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1.  INTRODUCTION 
This Practice Note1 has been developed to provide information on the minimum design 
and sizing requirements for swale and filter strip devices which can be used in 
residential and non-residential applications for on-site stormwater management.  

This Practice Note outlines the suitability of swales and filters strips for various 
stormwater management measures, specifies minimum design requirements and 
summarises a design process for a swale and filter strip device to provide water quality 
treatment. Ownership and maintenance provisions for devices are also provided.  

2. DESCRIPTION 
2.1 Swales and Filter Strips 
Swales are vegetated channels which are generally used for the conveyance of 
stormwater in place of a conventional piped reticulation system and to provide water 
quality treatment (refer to Figures 1 and 2). Swales may also provide limited infiltration 
of stormwater runoff if soil conditions allow. Swales can be grassed or planted, 
depending on the water quality flow depth. 

Water quality treatment is provided by passing stormwater flows through vegetation, 
slowing the velocity of the water and allowing coarse grained sediments to settle out. 
Passage through vegetation also provides contact with organic matter and allows 
physical, chemical and biological processes to occur, reducing contaminant delivery 
downstream.  

Filter strips are vegetated (typically grassed) areas that are designed to receive 
stormwater runoff as sheet flow from impervious areas and filters stormwater using a 
vegetated slope with dispersed (or laminar) flow.  

The major difference between swales and filter strips is that swales typically accept 
concentrated flow via an inlet while filter strips accept flow as distributed or sheet flow. 
Both devices rely on the hydraulic residence time that stormwater flows take to travel 
through the vegetation. The depth of water relative to the height of vegetation is 
therefore critical in ensuring the operation of the various mechanisms that capture and 
transform contaminants. 

Both devices are appropriate for the treatment of stormwater runoff from small 
catchments i.e. driveways and carparks as they generally occupy a linear corridor 
without taking up large areas and can be integrated into existing landscape elements 
via the following means: 

 Integration with adjacent planting schemes or natural plant communities. 

 Wide undulating channels as subtle overland flow paths. 

 The use of rock weir structures or logs as check dams in naturalised swales. 

Typically, swales and filter strips are located along property boundaries or adjacent to 
impervious areas such as driveways, carparks and roadways. They frequently define 
edges to the landscape which can soften hardscape areas and can provide a transition 
between landscape spaces, land uses, and natural environments. 

 

 
1 The Three Waters Management Practice Notes are Hamilton City Council controlled 
documents and will be subject to ongoing review. The latest version can be downloaded from 

 
Figure 1: Examples of residential swales 

the Hamilton City Council website: https://hamilton.govt.nz/property-rates-and-
building/compliance/three-waters-management-practice-notes/ 

2.2 Advantages of Swales and Filter Strips 
Swales and filter strips offer a range of benefits over non-
vegetated stormwater management systems. These benefits 
include: 

 Improved water quality by treating and filtering out 
contaminants. 

 Improved hydrological response of stormwater flows 
in smaller rainfall events. 

 Amenity and increased vegetative cover. 

 Utilises the same space as is normally used for grass 
berms. 

 Mimics nature and uses natural processes. 

2.3 Definitions 
The following definitions relate to the interpretation of this Practice Note: 

Hydraulic Residence Time (HRT): Time taken for water quality flows to travel the 
length of the swale or filter strip. 

Lateral Slope: Grade / Slope across the device i.e. from side to side. 

Longitudinal Slope: Grade/ Slope from inlet to outlet of a device. 

Pre-treatment: Partial treatment of stormwater to remove minimum. 50% Total 
Suspended Solids (TSS) and trash capture. 

3. APPLICATION 

3.1 When should I choose a Swale or Filter Strip?  
Swales and filter strips are effective to provide treatment across the range of 
contaminants that typically arise from small scale urban developments. Maximum 
catchment size for a swale device is 4Ha. 

Swales are especially effective for the treatment of runoff from the following: 

 Private driveways and shared accessways. 

 Large, trafficked areas such as carparks. 

