway, peak flows would generally be increased for all events up to 

and including 100 year ARI (refer location F1.1 on Figure 5.1).  Whilst the impact is small in 

relative terms, with a maximum increase in peak flows of 11 per cent, overland flows through 

Lot 1 in DP 1036734 will be increased for events larger than about 10 year ARI (i.e. for events 

which exceed the capacity of the existing 375 mm diameter piped drainage line that presently 

runs through the property).  Given the proximity of the existing residence on this property (refer 

Plate 2 in Appendix A), it is recommended that RMS undertake works to ensure that overland 

flows along this drainage line are not increased by the proposed safety upgrade works. 

 

Replacement of the existing ungrated informal pit immediately east of the highway with a new 

grated surcharge pit set 200 mm above existing ground levels would achieve this outcome.  The 

new pit would allow the existing 375 mm piped drainage line through Lot 1 in DP 1036734 to be 

primed by an additional 200 mm head, effectively increasing the piped capacity and reducing 

surcharge for all events up to and including 100 year ARI.  These works would also formalise the 

existing drainage system in this area and reduce the potential for blockage of the pit through 

provision of a raised grating.  Localised regrading would also be required to tie in ground levels to 

the top of the new surcharge pit.  Note that all works in this location would be able to be 

undertaken within the existing highway corridor. 

 

Additional survey will be required prior to detailed design of the safety upgrade works to confirm 

the configuration of the existing highway drainage system downstream (east) of the highway in 

Section 1, in particular the full extent of the piped drainage line through Lot 1 in DP 1036734 

through to its outlet. 

 

It is also recommended that the existing corridor survey be extended a short distance along 

Victoria Falls Road in order to confirm that runoff which surcharges the existing piped crossing 

under the local road (refer Figure 5.1 for location) will not flow onto the eastbound carriageway of 

the GWH.  The additional survey in this area should also include details of the existing piped 

crossing under Victoria Falls Road. 

 

5.3.3 Section 2 Works 

 

Proposed adjustments to existing highway drainage systems within Section 2 are shown on 

Figure 5.2. 

 

Cross Drainage Structure X3 

 

Figure 5.2 shows the proposed layout of a new pit and pipe pavement drainage system 

connecting to the inlet of cross drainage structure X3 that would cater for runoff from the 

adjoining length of highway corridor and new service road extending west to Mount Piddington 

Road.  This new drainage system would also be required to control flows approaching the new 

service road from the south. 

 

It is recommended that existing cross drainage structure X3 be retained, as the substantial extent 

of works that would be required to upgrade the existing 600 RCP crossing the highway is not 

consistent with the relatively minor surface works proposed as part of the safety upgrade.  
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Peak flows arriving at the inlet of cross drainage structure X3 would be increased as a result of 

the highway upgrade for events up to and including 20 year ARI.  However, the hydrologic 

standard of the highway at this location would be subject to only a minor reduction, and remain in 

the range 5 – 10 year ARI. 

 

Note that for events larger than 20 year ARI, peak flows arriving at cross drainage structure X3 

would be reduced as a result of the highway upgrade works due to the upgrade of the piped 

crossing of Mount Piddington Road circa DRC 16460, which would reduce bypass flows that are 

presently conveyed along the southern kerbline of the GWH to cross drainage structure X3. 

 

Downstream (north-east) of the highway, peak flows discharging from cross drainage structure X3 

(refer location F3.1 on Figure 5.2) and arriving at the rail line a short distance further downstream 

(refer location F3.2) would also be increased for events up to and including 20 year ARI.  For 

events larger than 20 year ARI, peak flows along this drainage line would be reduced.  

 

Preliminary hydraulic analyses undertaken as part of the present investigation show that the 

existing 900 mm diameter piped crossing of the rail line downstream of cross drainage structure 

X3 has sufficient capacity to cater for flows up to about 20 year ARI without surcharge of the rail 

line or bypass occurring along its upstream (southern) side.  On the basis of this assessment, it is 

concluded that the highway upgrade works will not reduce the hydrologic standard of the rail line 

in this location. 

