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Foreword 
 
 
This Malaysian Standard was developed by the Technical Committee on Planning and Design 
of Urban Stormwater Management Facilities under the authority of the Industry Standards 
Committee on Building, Construction and Civil Engineering. Development of this standard 
was carried out by Department of Irrigation and Drainage Malaysia which is the Standards-
Writing Organisation (SWO) appointed by SIRIM Berhad to develop standards for urban 
stormwater management. 
 
This Malaysian Standard on Urban stormwater management is part of a series of standards 
developed for stormwater management design practices in Malaysia. The series from Parts 1 
to 20 cover the majority of stormwater facilities, from quantity design to erosion and sediment 
control. However, Parts 1 to 3 of these standards set the general criteria, common to all 
facilities, needed to design for either stormwater quantity or quality control. Parts 4 to 20 set 
the specific criteria for the design of the individual facility or Best Management Practices 
(BMP).  
 
These standards are derived mainly from the Urban Stormwater Management Manual for 
Malaysia, 2nd Edition (MSMA 2nd Edition), which already contains extensive explanatory 
material as well as detailed technical guides, including work examples. As such, these 
standards do not replicate the design manual. Rather, they summarise the pertinent aspects 
of the manual which the user shall comply with as minimum requirements in designing 
stormwater facilities. 
 
It is hoped that with these standards, stormwater management in the country can be properly 
implemented and regulated in minimising the present haphazard flash floods as well as 
deterioration in water quality resulting from developing and developed catchment areas. 
 
A Malaysian Standard does not purport to include all the necessary provisions of a contract. 
Users of Malaysian Standards are responsible for their correct application. 
 
MS 2526 consists of the following parts, under the general title Urban stormwater 
management: 
 
Part 1: Design acceptance criteria 
 
Part 2: Quantity design fundamentals 
 
Part 3: Quality design fundamentals 
 
Part 4: Roof and property drainage 
 
Part 5: On-site detention 
 
Part 6: Rainwater harvesting 
 
Part 7: Detention ponds 
 
Part 8: Infiltration facilities 
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Foreword (continued) 
 
 
Part 9: Bioretention systems  
 
Part 10: Gross pollutant traps 
 
Part 11: Water quality ponds and wetlands 
 
Part 12: Erosion and sediment control 
 
Part 13: Pavement drainage 
 
Part 14: Drains and swales 
 
Part 15: Pipe drains  
 
Part 16: Engineered channels  
 
Part 17: Bioengineered channels  
 
Part 18: Culverts  
 
Part 19: Gate and pump 
 
Part 20: Hydraulic structures 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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Introduction 
 
 
Conventional urban drainage engineering practice follows what is termed as ‘rapid disposal’ 
concept where stormwater is rapidly conveyed to the nearest waterway through a system of 
lined drainage system. As urban areas rapidly grow throughout the country, this approach to 
drainage not only creates more flash floods but also does not take into account the increasing 
pollution being carried by stormwater as it flows through developing and developed areas.  
 
The new approach, based on sustainable practices, addresses both quantity and quality 
management of the stormwater. Quantity is managed through a system of detention and 
storages which aims to reduce the peak discharges arising from new and redevelopments to 
that of pre development. Quality control is managed through a system of treatment facilities 
for sediments and dissolved pollutants as well as floatables.  
 
This part of the Malaysian Standard series addresses criteria needed, requirements and the 
guidance for the selection and design of drains and swales. The guidance is provided within 
the descriptions, sizing, and design criteria for these drains and swales that maybe followed 
for new site developments and significant redevelopments. 
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Urban stormwater management - 
Part 14: Drains and swales 

 
 

1 Scope 
 
This Malaysian Standard specifies criteria for the design of open drainage systems including 
structures and composite drains and swales. Maximum depths, side slopes and reserve 
requirements are also specified. 
 
 

2 Normative references 
 
The following normative references are indispensable for the application of this standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the normative reference (including any amendments) applies. 
 
MS 2526-1, Urban stormwater management - Part 1: Design acceptance criteria 
 
MS 2526-15, Urban stormwater management - Part 15: Pipe drains 
 
 

3 Terms and definitions 
 
For the purposes of this standard, the following terms and definitions apply. 
 