 Local roads  

High-contaminant roads (>10,000 VPD) i.e. collector or arterial roads require 
additional treatment measures as outlined in the RITS). 
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Filter strips are generally only suitable for the treatment of low-contaminant 
residential areas such as driveways or shared accessways. 

In all cases the types of expected contaminants must be considered in the selection of 
treatment devices. Swale and filter strips may be negatively impacted by runoff 
containing chemicals or other harsh components. This must be accounted for when 
selecting the treatment device.  

Swales can also be used as retention devices where appropriate soil conditions allow 
i.e. infiltration rate of >15mm/hr. Specific design of the retention volume beneath the 
swale will need to be undertaken (not covered in this Practice Note). 

The maintenance requirements for a swale device can result in less desirable outcomes 
when they are not constructed and/or maintained to a high standard or are 
misunderstood by property owners. This includes the requirement to remove sediment 
periodically and maintain suitable plant health.  

It is recommended that you consider the provisions and responsibilities for 
maintenance when selecting the stormwater device. 

3.2 District Plan Alignment 
Rules 25.13.4.2 and 25.13.4.2A of the district plan requires that development over a 
certain size include on-site retention of at least 10mm runoff depth through a 
combination of infiltration/soakage or rainwater capture for reuse. Where retention 
through soakage is not achievable, retention for hardstand areas can be replaced with 
water quality treatment. A swale or filter strip device designed to provide full water 
quality treatment can be used to meet this requirement.  

For locations such as shared accessways (servicing more than 6 lots), high-density 
developments, industrial or commercial carparks water quality treatment of runoff 
from the trafficked impervious area is required prior to soakage and prior to discharge 
from the site (refer to Practice Note HCC01 Overview for details). A swale or filter strip 
device designed to provide full water quality treatment can be used to meet this 
requirement.  

4.  SWALE AND FILTER STRIP DESIGN 
4.1 Minimum design requirements 
The following information is intended as a guide only. All 
swales and filter strips within Hamilton City require specific 
design by a suitably qualified Engineer and approval from 
Hamilton City Council (HCC). 
Where there is a Water Impact Assessment (WIA) or Site-Specific Stormwater 
Management Plan (SSMP) for your site, follow the specific site requirements outlined 
in the document. Otherwise, specific design requirements for swale and filter strip 
systems to achieve water quality treatment are provided below. 

Refer to standard Drawing HCC-05.1 for details of a typical Swale Device.  

Design considerations for swale and filter strips are outlined below: 
1. Size and shape: Swales should have a trapezoidal cross-section with a minimum 

base width of 0.60m. Other parameters include side batter slopes (min 1V:3H for 
planted and 1V:5H for grassed), depth (to suit flows) and length (to meet the 
minimum HRT).  

2. Slopes: Sites with steep slopes >5% may not be suitable for swales unless check 
dams are used. Filter strips are suitable over a range of longitudinal slopes ranging 
from 2-5%. 

3. Pre-treatment: In locations where high sediment may be present it is 
recommended that a sediment trap or forebay is installed upstream of the device. 
This may be a trapped sump where inflows into the device are piped, alternatively 
a gravel interception trench can be installed perpendicular to the direction of flow 
in cases where flows enter the swale or filter strip through sheet flow at the 
surface. These types of devices will prolong the life of the device by reducing 
sediment load and associated blinding. 

4. Location: Devices should be located so that stormwater can flow to the device 
under gravity. Devices shall not be located within a 100-year ARI flood extent. 
Devices should be located outside of overland flow paths where practicable, 
however may be integrated if suitably designed for conveyance of larger flows 
safely. Swales and filter strips should be located away from unstable slopes. The 
base of devices shall be located above the winter high water table – refer item 14 
in this list. On-lot devices shall not be shared between properties unless located 
on common property. If using the standard drawing the setbacks and location 
requirements are provided in the notes on the drawing. Otherwise refer to the 
project design engineer for setbacks from foundations and other pavement 
surfaces. 

