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6 Approach to drainage design 

6.1 Overview 

This chapter outlines an approach to the selection and design of various road drainage infrastructure 
in order to provide for a specified hydraulic capacity and other related design requirements. 

Although the emphasis in this and subsequent design chapters is on the ‘design of drainage 
infrastructure’, this approach can also be used to complete planning or preliminary drainage design 
during the pre-project and concept phases within the Road System Manager Framework. In these 
instances, it is the responsibility of the civil designer to ascertain the extent of design work required. 

For a road project, drainage design is completed for a specific horizontal and vertical alignment and 
cross-sectional detail during detailed design. However, during the concept and development phases, 
drainage design may be used to assist in the fixing of the road geometry and to facilitate a more 
economical design for the overall road project. 

Road alignments and cross-sectional details, therefore, may change during these phases and, in turn, 
drainage design needs to be reviewed each time the road geometry changes. 

Drainage design starts with the preliminary selection of infrastructure that might be suitable for a 
particular location in a road project using the results of the analyses described in Chapter 5. 

This initial selection and sizing is made by: 

a) establishing the cross-sectional geometry at the drainage site (for both the road and channel) 
to determine maximum width/height of structure (such as allowing for appropriate cover 
requirements) 

b) sizing for hydraulic requirements based on the determined/estimated design discharge 

c) sizing for fish and/or fauna passage (if required). 

With this initial selection and sizing made, the designer then: 

a) identifies ancillary drainage works (headwalls, wing walls, aprons and erosion protection 
works) required in the vicinity of the selected cross-drainage structure 

b) reviews the geometry of the cross-drainage with the ancillary works in place 

c) reviews the results in terms of the design criteria including cost and constructability 

d) repeats the process until an acceptable design is completed. 

Computer modelling facilities can streamline the iterative process (refer Section 6.3). 

During this iterative process, the designer may need to revisit the analyses completed in Chapter 5 to 
address topics that may not have been considered in the completed analyses or that may require 
review. 

With the selection of the components of the drainage structure or system completed, the design of the 
system components can be completed by reference to the appropriate design Chapters 7, 8, 9, 10, 11 
and 12. 

Each of these chapters incorporates sections that address the application of local environmental 
design criteria that are necessary to: 

• select and design the most appropriate type of infrastructure 
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• design-related environmental treatments that address identified impacts of the infrastructure. 

This manual does not include the design of bridges but guidelines on the location and layout of a 
bridge are provided in Section 6.5. 

6.2 Geometric design of drainage 

Establishing the geometry of a drainage site is an initial part of the design process. Early sizing of 
drainage in the planning phase requires some assumption of the road alignments and cross-sections 
to provide dimensional inputs (height and width) to calculations of possible drainage solutions. 

Site-specific geometry is also necessary for the calculation of quantities for use in estimates of cost 
for: 

• comparison of drainage alternatives 

• preparation of estimates of cost as required in the stages of the planning and design process. 

As the planning and design process progresses with the selected infrastructure, geometric design of 
the proposal is developed by: 

• locating and aligning the structure with the watercourse or drainage path and any identified 
fauna passage requirements 

• determining the length of the structure and setting invert levels using hydraulic slope 
requirements 

• checking maximum allowable afflux related to neighbouring properties and design culvert 
appropriately 

• determining and designing any mitigation works required to address unacceptable afflux levels 

• checking appropriate distribution of culverts to maintain existing flow patterns 

• checking maximum allowable outlet flow velocity and sizing culvert appropriately or designing 
suitable outlet scour protection measures 

• checking both culvert inlet and outlet control conditions with proposed design levels – 
maximum outlet velocities can be determined and compared against maximum allowable 
outlet flow velocities 

• determining tailwater level based on hydraulic gradient of existing channel flow for a design 
event, including a check for backwater effect 

• reviewing surface water flow paths to ensure water is quickly shed from the road surface 
(within allowable depths of flow) to reduce potential for aquaplaning 

• ensuring table drains slopes are equal to or greater than the minimum allowable 

• ensuring diversion drains (outlets to table drains) are available, preferably within the existing 
road reserve, or beyond, by agreement with the affected property owner 

• checking cover, backfilling and structural requirements for culverts, including laying method 
and class of culvert (where applicable) 

• checking consistency of longitudinal and cross-drainage 

• checking for any bypass flows to adjoining culverts/catchments and mitigate as necessary 
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• checking for the risk of blockage of culverts and designing the works suitably 

• locating and sizing necessary environmental drainage works 

• selecting headwalls, wingwalls, aprons, cut-off walls and erosion protection works as 
applicable. 