3.1 Average Recurrence Interval (ARI) 
 
The average length of time between storm events that have the same magnitude or volume 
and duration. 
 
3.2 biofiltration 
 
The process of filtration and/or infiltration through a biological filter, including its growing 
media. The key components are biological uptake or treatment, and water filtration or 
infiltration. 
 
3.3 biofiltration swale 
 
A stormwater treatment swale or shallow detention system that combines vegetative filtration, 
soil infiltration and sub-surface filtration through a filter medium. The vegetation cover 
enhances the surface filtration process and delays the blockage of the subsurface filter. 
 
3.4 composite drain 
 
A combination of a grassed section and a lined drain provided in locations with dryweather 
base flows which would otherwise damage the invert of a grassed swale, or in areas with 
highly erodible soils. 
 
3.5 composite swale 
 
A combination system of underground pipe drain and swale. 
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3.6 drain 
 
A constructed channel or conduit used for drainage purposes. 
 
3.7 drainage system 
 
The system of gully inlets, pipes, overland flow paths, open channels, culverts and detention 
basins used to convey runoff to its receiving waters within a drainage catchment or 
catchments. 
 
3.8 minor system 
 
Drainage system intended to collect and convey runoff from relatively frequent storm events 
to minimise inconvenience and nuisance flooding. 
 
NOTE. The definition of major/minor system does not refer to the size of the drains. 

 
3.9 open drain 
 
Any drain other than pipe and box culvert used to convey runoff to its receiving waters. 
 
3.10 resident time 
 
The average length of time that water stays in a defined body such as a swale or wetlands. 
 
3.11 swale 
 
Natural or human-made open depression or wide, shallow ditch that intermittently contains or 
conveys runoff.  
 
NOTE.  Swale can be used as a BMP to detain and filter runoff.  

 
 

4 Design considerations and requirements 
 
4.1 General 
 
Determination of drainage channel types (earth/concrete/composite) shall be based on space 
availability, site suitability, environment conditions (aesthetic, conservation values, etc.) and 
maintenance advantages and disadvantages. The design shall consider the requirements 
described below. 
 
4.2 Structural and composite drains 
 
4.2.1 Roadway reserves 
 
The outer edge of a lined drain shall be located 0.5 m (minimum) from the property boundary 
on the high side of road reserves to permit relatively short connections to service adjacent 
properties. The local authority shall be consulted for standard alignments of public utility 
services within street verges. 
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Where there is significant advantage in placing a lined drain on an alignment reserved for 
another authority, it may be so placed provided that both the authority responsible for 
maintenance of the stormwater conveyance and the other authority concerned agree in 
writing to release the reservation. 
 
4.2.2 Privately owned lots 
 
Municipal lined drains shall not be located within privately owned properties. Where lined 
drains are to be provided at the side or rear of private properties, the local authority shall be 
consulted. Drains shall be located 0.5 m (minimum) from the property boundary and shall be 
placed within a separate drainage reserve. 
 
4.2.3 Public open space 
 
The location of lined drains within public land such as open space shall be brought to the 
attention of the local authority for consideration. As a guide, unless directed otherwise, lined 
drains should be located as close as practical to the nearest property boundary with due 
consideration for public safety. Appropriate safety measures shall be provided to protect the 
public from being trapped within a drain during flash flooding. 
 
4.3 Swales 
 
4.3.1  Drainage area 
 
If used in areas with steep slopes, grassed swales shall generally run parallel to contours to 
be effective. 
 
4.3.2 Space requirement 
 
Swales shall be effectively incorporated into landscaping and public open spaces as they 
demand significant land-take due to their shallow side-slopes. 
 
4.3.3 Location and site suitability 
 
Swales shall be integrated into the site planning and should take account of the location and 
use of other site features. The siting of a swale shall be such that the topography allows for 
the design of a channel with sufficiently mild slope and cross sectional area to maintain non-
erosive velocities. Swales shall not be sited on unstable ground and ground stability shall be 
verified by assessing site soil and groundwater conditions. Maintenance access should be 
easy and good growth of vegetation should be ensured by siting swales in areas that receive 
sufficient sunlight. 
 