5. Inlet design: Appropriate inlet design is essential for swales and filter strips to 
function as designed. Water must be able to flow into the device with appropriate 
scour protection and via sheet flow for filter strips. If possible high flows above 
the water quality design event should bypass the device to prevent re-suspension 
of removed sediment. 

6. Outlet: Swales and filter strips shall be connected to an approved stormwater 
outfall in accordance with HCC’s drainage hierarchy. Outlets may include 
catchpits, raised manholes or small wingwalls located at the downstream end of 
the device and connected to a pipe network with suitable capacity. 

7. Vegetation: Good vegetation coverage is critical to the performance of swales 
and filter strips. Swales can either be planted or grassed depending on the 
calculated water quality flow depth. Due to risks of shot-circuiting and flows 
finding preferential pathways and concentrating, planting of filter strips is not 
covered in this Practice Note. 

a. Planted swales: Selection of specific plants is critical to the long-term 
function of these devices. Plant selection shall be in accordance with 
species nominated on Drawing HCC-05.1 (unless plant selection is 
undertaken by a suitably qualified landscape professional). The plants 
must be able to tolerate periods of inundation and longer dry periods, be 
perennial, have deep fibrous root systems, have spreading rather than 
clumped growth forms. Successful plant establishment in swale devices 
has been achieved when the plants are robust and self-sustaining, and 
meet the following criteria: 

 Planting should be at a minimum density of 6 plants/m2 

 Average groundcover plant height >300mm (at maturity). 

 Plants must be healthy and free from disease, no weeds or 
litter to be present. 

Figure 2: Example swale planting detail 

 
a. Grassed swales and filter strips: Where the calculated water quality flow 

depth is less than 150mm (50mm for filter strips), grass is a good option 
for filter strips and swales. 

 Grass height should be maintained to be between 100- 
150mm. 

 Grass should be of uniform coverage, with no bare patches. 

 As per planted swales, the grass needs watering during dry 
periods and weeding where applicable.  

8. Under drain: Swale systems require under drains where they have a longitudinal 
grade of less than 2% (except where they are being designed as retention 
devices). The under drain should be slotted flexible pipe such as Novaflo with a 
minimum diameter of 100mm. 

9. Filter cloth/geotextile: Geotextile must be used to wrap the drainage metal 
which surrounds the underdrain pipe.  

10. Impermeable liner: Impermeable liners (e.g. HDPE liner) may be used where site 
conditions require lining for example unstable ground or steep slopes and must 
consider adjacent services, adjacent trees, slope stability, buildings (including 
footings) and road substrates. 

11. Root barrier: Consider using a root barrier when there are susceptible services 
such (as sewers) or foundations nearby. These are unlikely to be at risk from root 
penetration due to the shallow rooting plants specified in swales but precaution 
is warranted. The root barrier should only be placed adjacent to the services 
which require protection and not around the whole device. 

12. Detention depth: Swales can be designed to provide extended detention or peak 
flow attenuation for greater events in some situations via the use of check dams. 

13. Access: Suitable access needs to be provided for routine maintenance. Small 
residential swales may require access for a wheelbarrow while larger commercial 
swales will require more substantial access, suitable for a small excavator. 
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14. Groundwater: Swale base should be 1.0m minimum above seasonal high ground 
water table. Where swales are intended to interact with the ground water these 
should be designed as wetland swales (not covered under this Practice Note). 

15. Contaminated Land: In instances where the site is identified on the Selected Land 
Use Register (SLUR) held by Waikato Regional Council (WRC) as previously 
containing an activity from the Hazardous Activities and Industries List (HAIL), the 
designer should seek advice from a contaminated land specialist. Identified 
contamination may require that the swale device is lined, or that a different 
device would be more suitable due to the requirement for excavation.  

4.2 Swale Design 
Where water quality treatment is required, a swale device can be designed following 
the specific design requirements and design process outlined below.  

