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2 General design requirements 

2.1 Introduction 

The purpose of this chapter is to introduce and discuss a number of general design requirements for 
road drainage infrastructure. The requirements presented cover a range of topics. More specific 
design requirements are contained in relevant chapters. 

The intention is that this chapter should be referenced first to establish general and some specific 
drainage requirements for a project. Topic-specific chapters, such as Chapters 7, 8, and 9, should be 
then referenced as applicable/required. 

2.1.1 Definitions 

The term ‘design requirements’ encompasses all design: 

• considerations 

• controls 

• criteria 

• standards that must be included in or be part of the design process. 

Design considerations encompass all aspects, issues, functionality, expectations, demands, 
constraints, risk and cost that need to be appropriately addressed, or to be taken into account, in order 
to satisfy design criteria and determine trade-offs. Refer to Section 2.3 for further discussion regarding 
design considerations. 

Design controls are aspects of the road environment or project that cannot be changed, or are 
extremely difficult to change and, therefore, place some restriction or control on the design. Refer 
Section 2.4 for further discussion regarding design considerations. 

Design criteria set the expected level of achievement or conformance for relevant design parameters 
or design inputs. The design criteria ensure that the end result can be judged and defended. An 
example of a design criterion with respect to road drainage would be the Annual Exceedance 
Probability (AEP) for the design of a particular project or structure. Section 2.5 presents a number of 
fundamental design criteria while more specific criteria will be found in relevant, topic-specific 
chapters. 

Design standards, however, set approved or prescribed values or limits for specific elements of design 
or set procedures and/or guides that must be followed. A design standard with respect to road 
drainage would be the use of the Rational Method to determine the runoff from a small rural 
catchment. Design standards are presented throughout this manual. 

Both design criteria and design standards set the mandatory limits designers must work within and/or 
achieve. 

2.1.2 Determining and understanding requirements 

To assist in determining and understanding the design requirements for a road project, the Road 
Planning and Design Manual (RPDM) describes a ‘Hierarchy of Roads’ and this provides an overview 
of the road network and defines the roads that the Department of Transport and Main Roads (TMR) 
has stewardship for in Queensland. It develops the philosophy that the road hierarchy provides ‘a 
useful planning tool’ for many decision-making activities concerning the road network. This hierarchy 
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permits the department to set the design requirements for projects on roads, according to their 
function within the network. 

The department also sets the ‘design criteria’ and ‘design standards’ for road links that will deliver a 
planned level of service. Therefore, the overall standard of drainage infrastructure for a specific road 
project needs to reflect and be consistent with the function of that road within the road hierarchy. 

In order to satisfy the relevant design criteria for a project, and to determine appropriate trade-offs, a 
number of aspects, issues, functional requirements, expectations, demands, constraints, risk elements 
and costings need to be appropriately addressed or taken into account. These ‘design considerations’, 
with respect to drainage infrastructure, are progressively identified and developed to address 
geographic, hydraulic, environmental, cultural, native title and land use issues. 

During pre-project planning, target drainage criteria for the road are established and documented in 
relevant Road Route Strategies and Road Link Plans. The respective design criteria are then 
progressively addressed during the design development phase. Excessive cost to provide drainage to 
the specified design criteria may result in a review of the criteria in order to achieve a ‘fit for purpose’ 
outcome or may result in the project being delivered in stages over multiple years to achieve the 
desired outcome. 

2.1.3 Immunity criteria 

All elements within a drainage system must be designed to provide immunity against some level of 
exceedance which is usually expressed as being able to cope with a storm of a given AEP. The 
standards applicable to each element will depend upon the specific circumstances and the 
requirements of the authority that controls stormwater management at the site. The immunity criteria 
discussed within this manual, and set in the design brief/contract documentation, relate to 
individual-drainage components (such as cross- or longitudinal drainage) and not the road project, 
section or link. Furthermore, by setting the immunity criteria for various drainage components on a 
project does not imply that the road inherits the same immunity level(s). It is extremely difficult to 
assess immunity and set criteria for a road, though methods for assessing entire links have been 
developed. 

Refer Chapter 3 (particularly Section 3.2.3.2) for a more detailed discussion regarding this issue. 

2.1.4 Design life/service life 

It is important to define, in general terms, the difference between design life and service life. 

The design life of a component or system of components is the period of time during which the item is 
expected, by its designers or as required by specification, to work or perform its intended function 
within specified design parameters/operating conditions. In other words, the design life is the life 
expectancy of the item under normal/specified operating conditions. 

With respect to road drainage, operating conditions can include: 

• environmental/atmospheric/geographic conditions 

• foundation, bedding and support/cover conditions 

• traffic and loading. 

For example, the department may specify the design life for a new structural component (such as a 
culvert) as 100 years. Therefore, it is expected that the culvert will last 100 years before replacement 
or major repair is expected. 
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The service life of a component or system of components is the period of time over which the item 
actually provides adequate or satisfactory performance before repair or replacement is required. 

If the operating conditions over the life of the component or system remain within the original design 
parameters, theoretically, the design life will equal service life. However, if the operating conditions are 
or move outside of the original design parameters, service life will be less than design life. In some 
situations, this reduction in time can be considerable, leading to premature failure. 

In relation to drainage infrastructure, designers should be mindful of these two terms and ensure, 
where possible, that the designed drainage components or system are appropriately selected for the 
anticipated operating conditions. For example, concrete culvert components will have a reduced 
service life if standard culvert components are used in: 

• streams carrying abrasive material (such course gravel or small stones) 

• aggressive environments, such as sea water 

• situations where they are subject to excessive peak loads (generally from overloaded 
vehicular traffic). 

2.1.5 Reducing the cost of drainage infrastructure 

Reducing the cost of infrastructure is an important factor in the determination of design solutions. 
Costs should be whole-of-life costs, not just initial capital costs and consideration of resilience to 
extreme weather events should be included. Unfortunately, this is difficult to quantify at this stage and 
further research and development work is required in order to provide more constructive and beneficial 
guidance. 

Caution should be exercised in adopting new methods, materials or products that have not been 
referred to the department’s Engineering and Technology Branch for review and acceptance. It is 
critical to ensure that the overall outcome and/or performance of the method, material or product is 
satisfactory over the life of the infrastructure as sometimes cheaper options at the time of construction 
may not meet required long-term performance expectations and end up costing the department much 
more to repair, modify or replace. 

2.2 Road locality 

There are two major environments or zones potentially affected by drainage and are defined as ‘the 
road environment’ and ‘the external environment’. 

2.2.1 Road environment 

The road environment is the zone which the Department of Transport and Main Roads has 
responsibility for and, therefore, is under its control. It is defined as the road corridor as defined by 
property boundaries (also known as ‘road reserve’). It is important to note that not all boundaries are 
clearly defined, particularly within large western properties and reserves. In these situations, the road 
reserve is usually based about the existing road centreline and planners and designers need to further 
investigate to establish applicable boundaries. 

2.2.2 External environment 

The external environment is the zone outside of the road corridor, which may include sensitive areas, 
such as wetlands rainforest, sand dunes, waterways or private properties or other infrastructure (such 
as railways). The external environment may extend for some distance from the road environment and 
is not the responsibility of the department. However, the department needs to liaise or work with 
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relevant stakeholders and authorities with respect to any proposed project as drainage work within the 
road environment may affect the external environment both upstream and downstream from the 
project. 

2.3 Design considerations 

2.3.1 Identifying design considerations 

Section 4.3.1 of the Austroads Guide to Road Design — Part 5 is accepted for this section. 