6.3 Computer modelling of drainage solutions 

Computer modelling can assist the planning and design process with the detailed hydrologic and 
hydraulic calculations and with the presentation and storage of data. 

The department has standardised on 12d Model™ as the modelling system for the road delivery 
system as a project passes from survey to planning to design to construction and operation. This 
package has some drainage design functionality, but does not cover all aspects of road drainage. 

Various software packages are available and those approved for use in the planning and design of 
road drainage infrastructure are detailed in Chapter 1. 

Hydraulic analysis shall be undertaken in accordance with the current "Hydrologic and Hydraulic 
Modelling Guidelines" by TMR. 

6.4 Preliminary selection decisions 

Knowing where to start is often a time-consuming process and Table 6.4 has been prepared to assist 
designers with preliminary selections of drainage structures. This selection process of drainage 
infrastructure is further developed throughout this chapter. 

In urban drainage, many of the design requirements for drainage may have been established and the 
selection process is initiated by reference to the appropriate local authority drainage planning scheme 
and the Queensland Urban Drainage Manual (QUDM), 4th Edition 2016. 

For the majority of designs, it will be obvious as to whether a bridge, culvert or possibly a floodway is 
required at a given location. This decision will be made on the basis of matter, such as: 

• catchment area and hydrology 

• road alignment 

• serviceability 

• existing waterway bank height 

• potential for debris (including accumulation of) 

• environmental constraints 

• geotechnical considerations 

• need to allow for the passage of large fauna 

• stream flow activity. 

In the case of an active or permanent stream, building a bridge will be easier and will have less impact 
on the environment. In particular, refer to the requirements of the "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). These conditions and 
requirements are described further in Sections 7.6.2 and 7.6.5 of this RDM. It is likely that a waterway 
mapped as purple will require that a bridge is selected for any crossing at this waterway. 
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For multiple reinforced concrete box culverts, slab link box culverts and multiple reinforced concrete 
culverts with a total length greater than 10 m along the road centreline in expansive soil conditions, 
refer to Section 9.2.7 in Chapter 9. 

A floodway is a low-level section of road designed to allow flood waters to cross the road without 
damaging the road. They are only provided where traffic volumes are low and where the time of 
submergence/closure is considered acceptable. 

A floodway may incorporate a culvert designed to pass low flows under the road or to reduce ponding 
and may also be incorporated into a bridge or culvert solution where the bridge or culvert is designed 
to pass a lower level flood than the design flood. 

Table 6.4 – Preliminary selection of drainage infrastructure 

Selection issue Factors Decision 

Bridge Significant 
catchment 

Consider bridge if floodway is unacceptable 

Floodway Wide shallow flow 
Low traffic volume 

Consider floodway if time of submergence is acceptable; 
however, check immunity option as it may be more 
economical due to possible high cost of floodway 
protection 

Culvert type Waterway 
geometry 
Flat topography 
Fauna passage 

Pipe culverts are default type selected; however, box 
culverts are more suitable for situations where there is: 

• minimal available waterway area 
• insufficient cover to allow pipes 
• fauna passage or the passage of people/vehicles or 

large animals is required 
• supplier location 
• fish passage 

Culvert location Stream alignment 
Road alignment 
Geomorphology 

Desirable skew is 0° (i.e. no skew) 
Skew intervals of 5° are preferable 
Skew of culvert should not be more than 45° 
Do not locate culverts on the bends of actively moving 
watercourses 
In urban drainage systems, preferable to use bearings for 
precise culvert alignment 

Environmental 
sensitivity 

Sensitive flora or 
fauna 
Fish passage 
Permanent stream 

Consider a bridge rather than culverts 
Control pollutant runoff 
Maintain a natural stream bed 
Minimise disturbance of bed and banks 