4.2.1 Specific Requirements 
Essential design parameters are as follows. 

 Water quality storm of 90th percentile storm event (i.e. 1/3rd of the 2-year 
ARI 24-hour duration rainfall depth) shall be used to calculate the water 
quality flows. In Hamilton this is equivalent to the 25mm rainfall depth.  

 The design of swales must ensure that they are able to convey runoff from 
larger storm events where required in a controlled manner, are not subject 
to ongoing erosion/scour and are able to be maintained in a safe and 
practical manner.  

 Swale design shall be integrated with site landscape design. 

 Discharges at the downstream end of the swale are to be connected to the 
site stormwater connection, or reticulation where available. 

Minimum requirements as per the RITS Section 4.2.19 are as follows:  

 Swales shall be designed to provide a minimum 9-minute average hydraulic 
residence time (HRT). This should be supported by specific engineering 
design. 

 Water Quality Flow depth maximum 150mm for grass swales and 300mm for 
planted swales. 

 Mannings numbers: 0.25 for Water Quality Event. 0.10 or 0.035 for 10-year 
ARI event, depending on water depth in relation to plant height. 

 Base width 0.60m - 2m max. 

 Minimum length 30m. 

 Maximum velocity for Water Quality Storm = 0.8m/s. 

 Maximum velocity for 10%AEP Storm = 1.5m/s. 

 Underdrains required where swale longitudinal grades are less than 2%.  

 Longitudinal grades in excess of 5% will usually require check dams. 

 Side batter slopes 1V:3H – 1V:5H typical. 

 

 

Figure 3: Typical swale cross-section 

For small scale single-lot residential applications, the following reduced parameters 
may be used in lieu of the above RITS requirements. 

 0.2m swale base width.  

 1V:2H sloped batters due to typically shallow depths. 

 Underdrain required where longitudinal slopes <0.5% (unless combined with 
retention).  

 Length only to meet an average HRT of 9 minutes i.e. no minimum length 
required. 

4.2.2 Design Process 
The following outlines the typical design process for a swale. The calculation steps 
should be documented and submitted for approval along with PS1 documentation. 

1. Undertake site analysis to confirm appropriateness of a swale for 
stormwater management including soil investigations to determine soil 
infiltration rate and groundwater depth. 

2. Determine the catchment area draining to the swale. 

3. Undertake runoff calculations for the sub-catchment using the 90th 
percentile storm event (i.e. 1/3rd of the 2-year ARI 24-hour duration rainfall 
depth). Runoff calculations should be undertaken using the methods 
described in WRC Stormwater Modelling Guidelines (TR2020-06). 

4. Select preferred swale geometric parameters adopting a trapezoidal shape - 
base width, side batter slopes etc. 

5. Select swale length and longitudinal grade. 

6. Using the Manning’s open channel equation, calculate the resulting water 
depth based on the adopted channel parameters. This is an iterative process 
which is best calculated using a spreadsheet. 

7. Determine the velocity of flow within the swale using Manning’s open 
channel calculation. 

8. Determine the HRT based on the adopted swale length and calculated 
velocity: HRT= Length (m) /V (m/s). 

9. Where inflows to the swale occur along its length via multiple inlets, the 
average HRT must be greater than 9 minutes using the effective swale 
length, Leff. The effective length is calculated by summing the various inlet 
flow rates multiplied by the swale length downstream of each inlet point, as 
a ratio of the total flow. 

𝐿𝑒𝑓𝑓  =
( ௅ଵொଵ ା௅ଶொଶା௅௡ொ௡)

ொ௧௢௧௔௟
  

10. If HRT < 9 minutes (using effective length), then adjust the swale parameters 
and re-calculate steps 4-8. 

11. Check 10% AEP event flows from the catchment and conveyance within the 
swale, limiting velocities to 1.5m/s. 

12. Design the swale outlet i.e. catchpit or pipe inlet and connection to the 
stormwater network via lot connection or similar. Include a capacity check of 
the downstream network, if applicable. 

Complete calculation steps and formulas can be found in the Waikato Stormwater 
Management Guidelines TR2020/07. 