2.3.2 Geometric considerations 

Section 4.3.1 of the Austroads Guide to Road Design — Part 5 is accepted for this section. 

2.3.2.1 Stream geometrics 

Section 4.3.1 of the Austroads Guide to Road Design — Part 5 is accepted for this section subject to 
the following amendment: 

Addition(s) 

1. It is important to note that licences are required from the relevant State Government 
Department to change the alignment of any defined watercourse. Experience has shown that 
the process of obtaining relevant licences may be difficult. 

2. Designers must include an understanding of stream morphology when considering stream 
geometrics. Streams are dynamic and can change over time. This aspect is important. 

2.3.2.2 Road geometrics 

Section 4.3.1 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

2.3.3 Geographic considerations 

Section 4.3.1 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to: 

Addition(s) 

1. Geographic conditions play a significant role in the determination of what type of drainage 
structure and/or controls may be adopted at a given location. Structures and controls that are 
appropriate in one part of the state may not be suitable in other areas. This is also true for the 
prevention of erosion. 

This section discusses some key issues for different situations and regions across the state. 

Most of the department’s roads are located in rural regions, so standard practices for the 
planning and design of road drainage should address most of the issues that will arise in these 
areas. However, it is important to note that these issues can also apply in urban regions. The 
design of drainage systems in all regions should ensure that the road level and associated 
drainage infrastructure is adequate to provide the specified level of flood immunity. 

2. Locations subject to inundation by water, such as floodplains or coastal areas, either by tidal 
flow or backwater, require careful consideration of how drainage infrastructure will operate 
under a range of water levels. The presence of high and low water levels requires significantly 
different approaches: 

− when downstream water levels are high, the hydraulic capacity of a structure may be 
limited 
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− when downstream water levels are low, high velocities can result, thereby maximising the 
potential for erosion to occur. 

It is therefore very important that both cases are considered during the design of drainage 
infrastructure. 

Regular inundation (i.e. changing water levels) can also accelerate the erosion process through the 
saturation of banks which may then fail as water levels reduce. 

In coastal regions, the effects of tidal influence and climate change allowance (refer Chapter 1) on 
areas of inundation will need to be assessed. 

2.3.4 Environmental considerations 

Section 4.3.1 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
the following amendment: 

Addition(s) 

1. There are two important documents that should also be referenced when considering water 
quality issues. The first is Australian Runoff Quality – A guide to Water Sensitive Urban 
Design (2006), published by Engineers Australia and the second is Water Sensitive Urban 
Design – Technical Design Guidelines for South East Queensland (2006), published by 
Moreton Bay Waterways and Catchments Partnership. 

2. Transport and Main Roads’ Fauna Sensitive Road Design Manual should also be referred to 
with regard to fauna movement considerations. 

3. Design must comply with "Accepted development requirements for operational work that is 
constructing or raising waterway barrier works" effective date 1st October 2018, by the 
Department of Agriculture and Fisheries (DAF). 

2.3.5 Selection of drainage infrastructure 

Determining the type of structure for any crossing is an important consideration and there are a 
number of factors that need to be addressed in this process. It may be necessary to assess several 
options of different crossing types and sizes in order to appropriately meet the design requirements 
and objectives. There are three main types of cross-drainage structures used on roads and each has 
particular advantages and disadvantages. The three types are bridges, culverts and floodways as 
shown in Figure 2.3.5.1. 

2.3.5.1 Relevant factors 

The relevant factors that need to be considered in selecting infrastructure are grouped into ‘hydraulic’ 
and ‘other’ factors. 

The hydraulic factors include: 

• Flood discharge: Defined waterways with a large discharge are more suited to a bridge 
because of the larger waterway area. The large discharge will also generally occur in rivers or 
large creeks, where a bridge is more appropriate and cost effective. Depending on location 
and importance of road, in flat terrain where the waterways are less defined and road 
embankment is typically low, a floodway may be the better option. 

• Stream channel conditions and topography: Similarly, with the consideration of discharge, the 
shape and size of the channel and the catchment will also indicate a bridge, culvert or 
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floodway. Large and well-defined channels will be better suited to a bridge, while less 
well-defined, smaller channels will be more suited to a culvert, especially where multiple 
openings are required (such as on floodplains). Floodways again could be considered, 
particularly in flat terrain/low embankment situations. 

• Afflux constraints: The most suitable structure may be indicated by the amount of flow that can 
pass through/over the structure with acceptable afflux. The location and extent of afflux needs 
to be considered in detail and the alternatives assessed to minimise afflux. 

• Debris properties: Culverts will normally have a smaller waterway area and present a greater 
obstruction to the flow. They are more prone to collection of debris. If there is a large amount 
of debris conveyed by a stream, a bridge or larger culvert may be more suitable. 

• Scour risk: Scour can be affected by the size and type of waterway structure. If a structure 
concentrates flow significantly, risk of scour may be increased, so structures that spread the 
flow may be favoured in these locations. This is especially important for drainage in 
floodplains where the flow paths may not be well-defined. 

• Fish passage requirements: where the structure is on a mapped waterway for waterway 
barrier works the selection of the structure is impacted by legislative requirements. This can 
impact economics, hydraulic and structural design. 

Figure 2.3.5.1 – Primary drainage infrastructure types 
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Other relevant factors that need to be considered include: 

• Road alignment: Sometimes the alignment of the road is well-defined and this may not be the 
best arrangement for drainage. This may sometimes occur where land tenure needs to be 
considered and the alignment follows streams rather than crossing at a zero skew. In these 
cases, the sizing and locating of drainage structures must be carefully considered. 

• Level of serviceability: This includes the required flood immunity or ‘trafficability’, and the type 
of structure that will be best for meeting this requirement. 

• Navigation: Structures crossing rivers where boat traffic needs to be considered must allow for 
specified clearances for this traffic. 

• Soil conditions: Particular soil conditions, such as marine mud or acid sulphate soils, for 
example, may be a problem and this can affect the selection of drainage structures. 

• Fauna movement: This is an important consideration in many locations. 

2.3.5.2 Bridge, culvert or floodway 

There are a number of factors and issues that need to be considered in the selection of the most 
suitable/appropriate structure for a particular crossing. These are listed in Table 4.4 of the Austroads 
Guide to Road Design – Part 5. 

2.3.5.3 Culvert types 

Selection of the culvert type is important in some applications. The choice is between the predominate 
types: 

• pipes (any material type) 

• box culverts including slab link culverts 

• slab deck culverts (cast in situ) 

• multi-plate arches. 

Arches and ‘cast in situ’ culverts are not common and, if being considered, specialist advice must be 
obtained, including from the department’s Structures section, located within the Engineering and 
Technology Branch. 

There are two issues of particular concern for selecting the type of culvert. The first is related to the 
waterway area at low flow depths and, secondly, the extent to which the culvert spreads the flow. 

Box culverts and slab deck culverts provide for a greater waterway area at shallow depths, while pipes 
need to flow at a greater depth before the maximum flow capacity is reached. The use of pipes, 
however, does tend to spread the flow to a greater extent, which is often desirable for consideration of 
concentration of flow and risk of scour. 

A further consideration for pipe culverts is material type. There are several different material types 
available: 

• reinforced concrete 

• corrugated steel (plate or rolled) 

• polyethylene and polypropylene 

• fibre-reinforced. 
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Reinforced concrete pipes (RCPs) are the most common type used by the department. This is 
primarily due to the product’s availability, strength, serviceability, durability, overall cost (design, 
construction and operation) and confidence in the product meeting design/service life requirements. 