Need for 
channel lining 

Soil type 
Limited available 
width 
Steep gradient 
Velocity 
Channel shape 

Where dispersive soils are present, a barrier must be 
placed between flowing water and the soil 
Velocity reductions by flattening grade or widening the 
channel will often allow a less expensive or more natural 
lining to be used (such as vegetation, crushed rock, etc.) 
Consider the incorporation of check dams, drop 
structures or a change in alignment 

Type of bank 
protection 
(where 

Soil types 
Flow velocity 

Revegetation – planting of riparian vegetation is favoured 
Erosion mats – long-term stability will need to be 
addressed 
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Selection issue Factors Decision 
velocities are 
considered 
excessive) 

Rock riprap – must be properly designed 
Gabions – can be used on steep banks 
Grout mats – flexible, but will not provide good habitat 
Concrete – usually a last resort 

Use of swales 
(versus lined 
table drains or 
kerb and 
channel) 

Available space 
Rainfall 
Water quality 
Low erodible soils 

Swales may be used where: 
• there is sufficient space 
• where grade is sufficient to prevent permanent ponding 

of water regular rainfall or watering will occur 
• water quality benefits are desired 

Need for outlet 
protection 

Outlet velocities 
Soil type 
Erosion risk rating 

Outlet protection may be required where outlet velocities 
are sufficient to cause erosion 
Management options include: 
• change culvert design by reducing slope 
• replace or cover dispersive soils 
• reduce velocities through dissipation (subject to safety 

considerations) 
• provide protection 

 

6.5 Bridges 

6.5.1 Overview 

Section 4.10.2 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
the following amendments. 

Addition(s) 

1. Hydrologic and hydraulic analysis for bridge design must be undertaken in accordance with 
the current "Hydrology and Hydraulic Modelling Guidelines" (TMR); and 

2. Scour analysis for bridges must be undertaken in accordance with the "Bridge Scour Manual - 
Supplement to Austroads Guide to Bridge Technology, Part 8, Chapter 5: Bridge Scour 
(2018)" (TMR) 

3. Additional information on the design of bridges can be found in: 

• Guide to Bridge Technology Part 8: Hydraulic Design of Waterway Structures (Austroads) 

• Design Criteria for Bridges and Other Structures (TMR) 

6.5.2 Riparian and wildlife corridors 

Section 3.3.9 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

6.5.3 Bridge location and waterway alignment 

Section 4.10.4 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

6.5.4 Bridge geometry 

Section 4.10.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 
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6.5.5 Road grade and hydraulic clearance 

Section 4.10.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section subject to 
the following amendments. 

Addition(s) 

1. Reference should also be made to the Road Planning and Design Manual (RPDM) for details 
on road geometry in relation to bridges. 

2. It is important to note that it may be a legal requirement for other departments/authorities to 
approve bridge spans and vertical clearance. Further advice in relation to this should be 
sought from the department. 

6.5.6 Span lengths and pier location 

Section 4.10.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

6.5.7 Scour protection 

Design of scour protection must be undertaken in accordance with TMR's "Bridge Scour Manual: 
Supplement to Austroads Guide to Bridge Technology: Part 8, Chapter 5: Bridge Scour (2018). 

Reference should also be made to current version of the current version of Design Criteria for Bridges 
and Other Structures by TMR. 

6.5.8 Overtopping 

Section 4.10.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

6.5.9 Maintenance 

Section 4.10.5 of the Austroads Guide to Road Design – Part 5 is accepted for this section. 

6.6 Culvert size and type 

The choice of culvert size is heavily influenced by the permissible afflux or headwater level, the likely 
depth of flow, watercourse shape (that is, channel or floodplain) and, in some cases, the need to cater 
for fauna passage, pedestrian, vehicle or bikeway access, or stock movement. 

The selection of culvert type is closely linked to the determination of size and, hence, both must be 
considered jointly. In many cases, a number of iterations will be required before culvert dimensions 
can be finalised. 

For the preliminary sizing in the proposal development and options analysis, initial size estimates can 
be determined on the basis of permissible velocity and afflux/headwater level. 