 

During detailed design it will be necessary to undertake further hydraulic  analyses, with the 

benefit of additional survey within the rail corridor, to confirm that the hydrologic standard of the 

rail line will not be reduced as a result of the highway upgrade works.   This additional survey will 

need to include details of the size and invert levels of the adjacent piped crossing of the rail line 

located downstream of cross drainage structure X4 (refer next section below) . 

 

Cross Drainage Structure X4 

 

Due to the larger scope of the proposed safety upgrade works between Hooper Street and Mount 

Piddington Road, it is recommended that the existing 1 off 600 RCP that crosses the highway 

corridor at DRC 16490 be replaced with a new 1 off 1050 RCP to control runoff approaching the 

realigned length of the GWH from the south.  This would improve the hydrologic standard of the 

cross drainage to 100 year ARI (from 5 – 10 year ARI) at this location.  Appropriate energy 

dissipation and scour protection measures would also be required at the new piped outlet.  

 

The proposed layout of a new pavement drainage system that would cater for runoff from the 

realigned length of the GWH between Hooper Street and Mount Piddington Road is shown on 

Figure 5.2. 

 

The analyses carried out as part of the present investigation show that peak flows downstream 

(north) of the widened highway corridor will be increased over the full range of storm events (refer 

location F4.1 on Figure 5.2).  For the 100 year ARI event, the increase in peak flow is around 

19 per cent.  For more frequent events, the increase in peak flows is smaller, down to around 

10 per cent for the 2 year ARI.  As a result, there is a risk that existing development in Lot 145 in 

DP 872202 will be adversely impacted upon by the safety upgrade works. 
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The hydrologic standard of the existing cross drainage under Harley Avenue, as well as the cross 

drainage under the rail line further to the east, would also be reduced as a result of the increase 

in peak flows along this drainage line (refer locations F4.2 and F4.3 on Figure 5.2, respectively). 

 

An increase in peak flows of this magnitude is also considered to increase the scour potential 

along unpiped sections of the existing drainage line where it runs downstream of the highway 

corridor. 

 

It is therefore recommended that a detention basin form part of the concept drainage strategy for 

the safety upgrade works in Section 2.  The preferred basin location lies within Lot 3 in 

DP 654036 adjacent to the new eastbound carriageway of the GWH, which is currently vacant 

and understood to be owned by BMCC (refer Figure 5.2 for location). 

 

For preliminary sizing purposes, it was assumed that a detention basin having a volume equal to 

30 per cent of the total volume of runoff generated by a 100 year ARI design storm of 

120 minutes duration would have sufficient capacity to attenuate flood flows.  An approximate 

footprint was then determined assuming: 

 basin to be built with vertical walls, using reinforced block or concrete wall type 

construction; and 

 maximum 100 year ARI ponding depth of 1.0 m. 

 

Key features of the basin would include the following: 

 A low flow diversion pit which directs runoff generated by frequent storm events  through a 

GPT before flows enter the basin. 

 Vehicular access into the basin for maintenance purposes (note that Figure 5.2 shows a 

4 m wide access driveway located immediately north of the widened highway).  

 A flood storage which will temporarily contain up to about 240 m 3 of stormwater runoff 

from the upgraded highway corridor, as well as the upslope developed catchment 

extending south along Hooper Street, prior to it discharging to the downstream drainage 

system.  The basin footprint shown on Figure 5.2 is approximately 240 m2 in area. 

 A flow control structure which will limit peak flows discharging to the downstream 

drainage system for storms of up to 100 year ARI. 

 

Appendix B contains a general arrangement plan and cross sections for a similar basin 

constructed as part of the GWH upgrade at Lawson in recent years. 