The selection of steel rather than concrete for the culvert material can be suitable as these culverts 
are generally quicker and easier to construct, as well as easy (and potentially cheaper) to handle and 
transport. Designers should note that traditional steel culverts are no longer used by the department 
as they do not meet the required 100 years’ design life. To achieve this requirement, steel culvert must 
have added protective coatings (refer to Section 9.2.6.8). Steel culverts with protective coatings need 
to be product approved by the department’s Structures section. 

Polyethylene and polypropylene pipes are available, but are not currently approved for use as culverts 
under a state-controlled road. They can be considered for applications which are not subjected to 
traffic loading. In these instances, confirmation of acceptance for the proposed use of these culvert 
types should be sought from the department. 

Fibre-reinforced pipes are also limited to smaller diameter sizes. These pipes have some flexibility 
within the walls of the culvert and tolerate construction loads and low cover installations better than 
reinforced concrete pipes. Fibre-reinforced pipes must meet the requirements within MRTS26 
Manufacture of Fibre-reinforced Concrete Drainage Pipes July 2017 (TMR 2017a) and be product 
approved by the department’s Structures section. 

Considerations in selecting culvert type and material type are product and installation costs, 
availability (including transport of product to site), constructability, site conditions, environmental 
requirements, product longevity and serviceability and will also influence the decision as to which 
structure type and material type is most appropriate for a given site. 

Many of these aspects and issues will be discussed and/or addressed throughout the remaining 
chapters of this manual. 

2.3.6 Maintenance considerations 

The provision for maintenance is an integral component of the planning and design phases of road 
drainage. Adequate maintenance is necessary for the proper operation of the drainage system. The 
lack of maintenance is one of the most common causes of failure of drainage systems (and erosion 
and sediment controls). This may be attributed to reasons such as a significant reduction in hydraulic 
or storage capacity (such as blockage by debris or sediment). Inspection, mowing, channel clearing 
and repair, cleaning out culverts and repairs to protective treatments are just some of the maintenance 
operations that need to be easily and safely undertaken over the life of the structure. 

Specific details on maintenance procedures and requirements for road drainage systems are provided 
in Chapter 14. 

To enable maintenance to be properly and safely undertaken during road construction and operation, 
consideration must be given at the design stage to the requirement of the Workplace Health and 
Safety Act 1995 to make a safe maintenance workplace. 

2.3.7 Safety considerations 

Section 2 of the Austroads Guide to Road Design – Part 5 (in its entirety) is accepted for this section 
subject to the following amendments. 
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Addition(s) 

1. Reference should also be made to Chapter 12 of Queensland Urban Drainage Manual 
(QUDM), 4th Edition 2016. 

2. Maintenance access – safe access needs to be provided to all drainage structures that require 
either ongoing (that is, mowing of drains) or occasional (being removal of debris) 
maintenance. This access is required for vehicles and maintenance crews, depending on the 
type of maintenance that will be undertaken. Safe access to erosion and sediment control 
devices during the construction phase should also be allowed. 

3. Traffic safety – projecting culvert ends have the potential to act as obstructions to ‘out of 
control’ vehicles. Where there are no safety barriers, culvert ends should be designed to not 
present an obstruction. If obstructions from projecting culverts or head walls are unavoidable 
then safety barriers should be considered. 

4. Energy dissipators – reference should also be made to Chapter 12 of QUDM. 

Energy dissipators are very costly to build and maintain, and changes to the design, such as 
flattening of channel gradient to reduce high velocities, is preferred. 

2.3.8 General construction considerations 

Designers need to consider how drainage infrastructure is to be built. Non-standard structures — that 
is, structures that don’t comply with departmental Standard Drawings and Specifications — will be 
more difficult, take more time and, therefore, be more costly to build. Specialist advice should be 
sought to ensure that proposed non-standard structures are not only ‘buildable’, but also meet 
acceptable hydraulic and durability performance criteria over the life of the structure. 

Generally, road construction projects should be undertaken during the dryer months of the year, 
particularly projects that include major drainage structures. This can be challenging in areas with high 
rainfall wet seasons (for example, monsoonal influence) and where the wet season also affects 
access to the construction site. 

While designers must develop drainage solutions that are efficient in terms of purpose (hydraulic 
performance, immunity and so on) and whole-of-life costs (construction and maintenance), where 
expected project construction is likely to be affected by the wet season, speed of construction can 
become a consideration in the development of drainage options. With respect to culverts, caution 
should be exercised and specialist advice sought as while RCP culverts are quicker to construct than 
reinforced concrete box culverts (RCBC) structures, RCBC structures with single pour base slabs, 
when under construction, are considered less prone to ‘damage’ due to heavy rainfall or minor 
channel flows. 

2.3.9 Staged construction of roads 

Table 4.1 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to the 
following amendments. 

Addition(s) 

1. Whole-of-life considerations dictate that the design of a road takes proper account of both 
expected and potential changes that will or may occur as traffic grows and the surrounding 
land use develops or changes. 
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If designs ignore the requirements for future upgrading, future projects will be more difficult 
and much more expensive to implement than they would have been if appropriate provisions 
were included in the original design. 

The fundamental elements to be addressed in designs to allow for future upgrades include: 

− carriageway or formation widening (such as for an additional through, auxiliary and/or 
overtaking lane, for a noise barrier, for a safety barrier) 

− duplication of carriageways 

− intersection and interchange changes or upgrades. 

Providing for the future cross-section and ultimate road configuration when designing drainage 
systems requires careful consideration of the various components of the drainage system. 

2.3.9.1 Cross-drainage 

Aspects of cross-drainage that require special consideration for staged construction include: 

• hydraulic efficiency and capacity of the culvert in its initial (short) and ultimate (long/extended) 
forms 

• possible change in culvert operation (inlet control/outlet control) and subsequent outlet velocity 
changes 

• potential variation in afflux and/or allowable headwater changes 

• positioning of culvert inlets and outlets (within the stream) 

• changes to the inlet/outlet of adjacent culverts (in the same stream) where these are located 
within the median of a dual carriageway and where future widening will be within the median 
(for example, culverts may become connected) 

• environmental considerations (such as scour prevention measures, fish or animal passage) 

• resumptions (such as land required to accommodate future culvert inlets and outlets, 
allowance for maintenance access) 

• cover over future culvert extensions due to carriageway widening (on the outside of the 
formation and/or in the median). 

2.3.9.2 Longitudinal drainage 

Aspects of longitudinal drainage that require special consideration for staged construction include: 

• drainage of the ultimate median which must be provided for with: 

− height of pipes and inlets designed to fit the initial and ultimate shapes of the median and 
carriageway 

− designed capacity and hydraulic operation suitable for the initial and ultimate 
configurations 

− conversion of an open channel within the median to an underground piped system and the 
requirements for outlets 

− road safety impacts with drainage inlets structures within the median. 



Chapter 2: General Design Requirements 

Road Drainage Manual, Transport and Main Roads, September 2019 11 

• drainage connections to bridges (including any pollutant control devices) may need to be 
designed for the ultimate configuration (for example, need to cope with additional surface 
runoff from a widened structure) 

• resumptions (such as land required to accommodate catch drains, diversion drains or 
channels, maintenance access, sedimentation basins) 

• environmental considerations (such as size and location of sedimentation basins). 

2.3.9.3 Surface drainage 

Aspects of surface drainage that require special consideration for staged construction include: 

• aquaplaning (for example, pavement widening may create a problem where before there was 
none, the application of superelevation in the initial stage may need to suit the ultimate stage) 

• use of crowned multi-lane one-way carriageways to reduce aquaplaning will impact on 
drainage design (for example, a third lane added to the median inside of a two-lane 
carriageway may be crowned and so drain towards the median) 

• addition of kerbing/kerb and channelling in the future (such as channelisation of an 
unchannelised intersection when widening a two-lane carriageway to three lanes). 