In addition, ambient conditions can dictate the suitability of certain culvert types. For example, in 
corrosive environments (such as coastal regions), some types of culverts may not be appropriate. 

For preliminary design, more rigorous design work is required and the complete design process needs 
to be completed for the detailed design. 

6.7 Open channels 

Open channels may form part of a specific drainage infrastructure solution where space permits in the 
road area or where it is part of a drainage planning process by a local authority or a drainage initiative 
of another government department. 
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As part of a specific drainage infrastructure solution, they can be used for: 

• inlet or outlet channels 

• longitudinal diversion drains 

• stream diversions 

• overflow channels 

• connections to other drains. 

Appropriate soil and environmental analyses will need to be used to design the channel to deliver the 
required hydraulic capacity with appropriate environmental safeguards. 

Local authorities or government departments may provide the designer with specific drainage 
requirements through programs such as: 

a) soil conservation plans 

b) master drainage plans 

c) various environmental waterway plans. 

Velocity control and protection of channel bed and banks are key elements in open channel design 
(refer Chapters 8 and 9). 

Open channels should be designed with consideration of water quality issues. High flow velocities, 
often found in lined and artificial channels, cause high velocities that increase the risk of scour and 
transport of pollutants. Open channels can be designed as swales to allow the collection of pollutants 
before they can enter receiving waters. 

Where open channels are part of a drainage design, the design needs to be completed early in the 
design process to assist in determining headwater and tailwater levels used for cross-drainage design. 

6.8 Bank protection and linings 

The choice of bank protection or channel lining (whether natural or artificial) is relevant to the design of 
open channels, chutes, floodways and swales. The decision as to which type of lining is the most 
appropriate for the site is dependent on factors such as soil type, potential for vegetation growth, 
available space and flow velocity. Bank protection and lining can also influence water quality and the 
conveyance of pollutants. 

6.9 Longitudinal drainage 

Site constraints and design standards dictate that it is not always possible to choose between 
longitudinal drainage options, such as kerb and channel, grassed swales and lined or unlined table 
drains. 

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

In rural areas, earth drains are more common. 

However, in some cases it will be possible to choose between these alternatives. When a choice is 
available, the designer will need to consider the following: 
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• Gradient of the channel – steep gradients will allow narrower drainage channels to be used, 
but can lead to high velocities which, in turn, may require linings with higher resistance to 
erosion. 

• Available flow width – the flow width for any option must be compared to the available width 
for longitudinal drainage. Flow width is dictated by gradient, shape of the drainage path, and 
roughness of the flow path. 

• Water quality considerations - the existing ecological values of the waterway and the existing 
and future uses of the catchment should be considered in determining the suitable water 
quality targets and management measures. Use of permanent erosion and sediment controls 
can prevent adverse impacts to water quality from the asset. Where the asset is located in 
proximity to a water body of high ecological significance and runoff poses a potential adverse 
impact, then water sensitive urban design options should be considered to maintain or 
potentially improve water quality discharges to the waterbody. The Environmental Assessment 
will identify areas of high risk for water quality management." 

• Survival of vegetation in the area – in arid areas, it is often not practical to design a flow path 
that is reliant on the existence of vegetation to provide protection to soils. Only vegetation 
suited to the climate of the region should be considered. 

• Maintenance requirements of longitudinal drainage – as with all types of drainage and 
pollution controls, a lack of maintenance will lead to failure of the design. In those locations 
where maintenance may not be readily available, it may be necessary to propose a low 
maintenance solution. 

• Riparian corridors – the design of the channel should consider maintaining or enhancing the 
riparian corridors to prevent adverse impacts on water quality and to maintain environmental 
values, including fauna movements. 

• Peak stormwater discharges - can have an impact on the downstream waterbodies due to 
erosion and disturbance of waterway morphology. Where the asset is located in proximity to a 
water body of high ecological significance and runoff poses a potential adverse impact, the 
environmental assessment will flag where consideration of peak stormwater discharges to 
waterways should be considered. 

• Soil type and erodibility - the type of insitu soil will dictate the stability and resistance to 
erosion of longitudinal drains. Soil type is critical factor in determining suitable grade and 
surface treatment of longitudinal drainage. 