 

Note that it would also be feasible to configure the proposed basin to incorporate  provision for 

additional stormwater treatment (e.g. biofiltration) and/or spill containment storage should this 

functionality be required (refer Section 5.4 for further discussion related to water quality control 

measures). 

 

Whilst it may be feasible to construct an earth embankment type basin on the proposed site, the 

basin footprint would be much larger than for an equivalent vertical wall type owing to the 

steepness of the terrain and the resulting width of embankment batter slopes that would be 

required.  However, the potential cost savings associated with this option mean that it warrants 

further investigation during detailed design of the safety upgrade works.  
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As part of detailed design it will also be necessary to carry out a detailed flood study investigation 

to demonstrate that the safety upgrade works (including the detention basin) will not have an 

adverse impact on existing development and infrastructure downstream of the widened highway 

corridor.  Additional ground survey within Lot 3 in DP 654036 and along the drainage line 

immediately to its east, extending downstream (north) to the rail line, will be required to support 

this investigation and to size and configure the detention basin and its inlet and outlet 

arrangements.  Geotechnical investigation to assess subsurface conditions and confirm suitable 

design parameters for basin foundation treatments would also be required.  

 

5.3.4 Section 3 Works 

 

Proposed adjustments to existing highway drainage systems within Section 3 are shown on 

Figure 5.3 – Sheets 1 and 2. 

 

Cross Drainage Structure X5 

 

Runoff from a short length of widened pavement along the westbound carriageway of the GWH 

between the crest in the highway corridor at DRC 16950 and Kanimbla Valley Road at 

DRC 16900 would be controlled by a new pavement drainage system.  A new piped drainage line 

would need to be constructed along the southern kerbline of the GWH over a length of 

approximately 110 m to connect the new pavement drainage system to existing cross drainage 

structure X5 on the upstream (southern) side of the highway.  

 

Peak flows at the outlet of cross drainage structure X5 (refer location F5.1 on Figure 5.3 – 

Sheet 1 of 2) would be increased by a maximum of 5 per cent for storms up to 1 year ARI, with 

smaller impacts identified for larger, less frequent events (e.g. an increase of only 1 per cent for 

the 100 year ARI).  The impact on the hydrologic standard of the existing cross drainage 

structure, and on the hydrologic standard of the piped drainage system downstream (north) of the 

GWH, is considered to be negligible. 

 

Runoff from the eastbound carriageway of the highway between DRC 16950 and DRC 16900 

would discharge to the existing table drain along the northern kerbline.  

 

Cross Drainage Structure X6 

 

Figure 5.3 – Sheets 1 and 2 show the proposed layout of a new pavement drainage system that 

would cater for runoff from the upgraded length of the corridor between the crest in the highway 

at DRC 16960 and Fairy Dell Road circa DRC 17460.  This new drainage system would also cater 

for runoff approaching the highway corridor from the south. 

 

An upgraded piped crossing of the GWH along the alignment of existing cross drainage structure 

X6 at DRC 17370 would form an integral component of the new highway drainage system. 

Enlarging the diameter of the pipe crossing the highway corridor at this location from 450 mm to 

600 mm would improve the hydrologic standard of the highway to 10 year ARI, which is 

consistent with that of the proposed pavement drainage system.  The combined piped drainage 

system would then convey flows north from the highway corridor along the eastern kerbline of 

Fairy Dell Road and discharge to an upgraded piped outlet adjacent to the northern end of the 

existing cul-de-sac. 

 



Roads and Maritime Services 

Drainage Investigation  

Great Western Highway – Mount Victoria Village Safety Upgrade 

 
 

 

MVVSU_r1.0_Report.doc Page 26 Lyall & Associates 

August 2013 Rev. 1.0 Consulting Water Engineers 

Downstream (north) of the upgraded piped outlet, peak flows discharging into Lot 3 in 

DP 1140103 would be increased over the full range of storm events (refer location F6.1 on 

Figure 5.3 – Sheet 2 of 2).  For the smaller, more frequent events around 1 and 2 year ARI, the 

increase in peak flows is about 40 per cent.  Impacts are smaller for the larger, less frequent 

events (e.g. an increase of a maximum of 6 per cent for ARI’s greater than 20 years).  