2.3.9.4 Subsurface drainage 

Aspects of subsurface drainage that require special consideration for staged construction include: 

• location and capacity of sub-soil drains 

• location of outlets and cleanout points to allow for ultimate shape 

• changes to the water table and groundwater flows. 

2.3.9.5 Medians and obstructions 

In divided roads where the ultimate median has a concrete safety barrier and the median width is at or 
near the absolute minimum, the ultimate median drainage system will require the use of drop inlets to 
an underground drainage which can be located beneath the barrier itself. 

The location of obstructions or immovable features, such as bridge piers and abutments, must be 
carefully considered to enable the future stage development of the cross-section of the road to be 
implemented without major change to these features. 

Preserving the required aboveground horizontal and vertical clearances to these features is essential 
in this process, as well as providing underground clearances from footings or abutments to the 
underground stormwater drainage system. 

2.4 Design controls 

Design controls are aspects of the road environment or elements of the project that cannot be 
changed or are extremely difficult or costly to change. These aspects and elements, therefore, place 
restrictions and controls on the design. Design controls can either place a direct restriction on a project 
or at least influence the development of design options becoming design considerations. 

One example of a design control with respect to drainage may be the width of the road reserve. Where 
resumptions are undesirable, the existing right-of-way could limit the available space for drainage 
infrastructure and therefore control what can be done. 
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Another example may be the location of the horizontal alignment/centreline. While the design of the 
horizontal alignment should consider drainage elements, there are many reasons why the location of 
the horizontal alignment may be fixed. This could then directly restrict or influence the drainage 
design. While it is possible, vertical alignment should rarely be a design control over drainage design 
as both elements need to be developed holistically in order to achieve an appropriate design solution. 

2.5 Design criteria 

2.5.1 Terminology 

Drainage infrastructure for a road project is planned and designed to provide a standard or level of 
flood immunity that conforms to good engineering practice and that also meets government and 
community expectations. Flood immunity is specified in terms of the probability that a specified event 
(that is, rainfall or discharge) will be exceeded. Conventionally, and in prior versions of this manual, 
flood immunity had been based on an Average Recurrence Interval (ARI), defined as the average 
interval in years between exceedances of the specified event. Now, however, the department has 
adopted a different probability terminology in line with the latest edition of Australian Rainfall and 
Runoff. 

The new terminology is to specify flood immunity in terms of either an AEP or a number of 
Exceedances per Year (EY). The AEP, expressed as a percentage, is defined as ‘the probability that a 
given condition, such as rainfall total accumulated over a given duration or flow rate, will be exceeded 
in any one year’. The reasoning for adopting this changed terminology is that it better meets 
requirements in terms of providing: 

• clarity of meaning 

• technical correctness 

• practicality and acceptability (BoM 2013). 

The preferred use of the adopted terminology is presented in Table 2 5.1. It can be summarised as 
(BoM 2013): 

• AEP will be used for design events (rainfalls and floods), including and rarer (less frequent) 
than those with a 10% AEP. 

• AEPs are to be expressed as an exceedance probability using percentage probability – for 
example, a design rainfall will be described as having a 1% AEP. 

• Events that are more frequent than those with a 50% AEP will be expressed as XEY; for 
example, a design event (rainfall or flood) with a six-month recurrence interval will be 
expressed as having two 2EY. 

• The use of Average Recurrence Interval (ARI) is discouraged as it is problematic for frequent 
events in seasonal climates and leads to confusion with the public for rare events. 

It is recognised that the Austroads Guide to Road Design — parts 5, 5A and 5B use the ARI 
terminology and therefore practitioners will still need to be familiar with this. Table 2.5.1 can be used to 
translate between ARI terminology and AEP or EY terminology. Alternatively, with ARI expressed in 
years, the relationship to AEP is: 

𝐴𝐴𝐴𝐴𝐴𝐴(%) = �1 − 𝑒𝑒𝑒𝑒𝑒𝑒 �
−1
𝐴𝐴𝐴𝐴𝐴𝐴

�� × 100(%) 
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Some hydraulic calculations (for example, the hydrograph method of determining Average Annual 
Time of Submergence/Average Annual Time of Closure) currently contain ARI terms in their 
equations. In these instances the probability term needs to be expressed as an ARI. 

It should be noted that the equivalence between EY, AEP and ARI for events more frequent than an 
AEP of 1 in 10 reflects the differences that arise when using an annual rather than a partial series to 
calculate exceedances. This ‘bias correction’ was allowed for in the Australian Rainfall and Runoff 87 
(ARR87) design information, but not in the Intensity-Frequency-Duration (IFD) 2013 rainfalls provided 
by the Bureau of Meteorology. Accordingly, the IFD 2013 rainfalls for an AEP of 1 in 2 are equivalent 
to rainfalls with an ARI of 1.44 estimated using ARR87 information. Similarly, the IFD 2013 rainfalls for 
an AEP of 1 in 5 are equivalent to rainfalls with an ARI of 4.48 estimated using ARR87 information. 
Thus, if the design rainfalls between ARR87 and IFD 2013 are to be compared for AEPs more 
frequent than 1 in 10, then the appropriate adjustments must be made. 

Table 2.5.1 – EY, AEP, ARI preferred usage (shading indicates term to use used) (adapted from 
BoM 2013) 

EY AEP (%) AEP 
(1 in x) ARI Typical uses in engineering design 

6 99.75 1.002 0.17 

Fish passage and water sensitive urban 
design 

4 98.17 1.02 0.25 

3 95.02 1.05 0.33 

2 86.47 1.16 0.50 

1 63.21 1.58 1.00 

0.69 50.00¹ 2 1.44 
Stormwater/pit and pipe design 

 
 

Floodplain management and waterway 
design 

0.5 39.35 2.54 2.00 

0.22 20.00¹ 5 4.48 

0.2 18.13 5.52 5.00 

0.105 10.00 10 9.49 

0.1 9.51 9.51 10 

0.051 5.00 20 19.5 

0.05 4.87 20.53 20 

0.02 1.98 50.51 50 

0.01 1.00 100 100 

0.005 0.50 200 200 

0.002 0.20 500 500 

0.001 0.10 1000 1000 

0.0005 0.05 2000 2000 

0.0002 0.02 5000 5000 Design of critical infrastructure (for 
example, dams) 

Note: 

¹ It should be noted that for the 20% and 50% AEP the usual conversion to EY or ARI as simply the inverse of 
AEP does not apply – the corresponding correct EY and ARI values are shown in the table. 
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Within a project, the design criteria will vary in accordance with road type and whether the design 
relates to cross-drainage, surface drainage, urban drainage, or construction phase drainage, including 
erosion and sediment control. Guidance as to suitable AEPs/EYs for each of these situations is 
provided in the following sections. 

2.5.2 General hydraulic criteria 

Hydraulic criteria include: 

a) design discharge 

b) flow velocities 

c) permissible velocities 

d) flood and stream gradient 

e) fauna passage requirements 

f) fish passage requirements 

g) erosion and sediment control 

h) permissible afflux 

i) tailwater levels and backwater potential 

j) pollution control (water quality criteria) 

k) road closure periods/AATOS 

l) inundation of adjacent land 

m) maintenance of flow patterns. 

Establishing the hydraulic criteria requires an understanding of the hydrologic and hydraulic conditions 
of the site or project. 