4.3.4 Site slope 
 
Swales shall be restricted to sites without significant slopes, though careful planning should 
enable their use in steeper areas by considering the contours of the site. The longitudinal 
terrain slope shall not exceed 2 % as low runoff velocities are required for pollutant removal 
and to prevent erosion. Longitudinal slopes may be maintained at the desired gradient and 
water may flow into swales laterally from impermeable areas. 
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4.3.5 Subsurface soils and groundwater 
 
Where swales are designed to encourage infiltration, the seasonally high groundwater table 
shall be more than 1 m below the base of the swale. Where infiltration is not required, the 
seasonally high groundwater level shall be below any underdrain provided with the swales. 
 
 

5 Design criteria 
 
5.1 General 
 
5.1.1 Design storm 
 
Drains and swales shall have the capacity to convey the flow up to and including the minor 
system design ARI as specified in MS 2526-1. 
 
5.1.2 Drainage reserves 
 
Most open drains will be located within road reserve and therefore do not require a separate 
reserve to allow access for maintenance. However, open drains and swales located outside of 
road reserves, such as in public walkways and open space areas, shall be provided with a 
drainage reserve in accordance with Figure 1. 
 
5.2 Structural and composite drains 
 
5.2.1 Geometry 
 
The dimensions of lined open drains have been limited in the interests of public safety and to 
facilitate ease of maintenance. The minimum and maximum permissible cross sectional 
dimensions shall be as illustrated in Figure 2 and described as follows. 
 
The preferred shape for a composite drain shall be as shown in Figure 3. The lined drain 
section is provided at the drain invert to carry dry-weather base flows and minor flows up to a 
10 mm rainfall depth over the equivalent impervious contribution catchment. The grassed 
section shall be sized to provide additional flow capacity up to and including the design storm 
ARI. 
 
The maximum depth for lined open drains shall be in accordance with Table 1. A reinforced 
concrete drain shall be provided for lined open drains that exceed 0.9 m in depth. 
 

Table 1.  Maximum depths 
 

Cover/handrail fence condition Maximum depth  
(m) 

Without protective covering 

With solid or grated cover 

0.6 

1.2 
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Figure 1.  Drainage reserve for minor drain and swale 
 
 
 
 
 
 
 
 
 
 
 

c) Swale 

Drainage reserve 

Drainage reserve 

a) Lined open drain 

b) Covered lined open drain 

Drainage reserve 

c) Swale 

Drainage reserve 

Drainage reserve 

a) Lined open drain 

b) Covered lined open drain 

Drainage reserve 

c) Swale 

Drainage reserve 
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Figure 2.  Dimension limits for open lined drains 
 
 

 
 

Figure 3.  Composite drain cross section 
 
 
 
The width of lined open drains may vary between a minimum 0.5 m and maximum width of 
1.2 m. 
 
Maximum side slopes for lined open drains shall be as shown in Table 2. 
 

Table 2.  Maximum side slopes 
 

Drain lining maximum side slope Drain lining maximum side slope 

Concrete, brickwork and blockwork  

Stone pitching  

Grassed/vegetated, rock riprap  

Vertical 

1.5(H):1(V) 

2(H):1(V) 

 
 
 
 

a) Uncovered open drain b) Covered open drain 

Refer to recommended 
maximum side slope 
(Table 2) 
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5.2.2 Freeboard 
 
The depth of an open lined drain shall include a minimum freeboard of 50 mm above the 
design storm water level in the minor drain. 
 
5.2.3 Velocities and longitudinal slope 
 
The minimum average flow velocity during minor storm event shall not be less than 0.6 m/s to 
prevent sedimentation and vegetative growth. The maximum flow velocity in open drain shall 
be restricted to a maximum of 2 m/s. However, for flow velocities in excess of 2 m/s and less 
than 4 m/s, drains shall be provided with a 1.2 m high handrail fence, or covered with metal 
grates or solid plates for the entire length of the drain for public safety. 
 