 

Although there is no existing development downstream of the outlet that is at risk of flooding, an 

increase in peak flows of this magnitude, in particular for events up to about 2 year ARI which are 

associated with morphologic activity in natural streams, is likely to result in scouring along the 

receiving drainage line.  Whilst the construction of an appropriately sized energy dissipation 

structure at the upgraded piped outlet would partially offset the increase in scour potential 

immediately downstream of the piped outlet, recent experience on similar highway upgrade 

projects in the Blue Mountains shows that such measures in isolation are unlikely to be sufficient 

to avoid scour-related impacts. 

 

A number of drainage options were considered for the length of highway corridor between the 

crest at DRC 16960 and Fairy Dell Road circa DRC 17460 that could reduce the degree of scour 

that will occur following the construction of the road works.  Table 5.2 sets out three possible 

options (refer also Figure 5.3 – Sheet 2 of 2) along with the major advantages and 

disadvantages of each. 

TABLE 5.2 

SUMMARY OF DRAINAGE OPTIONS – SECTION 3 WORKS 
 

I.D. Option Description Advantages Disadvantages 

A 

 Construct minor stormwater 

detention basin adjacent to 

upgraded piped outlet, to 

attenuate flows from highway 

up to and including 5 year ARI. 

 Construct energy dissipation 

structure at upgraded piped 

outlet. 

 Basin would reduce the risk of scour 

(but not alleviate it) by reducing peak 

flows to no greater than occurs under 

present day conditions for the more 

frequent events which control stream 

morphology. 

 Basin could incorporate stormwater 

treatment and/or spill containment 

storage in addition to flow attenuation 

functionality. 

 Most expensive option. 

 Property acquisition required for basin 

site, potentially affecting Lot 8 in DP 

2028 and/or Lot 3 in DP 1140103. 

 Topographic constraints may limit size 

of basin. 

B 

 Extend new piped drainage 

system along Fairy Dell Road 

to base of slope adjacent to 

Sydney Water pumping station 

facility, where the gradient is 

not as steep. 

 Construct new drainage 

channel from piped outlet to 

existing drainage line. 

 Less expensive than Option A. [Similar 

cost to Option C.] 

 No property acquisition required. 

 Whilst the new piped drainage system 

could be contained within the road 

reserve, the channel works and an 

associated easement would be 

required in Lot 3 in DP 1140103. 

C 

 Construct piped drainage 

systems from upgraded 

highway down both Burwood 

Road and Fairy Dell Road. 

 Construct energy dissipation 

structures at both piped 

outlets. 

 Less expensive than Option A. [Similar 

cost to Option B.] 

 Increase in scour potential along 

drainage line at northern end of Fairy 

Dell Road reduced (but not eliminated). 

 No property acquisition required. 

 Highway upgrade works would need to 

extend along length of Burwood Road 

(i.e. to construct new piped drainage 

system) as well as Fairy Dell Road. 

 Option would result in an increase in 

peak flows along drainage line located 

at northern end of Burwood Road, 

resulting in potential scour problems 

arising in a second location. 
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Given the substantial scope of works involved in all three options, as well as their potential 

environmental and property-related impacts, it is recommended that further discussion is held 

with RMS in order to finalise the preferred strategy for managing stormwater generated on the 

upgraded length of the GWH within Section 3. 

 

5.4 Water Quality Control Measures 

 

As mentioned previously, there are no existing water quality control measures along the route of 

the proposed safety upgrade works through MVV. 