2.5.2.1 Design discharge 

The design discharge is the flow rate of the defined probability (or Average Recurrence Interval) for 
the required drainage works. Usually, the design discharge is used to provide the size of the drainage 
structure and the level of the road. The design discharge is expressed as a flow rate, usually as cubic 
metres per second (m³/s). 

Usually, the discharge is calculated directly by a hydrology procedure, such as the Rational Method for 
the drainage structure and this discharge is used directly. 

In more complex situations, the design discharge is calculated while accounting for attenuation or 
diversions. 

2.5.2.2 Flow velocities 

The flow velocity is a critical parameter used in design of drainage structures. It is the velocity of the 
flow of the water in the flow path. The flow velocity can be calculated for a particular location in a 
stream cross-section or it can be an average over a portion or the whole of the cross-section. 

Flow velocity can be calculated using Manning’s Equation by a hydraulic model or it can be measured 
during an actual flood event. 

Flow velocities are usually calculated initially for the natural channel, without any drainage works. This 
velocity indicates the natural conditions which can be used as a basis for the consideration of the 
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drainage works. Flow velocities can then be calculated for the conditions with the addition of the 
proposed infrastructure. 

Flow velocity in a flow path depends on the slope and geometry of the flow path, as well as the 
channel roughness and the amount of flow. It is often very variable across a cross-section and along a 
reach of a stream. 

2.5.2.3 Permissible velocities 

When designing a drainage structure or channel, the flow velocity is an important input to the design 
process. This is because excessive flow velocities will cause scour. 

The risk of scour depends on the gradient (slope) and geometry of the channel, the soil conditions and 
the vegetation cover. When the velocity of the flow increases beyond a limit, the risk of scour will 
increase. In the design, the permissible flow velocities need to be defined to help in the design 
process. 

The process used is as follows: 

• The drainage structure (culvert, bridge, floodway or channel) is designed based on the best 
available information. 

• The design flow velocity for the preliminary design is calculated. 

• The maximum permissible flow velocity is compared to the calculated design velocity. 

• The design may be modified to meet this limit by increasing the waterway area or reducing the 
slope. 

• If this is impossible because of constraints, appropriate mitigation measures will be needed. 

The permissible velocities depend on the material of the channel bed, the type of soil, channel 
gradient and shape as well as vegetation cover. Permissible flow velocities are listed in tables that can 
be found in Chapter 8. 

While the permissible flow velocities are set mainly to counter the risk of scour, the permissible flow 
velocity may also depend on other environmental factors, such as the allowance for fish passage. 

2.5.2.4 Flood and stream gradient 

Flood and stream gradients are considerations in drainage designs, since these affect stream 
discharges (hydrology) and flow velocities and flood levels (hydraulics). 

As discussed in Chapter 8, there are three different gradients or slopes that are relevant in road 
drainage design: 

• Energy gradient – the profile of the energy line in a flood. While this slope is not easily 
measured, it is the gradient used in the hydraulic calculations. It is usually estimated for use in 
calculations. 

• Water surface slope – the profile of the surface of the water. This is the slope measured by 
observing a series of flood levels along the waterway. In open channels, the water surface 
slope is also the Hydraulic Grade Line (HGL). 

• Bed slope – the profile or slope of the bed of the channel. This slope can be measured from 
survey data or topographic maps. While not directly used in the hydraulic analysis, for 
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reasonably uniform channels, the bed slope can be used to approximate the water surface 
slope/energy gradient. 

Another term used is ‘ground’ or ‘catchment slope’ and the value is used in some hydrology 
procedures. The value is a representative slope for the whole catchment. 

Higher gradients lead to greater flow velocities, which result in lower flood levels, but increased risk of 
scour. 

2.5.2.5 Fauna passage requirements 

When a road is built, it tends to fragment habitat and lead to greater risk to fauna that cross the road. 
Since the drainage structures cross under the road, these can potentially be used to provide a safe 
means for fauna to cross between habitats. To provide this, the drainage structures may need to be 
modified to make this passage easier. Both terrestrial and aquatic fauna (especially fish) need to be 
considered. Fish passage is an especially important case and this is described in Section 2.5.2.6. 

When considering the requirements for fauna transfer, several issues must be considered as follows: 

• consult with environmental experts to confirm that the best information possible is being 
incorporated 

• identify the relevant environmental issues 

• identify fauna types that may use the transfer 

• determine the appropriate requirements. 

Usually the culvert can operate effectively as a drainage structure while also providing a means for 
fauna to cross the road. 

Particular considerations for the fauna transfer are as follows: 

• normally it is important to supply a dry passageway so that the fauna can move through the 
culvert without getting wet 

• this can be provided by dividing the culvert into wet and dry cells, with the inverts of some 
cells kept higher than others. When larger floods occur, the whole culvert set will operate 

• a low flow channel can provide the same benefit 

• fencing may be needed to direct the fauna towards the culvert, but hydraulic issues should be 
considered 

• the culvert should not provide habitat for the fauna, since this habitat will be removed when a 
flood occurs 

• lighting may be needed in long culverts so that fauna can enter the culvert is not discouraged 
by the dark 

• vegetation is required at the entrance and exit of the culvert to provide cover in otherwise 
exposed areas. 

2.5.2.6 Fish passage requirements 

A waterway barrier is any structure that limits fish movement along the waterway. Examples of 
waterway barriers include: 

• dams 
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• weirs 

• bridges 

• culverts 

• tidal barriers 

• fords 

• causeways/floodways 

• silt curtains 

• any other barriers that restrict fish movement. 

For further information on fish passage, refer to Chapter 7 or contact a departmental Environmental 
Officer. 

2.5.2.7 Erosion and sediment control 

One of the most important environmental concerns for road drainage is erosion and sediment control. 
This should be considered in all situations and appropriate assessment and mitigation measures must 
be supplied. Scour at drainage structures can be a serious environmental problem, as well as 
providing a risk of structure failure and possible road embankment failure. 

Control of scour at culverts and channels needs to consider the permissible flow velocities noted in 
Section 2.5.2.3 and Chapter 8, which indicates the velocity limits where scour begins to become a 
problem. While these are good guidelines, each individual situation needs to be considered on its own 
merits, since there may be a large variation for different situations. 

Where necessary, erosion control measures will be needed and these are described in later sections 
of this manual. Water quality design criteria is discussed in Section 2.5.2.10. 

Temporary erosion and sediment control during construction of drainage is the responsibility of the 
Contractor. Information on the department’s temporary erosion and sediment control requirements can 
be found within MRTS52 Erosion and Sediment Control. 

2.5.2.8 Permissible afflux 

Afflux is the increase in peak water levels produced by the introduction of a culvert or bridge and is the 
comparison between the water levels for the existing conditions and the proposed conditions once the 
road has been built. Afflux is defined for a particular location and will vary across the floodplain or 
along the length of a channel. 

The allowable afflux is often a controlling factor in design of drainage structures and can be a serious 
community concern. While the department must assess the afflux expected during the planning and 
design process, local authorities will often specify the requirements that they expect in a region. 

Afflux is usually caused by a constriction in a flow path, from the construction of a culvert, bridge or 
floodway. However, in some cases, especially in flat terrain and where flow may be diverted from one 
catchment to another, it could be caused by a redistribution of flow. Afflux can also be negative – that 
is, a reduction in flood level, downstream of a constriction or where flow is diverted away from a 
stream or creek. 

The point of maximum afflux occurs immediately upstream of the road and then dissipates while 
moving further upstream. There is a point where the afflux drops to zero and the influence of the 
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bridge on flood levels disappears. In flat terrain, this point may be a considerable distance upstream, 
but in steep country with high flow velocities, the afflux may extend only a very short distance. 