6.10 Location 

For major drainage infrastructure, such as culverts or bridges, the location of a structure can have a 
significant bearing on both environmental impacts and waterway stability. This is also true of several 
other types of drainage infrastructure, including open channels and drop structures. 

Geometric design is an integral part of the location process as outlined in Section 6.2 and is an 
essential in determining location in those areas where: 

• the watercourse is not stable 

• bed or bank erosion may result from the presence of new infrastructure 

• soils are highly erodible 
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• the area has high environmental sensitivity 

• bed slopes are steep 

• the face of a structure is not perpendicular to the watercourse. 

Where potential problems have been identified, it is important that: 

a) an alternative location or alignment is identified, or 

b) appropriate protective measures are put in place to prevent or mitigate the potential impacts. 

Alternative ‘a)’ should be the first preference, but will not always be possible in areas where the 
alignment is fixed. 

In those instances where a river or creek is obviously active (eroding or accreting), a geomorphic 
analysis may be required. 

6.10.1 Location example 

A proposed new road will cross Sandy Creek at a point where the creek has active bank erosion 
owing to the existence of a meander. A series of box culverts is proposed at this location. The 
following courses of action could be considered: 

• Option 1: Propose a local realignment of the road such that the crossing of Sandy Creek will 
occur at a stable location 

• Option 2: Stabilise the meander if constrained for space 

• Option 3: Consider realignment of the creek away from the proposed crossing. 

Option 1 would be favoured wherever possible, with Option 2 the next favoured alternative. The use of 
‘hard’ solutions (such as riprap lining) or creek realignment (Option 3) is not favoured as changes to 
the creek at one location will often transfer problems to other nearby locations. 

6.10.2 Culvert locations 

To minimise environmental impacts, culverts should be located: 

• where satisfactory ground conditions and soil conditions exist 

• away from reaches of highly unstable channel 

• away from bends in the watercourse 

• where possible adverse effects on other existing bridges and hydraulic structures can be 
avoided 

• where ecological impact is acceptable 

• where aesthetic considerations are favourable. 

6.11 Water quality 

When water sensitive urban design is required as part of the road drainage system, additional 
considerations must be taken into account. 

For example, the hydraulics of the drainage system may not be conducive to efficient pollutant 
removal or, conversely, the proposed pollution control device may compromise the hydraulic efficiency 
of the system. 
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Questions that must therefore be addressed when incorporating water quality controls into a drainage 
system include: 

a) ‘Does the device require a large hydraulic head loss to operate?’ 

b) ‘Will the device lead to upstream flooding in flat areas?’ 

c) ‘Is the gradient of the system too steep (resulting in high velocities) to allow effective pollutant 
removal?’ 

d) ‘Can the device be accessed for maintenance purposes?’ 

Examples of design implications are: 

• Wetlands or sediment basins may not operate effectively if subject to high velocities during 
flood events. A high flow bypass is often required 

• When trash racks are installed, provision must be made for high head losses associated with 
blockage of the racks. In this case, consideration of the potential for flooding of upstream 
property must also be assessed. 

• Pollution control devices placed in areas with high tailwater levels may not operate, 
particularly where there is reliance on a floating boom to trap litter. 

Chapter 7 provides design procedures for pollution control. 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 


	Contents
	6 Approach to drainage design
	6.1 Overview
	6.2 Geometric design of drainage
	6.3 Computer modelling of drainage solutions
	6.4 Preliminary selection decisions
	6.5 Bridges
	6.5.1 Overview
	6.5.2 Riparian and wildlife corridors
	6.5.3 Bridge location and waterway alignment
	6.5.4 Bridge geometry
	6.5.5 Road grade and hydraulic clearance
	6.5.6 Span lengths and pier location
	6.5.7 Scour protection
	6.5.8 Overtopping
	6.5.9 Maintenance

	6.6 Culvert size and type
	6.7 Open channels
	6.8 Bank protection and linings
	6.9 Longitudinal drainage
	6.10 Location
	6.10.1 Location example
	6.10.2 Culvert locations

	6.11 Water quality