 

Opportunities to introduce stormwater treatment measures for runoff captured by new and 

upgraded pavement drainage systems along the length of the highway upgrade works are limited 

by both space and terrain constraints within the existing highway corridor .  The nature of the 

existing highway drainage system in this area, which typically combines runoff from upslope 

catchments with runoff generated within the highway corridor, also limits opportunities to 

implement measures to target runoff generated by the highway pavement in isolation. 

 

Furthermore, the proposed safety upgrade generally involves minor widening of existing highway 

pavement or hardening of existing verge and/or shoulder areas, and therefore represents only a 

small increase in the overall imperviousness of the highway corridor.  Table 5.3 summarises the 

impact of the safety upgrade works on total catchment area and catchment imperviousness for 

each of the six drainage lines which cross the highway corridor along the length of the proposed 

upgrade works. 

 

TABLE 5.3 

IMPACT OF HIGHWAY UPGRADE ON CATCHMENT CHARACTERISTCS 
 

Location 
Identifier 

(1) 

Present Day Conditions Post-Upgrade Conditions 

Total Area 
Impervious 

Area 
Total 
Area 

Difference in 

Total Area (2) 

Impervious 
Area 

Difference in 
Impervious Area (2) 

(ha) (ha) (ha) (ha) (%) (ha) (ha) (%) 

F1.1 1.70 0.55 1.70 0.00 0% 0.57 0.02 4% 

F2.1 0.66 0.22 0.66 0.00 0% 0.27 0.05 25% 

F3.1 7.07 1.06 7.23 0.16 2% 1.61 0.55 52% 

F4.1 7.76 2.23 7.99 0.23 3% 2.56 0.33 15% 

F5.1 5.53 1.49 5.53 0.00 0% 1.53 0.04 3% 

F6.1 2.87 1.15 2.91 0.04 1% 1.48 0.33 28% 

(1) Refer Figures 5.1 to 5.3 for reference to Location Identifier. 

(2) Note that a positive value represents an increase in area when compared to present day conditions.  

 

The approach adopted for the assessment of water quality control requirements was to identify 

those receiving drainage lines with a relatively high sensitivity to potential water quality issues, 

and to then identify what additional measures (if any) would be required to ensure that the safety 

upgrade works would not compromise the existing use or environmental value of those drainage 

lines. 
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Review of the environmental sensitivity of receiving drainage lines along the length of the 

proposed highway upgrade identified the following two drainage lines within the SCA’s drinking 

water catchment (refer Figure 2.1) within Section 3 with relatively high sensitivity: 

 Downstream of Location 5.1 

Water quality improvement measures are not considered necessary at this location due to 

the relatively minor impact of the safety upgrade works (refer Table 5.3). 

 Downstream of Location 6.1 

Table 5.3 shows that the increase in total catchment area contributing to runoff along the 

existing watercourse downstream (north) of Fairy Dell Road is only 1 per cent, whilst the 

increase in total impervious area is about 30 per cent. 

As part of the environmental assessment process for the safety upgrade project, it is 

understood that SCA’s Neutral or Beneficial Effect (NorBE) assessment will be applied.  

Despite the relatively minor nature of the proposed safety upgrade works, should the 

NorBE assessment show that treatment of stormwater runoff generated along the 

highway corridor is desirable then the best location to site measures capable of treating 

runoff from a substantial length of highway corridor is considered to be land at the 

northern end of Fairy Dell Road.  Figure 5.3 – Sheet 2 of 2 shows the potential site 

located on the western portion of Lot 8 in DP 2028 and south-eastern corner of Lot 3 in 

DP 1140103. 

It is envisaged that a biofiltration basin could be constructed at this site, with an inline 

gross pollutant trap also required on the incoming piped drainage line for pre-treatment of 

stormwater to remove litter, debris and coarse sediments.  Provision for spill containment 

storage could be incorporated in the basin should this functionality also be required. 

Note also that it would be feasible configure this basin to incorporate provision for 

stormwater quantity control for smaller, more frequent storm events up to about 5 year 

ARI (refer Option A in Table 5.2). 