The afflux also reaches a maximum at the point of overtopping of the road. Smaller floods will be 
conveyed easily through the structure, while larger floods may eventually drown out the structure. For 
very large floods, there may be no impact on flood levels, where the structure is submerged to a 
significant depth. 

Afflux needs to be considered in all drainage designs. During the planning phase, any properties, 
infrastructure or other features upstream of the crossing must be reviewed. These structures then 
need to be considered in the design and the impact on flood levels at each of these must be included 
in the design process. If there is nothing that could be adversely impacted by an increase in flood 
levels, afflux does not necessarily form a part of the design. In this case, the maximum permissible 
flow velocity through the structure is the critical factor. 

The allowable afflux will vary for individual locations. In some particularly sensitive areas, no afflux 
may be the appropriate limit. This would be in areas where there are already flood-prone properties 
and even a small increase in level could cause a significant increase in damage. In some locations, a 
small amount of afflux may be acceptable. In regions where upstream development does not provide a 
control, the flow velocity and/or allowable headwater requirement generally set the limit. In this 
instance, the afflux is often of the order of 250 mm, though higher afflux may be possible in some 
situations. 

Afflux is reduced usually by increasing the waterway area of the drainage structure, but it can also be 
reduced by channel works or other mitigation measures. 

Reducing the afflux may lead to higher costs for drainage infrastructure and it may be impossible to 
reduce the afflux at some sensitive locations, even with extensive mitigation measures. In these 
cases, careful assessment of the hydraulics and potential damage is needed and this should be 
followed by consultation with affected property owners to develop an acceptable result. 

2.5.2.9 Tailwater levels and backwater potential 

Tailwater is important for drainage design as it sets the water level at the outlet of a drainage 
structure. It, therefore, can control the hydraulic performance of the structure. 

Tailwater levels must be calculated as part of the hydraulic design for all drainage structures. There 
are a number of situations required for the calculation of tailwater, as follows: 

• Normal stream depth – in this case, the tailwater level is defined by the normal water level in 
the downstream channel and this depends on the conditions of the stream or creek. These 
conditions are the slope, channel geometry and stream roughness. The tailwater level is 
calculated using Manning’s Equation, backwater analysis or a stream rating curve. 

• If there is a downstream confluence (junction) with another stream, the tailwater level may be 
held at a higher level than would naturally be the case. In this case, the flow is at a lower 
velocity and the water levels are higher, which means that the culvert will not operate as 
efficiently as it would if the downstream water level was lower. This is especially the situation if 
the road crosses a tributary just before this tributary joins a major stream. Two cases need to 
be analysed. First, assuming a major flood in the downstream catchment of the major stream. 
This may result in a higher flood level in the tributary, which may be critical for the design. 
Second, assuming normal to low flows in major stream, a local catchment flood in tributary 
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may result in lower flood levels but make a critical case for the consideration of velocities 
through the structure. 

• Similar to the tributary situation, a downstream lake or dam can affect the tailwater level. In 
this case, the stream flows into a lake, natural or artificial, and this body of water holds up the 
flood levels and thereby increases the tailwater level. This increase can occur over time, 
giving a dynamic tailwater. 

• Another infrastructure crossing or artificial constriction downstream of proposed crossing can 
affect tailwater levels. 

• If the road crossing is close to the ocean or an estuary, the tailwater level may be controlled 
by the level of the ocean. In this case, the water level will depend on tidal levels, as well as 
possible effects from storm tides or waves. The assessment of an appropriate tidal tailwater 
level for design of drainage structures is a difficult problem. A major issue is the risk of 
occurrence of a particular tide at the same time as a major flood. Analysis of a range of tidal 
levels may be of value as for the consideration of a downstream tributary. If a high tide is 
analysed, this may give the critical event for flood levels on the road, but the flow velocities will 
be low. On the other hand, analysis of a lower tide will give lower flood levels, but the flow 
velocities may be critical for the design. 

2.5.2.10 Pollution control – Water quality design criteria 

Section 3.4.1 of the Austroads Guide to Road Design – Part 5 is accepted for this section, with the 
following additions / amendments. 

Addition(s) 

1. Performance criteria: Departmental projects shall endeavour to meet the intent of 
Queensland’s State Planning Policy. These objectives (February 2015) are: 

• 75 – 85% minimum reduction in total suspended solids from unmitigated development 

• ~60% reduction in total phosphorus 

• 40 – 45% reduction in total nitrogen 

• 90% reduction in gross pollutants (> 5mm). 

2. For further advice on the water quality design criteria for a specific project, refer to the 
environmental assessment for that project. 

3. Guidelines for the selection of specific pollution control options for a project are set out in 
Chapter 7. 

4. In urban catchments, reference should also be made to Australian Runoff Quality – A Guide to 
Water Sensitive Urban Design (EA 2006) and to QUDM. 

2.5.2.11 Road closure periods/Average Annual Time of Submergence [AATOS] 

Consideration of road closure is important in some situations to supplement the flood immunity 
assessments. The TOS and AATOS are measures of the disruption to traffic and in some ways are 
better measures of road performance than immunity. However, the actual time of closure [TOC] of a 
road typically includes a post submergence clean up and inspection time. If these aspects are 
important to the analysis being carried out, an estimate of these should be made and added to the 
TOS. 
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More details on this topic are provided in Section 2.5.3 and Chapter 10, which includes the methods of 
calculation. 

2.5.2.12 Inundation of adjacent land 

Roads can provide a restriction to flow across a flow path or floodplain and can cause ponding 
upstream. This inundation must be considered carefully (extent and duration of) in the planning and 
design of the road and any adverse impacts identified and mitigated. These impacts are important in 
urban areas where there may be development or infrastructure that may be affected. However, there 
may also be concerns in rural areas, where there may be impacts on agricultural land. 

Generally, the drainage systems for roads are sufficiently large enough that the duration of ponding is 
not increased greatly, but this may be possible in some situations. These cases need particular 
attention. 

2.5.2.13 Maintenance of flow patterns 

The road is a linear structure across the floodplain and, therefore, may divert flow across the 
floodplain, especially in flat areas. This diversion may have impacts on both economic and 
environmental factors. Any diversions should be identified and, generally, there should be minimised 
to maintain the existing flow patterns as well as possible. 

In some situations, diversions may be worth considering, especially where there are benefits to the 
cost and complexity of the drainage system, but the potential impacts must be carefully assessed to 
determine if they are acceptable. 

2.5.3 Cross-drainage criteria 

The design criteria for cross-drainage for a particular project may be set either by the client or by 
departmental strategies and may be based on any of the following conditions: 

• Flood immunity — This is defined as the AEP of a flood that just reaches the height of the 
upstream shoulder of the road. In other words, the road surface remains above / is immune to 
the flood of set AEP. Furthermore, freeboard may be required to raise the road level further to 
keep the pavement dry and/or provide a buffer in case of error in calculation. 

• Trafficability — In the past some design criteria have been set to allow traffic to continue to 
use the road while floodwater crosses the road surface. However, recent research shows that 
modern passenger vehicles become buoyant and susceptible to flood forces at much lower 
levels of roadway inundation than those used to describe closure criteria in previous 
publications of this manual. Additionally, the public safety campaign stating “If it’s flooded, 
forget it” has been widely publicised and adopted as policy by Department of Transport and 
Main Roads (TMR). Therefore, for the purposes of TMR projects, the focus of calculations 
should be on TOS and AATOS analysis. 

• Time of Submergence (TOS) — This is a measure of the expected time that the road is 
submerged in a given flood such as the 2% AEP event. Submergence is defined as the point 
where the flood immunity is exceeded. 