As longitudinal slope increase the velocity increases proportionally. Drop structures may need 
to be used to reduce the longitudinal slope in order to control flow velocities. 
 
5.2.4 Roughness coefficients 
 
Lined drain materials for proposed systems typically include concrete, stone pitching, riprap, 
stone pitching, gabions, brickworks and precast masonry. Appropriate Manning's roughness 
coefficient values shall be chosen based on the lining material for structural and composite 
drains sizing calculations. 
 
5.2.5 Drainage sumps 
 
Drainage sumps (with a minimum size of 450 mm x 450 mm) shall be provided along open 
drains with a maximum interval spacing of every 100 m and a minimum depth from drain 
invert of 600 mm. 
 
5.2.6 Safety requirements 
 
Open drains in locations open to pedestrian access or sited close to carriageways shall be 
covered if the drain exceeds 0.6 m in depth. The type of drain cover used will depend on the 
expected live loadings and whether or not the drain is required to accept surface flow. The 
acceptable types of drain covering are as follows: 
 
a) Drains not subject to traffic loads or inflow of surface runoff may be covered using 

precast reinforced concrete covers. Covers shall be sized such that the weight is limited 
to what can be easily lifted by 2 workmen to gain access for maintenance. 

 
b) Drains subject to vehicular traffic loads or inflow of surface runoff shall be covered using 

metal grates or solid plates. Metal covers shall be designed in accordance with the 
relevant Malaysian Standards or equivalent. 

 
c) Covers for lined open drains shall be set at the finished cover levels given in Table 3. 
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Table 3.  Cover levels 
 

Location  Cover level 

Paved Areas  

Footpaths and street verges  

Elsewhere  

Flush with finished surface 

Flush with finished surface 

100 mm above surface to allow for top soiling and grassing 

 
The maximum depth for cover or handrail fences condition shall be in accordance with 
Table 1. Adequate safety measures such as 1.2 m high handrail fence shall be provided in 
populated areas or area locations open to pedestrian access and avoiding vertical drops. 
Fencing or railings shall be considered if side slopes will be steeper than 3(H):1(V) in the 
design. 
 
5.3 Swales 
 
5.3.1 Alignment 
 
Standardised alignments for grassed swales are provided to limit the negotiations needed 
when other services are involved such as privately owned lots and public open space. 
 
Municipal grassed swales shall not be located within privately owned properties. If grassed 
swales are to be provided at the side or rear of private properties, they shall be placed within 
a separate drainage reserve with minimum dimensions in accordance with Figure 1. The 
location of swales within public land such as open space shall generally conform to natural 
drainage paths wherever practical. The designer shall consult with the local authority for 
appropriate alignments with due consideration for public safety (particularly when raised 
grates are being used) and aesthetic amenity. 
 
5.3.2 Geometry 
 
The preferred shapes for swales shall be as shown in Figure 4. The depth shall not exceed 
1.2 m. A ‘vee’ or triangular shaped section will generally be sufficient for most applications; 
however, a trapezoidal or parabolic swale shape may be used for additional capacity or to 
limit the depth of the swale. Swales should have trapezoidal cross sections for ease of 
construction. A parabolic shape is best for erosion control, but is hard to construct. 
 
The bottom width for a trapezoidal shape shall be between 0.5 m and 3.0 m. The 0.5 m 
minimum bottom width allows for construction considerations and ensures a minimum filtering 
surface for water quality treatment. The 3.0 m maximum bottom width prevents shallow flows 
from concentrating and potentially eroding channels, thereby maximising the filtering by 
vegetation. 
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Figure 4.  Recommended swale cross sections 
 
 
5.3.3 Longitudinal slope 
 
Longitudinal slope for swales shall normally be between 0.1% and 0.5% (maximum). 
Underdrains may be required for slopes below 0.2%. For slopes greater than 0.2%, drop 
structures such as rock check dams in the channel may be required to reduce the longitudinal 
slope such that the design flow velocities do not exceed the permissible velocity limits. 
 