Further more detailed investigations, supported by additional ground survey and 

geotechnical assessment, would be required during detailed design to size and configure 

a suitable basin in this location should it’s need be confirmed as pa rt of the environmental 

assessment process. 

 

In addition, it is noted that the proposed stormwater detention basin to be located immediately 

downstream of the GWH circa DRC 16500, which lies within the upper reaches of the Grose 

River catchment but outside SCA’s drinking water catchment, presents an opportunity to 

incorporate stormwater treatment for runoff from a substantial length of highway corridor within 

Section 2 of the proposed safety upgrade works.  [Note that further discussion of the proposed 

flood detention basin is presented in Section 5.3.3 of this report.] 
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6 EROSION AND SEDIMENT CONTROL STRATEGY 

 

6.1 General 

 

A strategy aimed at mitigating the adverse impacts of the construction phase of the safety 

upgrade on water quality in receiving drainage lines and watercourses was developed as part of 

the present investigation. 

 

Figures 6.1 to 6.3 show the recommended erosion and sediment control strategy along the route 

of the proposed safety upgrade and should be referred to when reading the following sections of 

the report. The strategy addresses the increase in potential for both erosion and sediment 

mobilisation within the construction corridor, and transport of this sediment into downstream 

watercourses via sediment-laden runoff leaving areas disturbed by the road works. 

 

A preliminary assessment was undertaken to determine the average annual volume of sediment 

which could be “washed off” the highway corridor if appropriate measures are not implemented by 

the Contractor during the construction phase of the project.  Based on the findings of this 

assessment, it was concluded that large scale sediment retention basins do not necessarily need 

to form part of the Soil and Water Management Plan (SWMP) (or similar) for the safety upgrade 

works.  Rather, the provision of a series of smaller temporary sediment sumps positioned at key 

locations along the highway corridor would be sufficient to manage runoff from disturbed areas 

during construction.  That said, there is also an opportunity to utilise at least one permanent 

stormwater basin as a temporary sediment retention basin during the construction phase of the 

safety upgrade works. 

 

It is recommended that the strategy presented in this section of the report be used as the starting 

point for the preparation of the SWMP that will need to be developed as part of final design 

and/or construction documentation for the safety upgrade works.  However, it should be 

recognised that ultimate requirements for controlling erosion and sediment during construction 

will be dictated by final design of the safety upgrade, proposed construction methods, staging and 

site management practices, all of which are yet to be finalised. 

 

The strategy has been developed based on the principles and design guidelines set out in the 

following documents: 

 Soils and Construction – Managing Urban Stormwater series (herein referred to as 

the “Blue Book”), comprising: 

o Volume 1 (Landcom, 2004) 

o Volume 2D – Main Roads (DECC, 2008); 

 RMS Erosion and Sedimentation Management Procedure (RMS, 2008); and 

 RMS QA Specification G38 (RMS, 2011). 

 

6.2 Key Elements of the Strategy 

 

The primary principles for effective erosion and sediment control are firstly to minimise erosion, 

and then to capture sediment from disturbed areas where erosion cannot be prevented. 
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Whilst the present investigation deals primarily with the control of sediment, and the structural 

measures that will be required to capture “on-site” water and bypass “off-site” water through the 

construction site, a range of erosion control principles will need to be incorporated into the future 

SWMP including: 

 appropriate location and treatment of site access and stockpile sites;  

 conservation of existing topsoil for later site rehabilitation;  

 minimisation of disturbed areas, and stabilisation using batter blanketing, surface 

mulching or vegetation; 

 scour protection along drainage lines through the site;  

 separation of clean and dirty water wherever possible, and the diversion of clean 

water from upslope areas through the construction site; 

 site maintenance requirements; and 

 progressive site rehabilitation. 