• Average Annual Time of Submergence (AATOS) — This is a measure of the expected 
average time per year of submergence of the road caused by flooding. It is expressed as time 
per year. 
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• Average Duration of Submergence (ADS) – This is a theoretical average time that water 
submerges a road for any individual event. It is derived as the AATOS divided by the Flood 
Immunity. 

• Time of Closure (TOC) — This is a measure of the expected time of closure of a road. The 
actual time of closure of a road typically includes a post submergence clean up and inspection 
time. If these aspects are important to the analysis being carried out, an estimate of these 
should be made and added to the TOS. 

• Average Annual Time of Closure (AATOC) — This is a measure of the expected time of 
closure of the road due to flooding, expressed as time per year. 

A TOS/AATOS assessment can be useful at an individual crossing level to discriminate between 
options. TOS/AATOS analysis can also be linked with a simplistic economic assessment, so that 
suitable immunity and AATOS criteria can be selected to balance construction costs with improvement 
of performance. 

TOS/AATOS assessment can also be applied to an entire road link as a powerful method to analyse 
relative performance of crossings enabling the best value upgrades along the link to be identified and 
prioritised. Link flood studies can use a range of complex modelling techniques (for example, 
continuous simulation). For the latest advice regarding appropriate methodology and TOS/AATOS 
criteria derived from previous link studies please contact E&T Hydraulics and Flooding unit. 

Refer Sections 2.2.5.6, 2.2.5.7 and 2.2.5.8 for specific detail regarding flood immunity criteria for 
cross-drainage for various road types. 

2.5.4 Longitudinal drainage criteria 

The requirements for longitudinal drainage will vary from project to project. The design considerations 
for the site will dictate the choice between alternative longitudinal drainage options, such as kerb and 
channel, grassed swales, and lined or unlined table drains. It is also important that the longitudinal 
drainage (drain type and capacity) of the adjoining projects be considered, when determining the 
criteria for the site being planned or designed, to ensure consistency of drainage capability and to 
mitigate potential system failure. 

In urban environments, kerb and channel has historically been favoured for most roads, though 
grassed channels and swales are also common on divided roads. 

Reference should be made to the RPDM to determine the cross-sectional components of table drains 
and other drains associated with the formation/carriageway. 

The following criteria are to be considered in determining the standard for longitudinal drainage. It is 
important to note that the standard for longitudinal drainage should be compatible with the standard 
adopted for cross-drainage as these two components of the drainage system typically work in 
combination. 

Refer to Sections 2.5.7 and 2.5.8 for specific detail regarding flood immunity criteria for longitudinal 
drainage for various road types. 

2.5.4.1 Shape of table drains 

Section 2.13.1 of the Austroads Guide to Road Design – Part 5B is accepted for this section subject to 
the following amendment. 
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Addition(s) 

1. Parabolic drains can also be used, although these are difficult to construct/maintain. 

2. Refer additional requirements in Section 11.2.4 of this RDM. 

2.5.4.2 Minimum grades 

The minimum grade for unlined drains, including table drains, is 0.5% and 0.2% for lined drains; 
however, 0.3% may be regarded as the minimum practical slope for construction. 

The base of a trapezoidal drain shall have a crossfall of 3% as required by 2.13.1 of AGRD Part 5B. 

It is preferred that the minimum width of base shall be the wider of 1 metre, or machine width (refer to 
local TMR office). Where constrained by space, a vee-invert is permissible. 

Where a concrete invert is necessary due to minimum grade requirements, the invert shall comprise a 
Type 22 section (Refer SD1033) or equivalent., to be located at the lowest point within the trapezoidal 
section. Additional lining may be required if erosion potential exists. 

Refer additional requirements in Section 11.2.4 of this RDM. 

2.5.4.3 Flow velocities 

Flow velocities in longitudinal drainage should be limited to prevent erosion. Limiting flow velocities is 
preferred over maintaining high flow velocities and providing armouring. Acceptable velocities should 
be based on the soil conditions and characteristics of the site. 

2.5.4.4 Flow depths 

Flow depths should be limited to prevent erosion and inundation of the pavement. An increase in the 
number of outflow points (such as turnouts or level spreaders) from the longitudinal drainage should 
be considered to assist in managing depth of flow. 

2.5.4.5 Median drainage 

Section 2.12.1 of the Austroads Guide to Road Design – Part 5B is accepted for this section subject to 
the following amendment. 

Addition(s) 

1. Median longitudinal drainage will usually have a concrete lined invert to assist maintenance 
and reduce the risk of errant vehicles rolling after hitting ruts caused by tractor mowing. 

2.5.4.6 Bridge runoff 

Where the drainage structure is located over a high ecological value waterway or other sensitive 
receiving water, the design of the structure should consider diversion of road runoff from direct 
discharge to the waterway. In such cases, road runoff from bridge scuppers should be discharged into 
a sediment basin, gross pollutant trap or other relevant first flush containment removal device. 

Reference should also be made to Standard Drawing No. 1178 (TMR). 

2.5.5 Road surface drainage criteria 

The requirements for surface drainage primarily relate to safety (such as aquaplaning and ponding) 
and are dealt with in Chapter 11. 
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For surface drainage, the main criterion is the allowable flow width on the road. However, flow velocity 
also needs to be addressed, particularly when pedestrian movement is adjacent to or crosses the flow. 

Refer to Sections 2.5.7 and 2.5.8 for specific detail regarding flood immunity criteria for road surface 
drainage for various road types. 

2.5.6 Immunity criteria for the National Land Transport Network 

Generally, the adopted flood immunity criteria for cross-drainage on the National Land Transport 
Network (Auslink) is 1% AEP and for other drainage components, refer tables 2.5.7 and 2.5.8 as 
applicable. Designers should use these criteria unless they have some relevant local data or 
background context, to support other standard, which will require the approval of the department. 

For major projects on the Auslink network, the Australian Government’s Department of Infrastructure, 
Transport, Cities and Regional Development will set project-specific drainage design criteria, which 
may differ from the AEP values specified in this manual and may also include TOC requirements. The 
criteria will be agreed and set in relevant project documentation and approvals. 

2.5.7 Immunity criteria for state-controlled roads – rural catchments 

For rural catchments, the generally accepted design criteria for various drainage components are 
specified in Table 2.5.7. Designers should use these criteria unless they have some relevant local 
data or background context, to support other standard, which will require the approval of the 
department. 

In some situations, it might not be possible to design for this level of flood immunity without causing 
intolerable impacts on existing development or because of extensive flooding that could not be 
managed without unacceptable cost. In such situations, the design AEP may be adjusted to allow a 
lower level of immunity (equivalent AEP relaxed to a higher AEP). In this instance, assessment and 
use of TOS for design criteria may be more appropriate. Refer discussion in Chapter 1 regarding road 
infrastructure delivery. 

This criterion also applies to rehabilitation and reconstruction projects where existing structures are 
assessed as hydraulically or structurally deficient and need to be completely replaced. 

Designers should check departmental strategies for flood immunity or trafficability requirements for 
specific routes and individual projects (refer Chapter 3). 

Table 2.5.7 – Design immunity criteria for state-controlled rural roads 

Location AEP/EY* 

Cross-drainage – excl. floodways 2% AEP 

Diversion channels 2% AEP 

Road surface drainageA 10% AEP 

Bridge deck drainage 10% AEP 

Road surface drainage of pavements 1 EY 

Water quality treatment devices 1 EY 

Notes: 
A Road surface drainage includes kerb and channel, table drains, diversion drains, batter drains and catch drains. 