 
 
 
 
 
 

a) 'Vee' shaped 

b) Trapezoidal shaped 

c) Parabolic shaped 

min. min. 

min. min. 
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5.3.4 Freeboard 
 
The depth of a swale shall include a minimum freeboard of 50 mm above the design 
stormwater level (based on maximum design flows) in the swale to allow for blockages. 
 
5.3.5 Velocities and grades 
 
Maximum acceptable flow velocities for conveyance of peak design flow along the swale shall 
not exceed the recommended maximum scour velocity for various ground covers and soil 
erodibility, or ideally be less than 2 m/s, unless additional erosion protection is provided. 
 
5.3.6 Grass cover 
 
The grass species chosen for lining of grassed swales shall be sturdy, drought resistant, easy 
to establish, and able to spread and develop a strong turf layer after establishment. A thick 
root structure shall be selected to control weed growth and erosion. 
 
Compacted soils shall be tilled before grass seeding or planting. At least 100 mm of good 
quality topsoil shall be in place. 
 
5.3.7 Roughness coefficients 
 
Appropriate Manning's roughness coefficient values shall be chosen based on the long grass 
cover or short grass cover for swales sizing calculations. 
 
5.3.8 Underdrain 
 
A swale shall have the capacity to convey the peak flows from the design storm without 
exceeding the maximum permissible velocities. If this is not practical or there is insufficient 
space for swale as designed, the flow may be divided among surface and subsurface 
conduits where underground pipelines or drainage modules may be provided. Underdrains 
may also be placed beneath the channel to prevent ponding. 
 
For swales that will be subjected to dry weather flows, an underdrain or surface invert should 
be provided. Biofiltration swales shall maximise water contact with vegetation and the soil 
surface. Gravel and coarse sandy soils will not provide water quality treatment unless the 
bottom of the swale is lined to prevent infiltration. Therefore, the bed of a biofiltration swale 
shall consist of a permeable soil layer above the underdrain material. 
 
NOTE. Sites that have relatively coarse soils are more appropriate for stormwater quantity infiltration 
purposes after runoff treatment has been accomplished.  

 
The underdrain for a composite swale caters to the minor storm event for transporting runoff 
from roadway and other inlets to the outfalls and receiving waters. Drainage sumps shall be 
provided along swales with a maximum interval spacing of every 100 m. The design of 
underground pipe drain system shall conform to the design criteria as given in MS 2526-15. 
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5.3.9 Water quality treatment and flood flow design 
 
Swale shall be sized as both a treatment facility to slow the stormwater as much as possible 
to encourage pollutant removal and as a conveyance system to pass the peak hydraulic flows 
of the design storms. 
 
The sizing calculations for water quality treatment design shall check flow velocity, depth and 
residence times during water quality design storm. The depth of the stormwater during 
treatment shall not exceed the height of the grass. A grass height of 150 mm or more and a 
flow depth of less than 150 mm shall be selected for the water quality design storm. 
 
The velocity of runoff shall not exceed 0.5 m/s along a swale during the water quality design 
storm to avoid flattening of the vegetation; however, lower velocities are preferable. Design 
calculation shall include for the water quality storm and capacity check for the design storm. 
 
The flow velocity shall not exceed 0.5 m/s along a swale of 60 m length during the water 
quality design storm. Swales shall have a minimum length of 60 m, which can be achieved by 
specifying a wide-radius curved path where the available land is not adequate for a linear 
swale (sharp bends shall be avoided to reduce erosion or to provide for erosion protection). If 
a shorter length shall be used, designers shall increase the swale cross sectional area by an 
amount proportional to the reduction in length below 60 m, to obtain the same water 
residence time. The minimum residence time shall be 2 min. 
 
5.3.10 Safety 
 
Public safety shall be maintained by providing sufficient conveyance capacity and appropriate 
flow depth and velocity to satisfy design requirements for adjacent pedestrian and bicycle 
pathways; the safety of children and adults wading in the swale shall be considered. 
 
5.3.11 Erosion protection 
 
Once the maximum flow depth calculations have been performed and safety has been 
considered, erosion protection calculations shall be performed. For any design storm event, 
the flow velocities shall be less than 2 m/s although higher velocities may be allowed if 
erosion protection is provided. 
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