 

6.2.1 Local Erosion and Sediment Control Measures 

 

The Blue Book allows for localised erosion and sediment control measures to be used in the 

absence of large scale sediment retention basins where the average annual soil loss from a 

disturbed area, as derived by application of the Revised Universal Soil Loss Equation (RUSLE), is 

less than 150 m3/annum.2   

 

To demonstrate that large scale sediment retention basins do not necessarily need to form part of 

the SWMP for the road upgrade project, the highway corridor was divided into a number of 

discrete areas (denoted hereon as “local erosion and sediment control areas”, or LESCA’s) and 

the average annual soil loss from each computed by application of the RUSLE.  The extent of 

each LESCA was derived based on a review of the available contour data and an assessment of 

the likely location where runoff from the highway corridor will discharge to receiving drainage 

lines during the construction phase of the project. 

 

Figures 6.1 to 6.3 show the extent of the assessed LESCA’s along the route of the road upgrade, 

as well as the estimated average annual soil loss from each.  Table 6.1 over summarises the 

parameters which are constant in the RUSLE for the site, whilst Table C1 in Appendix C gives 

the average annual soil loss derived for each LESCA, as well as the RUSLE parameters which 

are unique to each. 

 

By inspection of the values given in Table C1 in Appendix C (and also shown on Figures 6.1 to 

6.3), it can be seen that the estimated average annual soil loss from each LESCA does not 

exceed the threshold value of 150 m3.  The implementation of effective localised erosion and 

sediment control measures aimed at minimising the volume of sediment which is transported from 

disturbed areas will therefore be key to the control of sediment from the highway corridor in the 

absence of any large scale sediment retention basins.  Measures would include use of the 

following practices and smaller scale elements: 

 staging of works to minimise the extent of disturbance at any one time; 

 temporary stabilisation or revegetation/rehabilitation works to reduce the extent of 

disturbed surfaces; 

                                                      
2 For further details of the RUSLE, refer Appendix A of Landcom, 2004. 
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 application of temporary surface treatments or blanketing on exposed earth surfaces; 

 sediment barriers and sumps, in series where necessary;  

 vegetative buffer strips; and 

 stabilised drainage lines incorporating rock check dams at regular intervals.  

 

TABLE 6.1 

CONSTANT PARAMETERS ADOPTED FOR APPLICATION TO THE RUSLE 

 

Parameter Value Comment 

Rainfall Intensity for 2 year ARI, 

6 hour duration design storm 
9.5 mm/hr 

Based on design rainfall data 

adopted for the purpose of the 

present investigation 

Rainfall Erosivity Factor (R) 2023 
Based on 2 year ARI, 6 hour 

duration design storm 

Soil/sediment Type 
Soil Hydrologic 

Group B 
Medlow Bath Soil Landscape 

Soil Erodibility Factor (K) 0.035 
Taken from Table C18 in 

Appendix C of Landcom, 2004 

Erosion Control Practice Factor (P) 1.3 
Representative of compacted and 

smooth surface conditions on site 

Cover Factor (C) 1.0 
Representative of bare earth 

conditions on site. 

 

Temporary Sediment Sumps 

 

Figures 6.1 to 6.3 also show the locations where temporary sediment sumps could be built to 

control runoff from disturbed areas during construction. 

 

The location of the sumps was determined based on a review of the available contour data and 

an assessment of the likely location where runoff from the highway corridor will discharge to 

receiving drainage lines during the construction phase of the project.  Ultimate requirements for 

temporary sediment sumps along the length of highway corridor will be dictated by final design of 

the road upgrade, proposed construction methods and staging plans, and site management 

practices. 

 

6.2.2 Use of Permanent Stormwater Basins During Construction 

 

Figure 6.2 shows the location of the proposed permanent stormwater detention basin 

downstream (north) of the highway corridor in Section 2 circa DRC 16500, which could be 

utilised as a temporary sediment retention basin during construction. 

 

Figure 6.3 – Sheet 2 of 2 shows the location of a potential permanent stormwater detention 

and/or water quality basin at the northern end of Fairy Dell Road in Section 3 circa DRC 17420.  