* Refer to Section 2.2.1.3 for a discussion on the terminology of event probability. 
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2.5.8 Immunity criteria for state-controlled roads – urban catchments 

The design AEP for a project in urban areas will often be influenced by the capacity or capability of the 
existing drainage system or network that the new work needs to connect into. 

For urban catchments, the generally accepted design criteria for various drainage components are 
specified in Table 2.5.8. The department has also adopted the AEP criteria as described in 
Tables 7.3.1 and 7.3.2 of QUDM. Key values are included in Table 2.5.8. Designers should use these 
criteria unless they have some relevant local data or background context, to support other standard, 
which will require the approval of the department of TMR. Designers should confirm the requirements 
of any existing/connecting systems with the relevant authority. 

Urban drainage systems are generally based on the major/minor drainage system or dual-drainage 
system. This type of system or drainage concept has two distinct components: 

• The minor drainage system is designed to contain and convey fully a design minor stormwater 
flow of specified AEP with road flow limited in accordance with the requirements set out in 
Chapter 11. Refer to the Glossary for full definition. 

• The major drainage system conveys the floodwater beyond the capacity of the minor drainage 
system and up to a specified AEP. Refer to the Glossary for full definition. 

The minor and major design storms correspond to the rainfall events for the AEP chosen for the 
design of the minor and major systems respectively. 

Designers should note that the design discharge for the major system AEP may require that the 
capacity of the gully inlets and underground pipes is increased beyond that required by the design 
discharge for the minor system AEP, in order to meet the major system design criteria. 

Another important design consideration is that, with any proposed drainage system adjacent to 
sensitive areas where flood inundation will not be tolerated, the design of the major drainage system 
should also consider the flow conveyed in the underground minor drainage system, should this system 
fail due to malfunction or blockage. 

Table 2.5.8 – Design immunity criteria for state-controlled urban roads 

Location AEP/EY * 

Major system – includes all above and below ground 
components 2% AEP or 1% AEP A 

Minor system components 

Cross-drainage – excl. floodways 2% AEP 

Diversion channels 2% AEP 

Road surface drainage including intersectionsB 10% AEP 

Bridge deck drainage 10% AEP 

Sediment basins 0.5 EY 

Road surface drainage of pavements 1 EY 

Water quality treatment devices 1 EY 

Notes: 
A Refer to relevant local authority for confirmation of required Design Storm AEP, particularly where 
connecting/discharging to an existing system under their control. 



Chapter 2: General Design Requirements 

Road Drainage Manual, Transport and Main Roads, September 2019 25 

B Road surface drainage includes kerb and channel, underground pits and pipe networks, table drains, diversion 
drains, batter drains and catch drains. 

AEP for the design of retention and detention basins is project-specific and must be specified in the design brief. 

* refer to Section 2.5.1 for a discussion on the terminology of event probability 

2.5.9 Environmental criteria 

The environmental considerations and strategies for managing aspects of a project (refer to 
Section 2.3.4) that are predicted to cause environmental harm will most likely become environmental 
criteria for the project. 

Chapter 7 deals further with the development of environmental criteria. 

2.6 Water sensitive urban design 

Section 3.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to the 
following amendments. 

Addition(s) 

1. Conventional water management has been compartmentalised with water supply, wastewater 
and stormwater traditionally treated as separate entities. However, integrated water 
management needs to consider the total water cycle and this concept is increasingly being 
accepted and/or adopted. 

While the principal concern for the department is related to stormwater drainage, the 
department also has an interest in a range of other issues, such as the use of water for 
construction and water quality controls. 

Roads may represent a relatively small proportion of the total catchment, but they sometimes 
contribute significantly to water quality concerns. This is especially the case on roads with high 
traffic volumes where a number of different contaminants may be produced. Between rainfall 
events, contaminates can build up and then runoff at a greater rate than normal into receiving 
waters. 

The principles that the department need to consider include: 

a) consider all parts of the water cycle, natural and constructed, surface and subsurface, 
recognising them as an integrated system 

b) consider all requirements for water, both anthropogenic (human activity) and 
ecological 

c) consider the local context, accounting for environmental, social, cultural and economic 
perspectives 

d) include all stakeholders in the process 

e) strive for sustainability, balancing environmental, social and economic needs in the 
short, medium and long-term. 

The department also needs to be aware of all water-related issues, not only in the road 
reserve, but also both upstream and downstream. 



Chapter 2: General Design Requirements 

Road Drainage Manual, Transport and Main Roads, September 2019 26 

2.7 Extreme rainfall events and providing resilient infrastructure 

Section 4.9 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to the 
following amendment. 

Addition(s) 

1. Road infrastructure is not designed to be immune from all rainfall and flooding events. Bridges 
and roads are frequently and purposely designed to be overtopped and inundated for short 
periods of time. Design elements are to be chosen that enhance the infrastructure 
performance in these conditions, such as bound pavements, asphalt surfacing, subsoil and 
pavement drainage to cope with near surface water flows and high water tables, batter and 
scour protection, debris loading, and so on. 

Resilience to large and extreme rainfall and runoff events can be improved by: 

• improving the road network’s ability to survive future flooding events by reducing the 
extent of damage sustained in a large and extreme event 

• reducing the work and/or time required for the network to be reinstated to unrestricted 
use following a future event without changing the design flood specification. 

It is important to note that any outcomes (adverse or otherwise) resulting from an extreme 
rainfall event could occur within both the road and external environments (refer Section 2.2), 
therefore identification of possible outcomes should not be limited to the road reserve and/or 
chainage limits of the project. 

The following sections outline some situations where the design of a project should be 
assessed for adverse outcomes and risks that may occur during an extreme rainfall event. 
However, other situations may also exist where assessment should be undertaken, therefore 
careful engineering consideration and judgement should be exercised. Assistance in 
identifying or confirming situations requiring assessment and at what level (AEP) assessment 
should be undertaken at can be provided by Director (Hydraulics and Flooding), Hydraulics 
and Flooding Section, Engineering and Technology Branch. 

2.7.1 Erodible soil environments 

Section 4.9.3 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
the following amendment. 

Addition(s) 

1. Part of the road drainage design process is the determination of acceptable or maximum 
allowable velocities for stormwater flows. It should be noted that these velocities are largely 
based on research that identified the velocity when erosion/scour started to occur in different 
soil/stream types. The maximum allowable velocities for a project are then used in the design 
of various drainage structures/devices (for example, culverts and channels) to ensure design 
discharge through those devices is below the set maximum allowable velocity for that location. 
Some design solutions that may be adopted, equal or are just below the set maximum 
allowable velocity. 

2.7.2 Excessive flooding 

Section 4.9.4 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
the following amendment. 
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Addition(s) 

1. Higher peak water levels upstream of a drainage structure in extreme rainfall events may 
produce larger flow velocities through the structure than for the nominated design AEP event. 
The higher velocity may cause scour problems or could cause the catastrophic failure of the 
structure itself. 

2. Where flood impacts would be significant/very severe, it is necessary (and can be specified in 
design/contract documentation) to consider floods up to the Probable Maximum Flood (PMF). 
The PMF is defined as the largest flood event that can reasonably be expected. In some 
situations, extreme events, though smaller than the PMF, may be more appropriate. 

3. If the situation of excessive flooding is considered applicable on a project, specialist advice 
needs to be sought from the department’s Hydraulics and Flooding Section or a suitably 
prequalified consultant. 

2.8 ‘Self cleaning’ sections 

Section 4.8.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
the following amendments. 

Addition(s) 

1. The requirement for ‘self cleaning’ sections (except for fish passages) and the selected design 
AEP must be specified in the design brief/contract documents. 

2. Refer Section 9.17 of this RDM. 
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