Whilst the need for this water quality improvement measure is subject to confirmation as part of 

the environmental assessment process, if confirmed this site could also be utilised as part of the 

erosion and sediment control strategy during construction of the safety upgrade works. 



Roads and Maritime Services 

Drainage Investigation  

Great Western Highway – Mount Victoria Village Safety Upgrade 

 
 

 

MVVSU_r1.0_Report.doc Page 32 Lyall & Associates 

August 2013 Rev. 1.0 Consulting Water Engineers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Page Intentionally Left Blank] 

 

 



Roads and Maritime Services 

Drainage Investigation  

Great Western Highway – Mount Victoria Village Safety Upgrade 

 
 

 

MVVSU_r1.0_Report.doc Page 33 Lyall & Associates 

August 2013 Rev. 1.0 Consulting Water Engineers 

7 REFERENCES 

 

DECC (2008). “Managing Urban Stormwater – Soils and Construction”. Volume 2D – Main Road 

Construction. 

 

IEAust (1998). “Australian Rainfall and Runoff”. Volumes 1 and 2. Published by the Institution of 

Engineers, Australia. 

 

Landcom (2004). “Managing Urban Stormwater – Soils and Construction”. Volume 1, 4th Edition. 

 

L&A (2007).  “Stormwater Drainage Investigation – Lawson Section 2 (West), Great Western 

Highway”. 

 

RMS (2011). “QA Specification G38”, Edition 1, Revision 3. 

 

RMS (2008). “Erosion and Sedimentation Management Procedure”. RMS Procedure PN143P, 

Version 2 dated November 2008. 

 

SCS (1994). “Soil Landscapes of the Katoomba 1:100,000 Sheet Map”. 

 

 



Roads and Maritime Services 

Drainage Investigation  

Great Western Highway – Mount Victoria Village Safety Upgrade 

 
 

 

MVVSU_r1.0_Report.doc Page 34 Lyall & Associates 

August 2013 Rev. 1.0 Consulting Water Engineers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Page Intentionally Left Blank] 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

 

PLATES SHOWING ELEMENTS OF 

EXISTING HIGHWAY DRAINAGE SYSTEMS 
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Plate 1 – Informal open pit at outlet of stone culvert crossing GWH at DRC 15530 (cross drainage structure X1).  

 

Plate 2 – Looking east from outlet of stone culvert at DRC 15530 (cross drainage structure X1). Note private 

residence in the background. 
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Plate 3 – Looking south at ungrated inlet pit for existing 375 mm diameter pipe crossing GWH at DRC 15590 

(cross drainage structure X2). 

 

Plate 4 – Looking east from GWH at DRC 15590 at heavy vegetation downstream of outlet of cross drainage 

structure X2. 

Inlet pit 
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Plate 5 – Looking north-west at inlet pit for existing 600 mm diameter pipe crossing GWH at DRC 16170 (cross 

drainage structure X3). 

 

Plate 6 – Looking north-east from GWH at DRC 16170 near outlet of cross drainage structure X3. Note rail line in 

the background. 
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Plate 7 – Looking north from GWH near outlet of cross drainage structure X4 at DRC 16490. Note vacant 

alotments in the foreground, and existing warehouse facility in the background. 

 

Plate 8 – Looking south from Harley Avenue at existing warehouse that lies downstream of cross drainage 

structure X4. 
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Plate 9 – Looking south across the GWH at DRC 17370 at the inlet of cross drainage structure X6. 

 

Plate 10 – Inlet arrangement on northern side of GWH at DRC 17370, downstream of cross drainage structure 

X6. 
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Plate 11 – Inlet pits on Fairy Dell Road, which contribute runoff to the 450 mm diameter piped drainage sys tem 

downstream of cross drainage structure X6. 

 

Plate 12 – Looking north along drainage line at outlet of piped drainage system at northern end of Fairy Dell 

Road. 
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