Table 1 outlines indicative swale lengths for a range of driveway areas based on the 
reduced parameters outlined above and a longitudinal grade of 1V:250H. The lengths 
in the table assume a single inlet at the head of the swale i.e. the length is the effective 
length. 

Table 1: Indicative swale measurements for various driveway areas 

Connected Impervious 
Area (m2) Swale length (m) Swale top width (m) 

30 11 0.80 

50 13 0.80 

80 15 1.0 

120 16 1.0 

 

4.3 Filter Strip Design 
Specific requirements and design process for a filter strip are provided below.  

4.3.1 Specific Requirements  
Essential design parameters for filter strips are as follows. 

 Runoff is to be discharged via sheet flow to filter strip. Requires careful site 
grading or a level spreader device can be used. Concentrated flows reduce 
the effectiveness of filter strips. 

 Flows over filter strips should not be concentrated. Minimum filter strip 
width to suit site and HRT calculations. 

 Minimum grass height of 100mm.  

 Maximum flow depth of 50mm. 

 Water Quality storm 90th percentile storm event (i.e. 1/3rd of the 2-year ARI 
24-hour duration rainfall depth) shall be used to calculate the water quality 
flows. 

 Minimum hydraulic residence time = 9min. 

 Filter strip longitudinal grade = 2% minimum, 5% maximum. For small 
residential applications, this can be reduced to 0.5% minimum grade. 

 Maximum lateral slope measured along width= 2%. 

 Maximum Velocity 0.4m/s for the Water Quality Storm. 
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 Maximum overland flow distance uphill of filter strip – 23m for impervious 
catchments. 

 Manning’s No. 0.25 Water Quality Storm, 0.10 or 0.035 for 10-year ARI event 
depending on flow depth. 

 Maximum velocity for 10-year ARI event = 1.5m/s. 

 

 

Figure 4: Typical Filter Strip 

4.3.2 Design Process 
The following outlines the typical design process for a filter strip. The calculation steps 
should be documented and submitted for approval along with PS1 documentation. 

1. Site analysis to confirm appropriateness of a filter strip for stormwater 
management including soil investigations to determine soil infiltration rate 
and groundwater depth. 

2. Determine the catchment area draining to the filter strip.  

3. Undertake runoff calculations for the contributing catchment using the 90th 
percentile storm event (i.e. 1/3rd of the 2-year ARI 24-hour duration rainfall 
depth). Runoff calculations should be undertaken using the methods 
described in WRC Stormwater Modelling Guidelines (TR2020-06). 

4. Select Filter strip parameters i.e. width, length, slope etc. 

5. Using the Manning’s equation, calculate the depth of flow based on the 
maximum width available for the filter strip. Adjust the width until the flow 
depth is less than 50mm. 

6. Calculate the flow velocity using the formula V= Q/A. Flow area is width x 
flow depth. 

7. Determine the filter strip length based on a 9-minute residence time and the 
formula L=V x t.  

8. Adjust the filter strip parameters if required and re-calculate steps 4-8. 

9. Design filter strip outlet i.e. catchpit or pipe inlet and connection to the 
stormwater network via lot connection or similar. 

Table 2 outlines indicative filter strip sizes for a range of driveway areas based on the 
design parameters outlined above, to achieve a 9 minute HRT. For these example 
calculations the following parameters have been adopted 

 Filter strip slope of 0.5%    

 Width = 10m i.e driveway length. 

Table 2: Indicative filter strip measurements for various driveway areas 

Connected Impervious Area (m2) Filter Strip length (m) 

30 2.8 

50 3.4 

80 4.1 

120 4.9 

5. CONSTRUCTION 
Swale or filter strip devices should not be built until the rest of the site has been 
constructed and the site stabilised. They must be protected from stormwater flows 
from your site or neighbouring sites carrying high sediment loads during construction 
activities. If they are not protected during construction, then any accumulated 
sediment will need to be cleared out and possibly plants replaced. 

If construction of the swale or filter strip device needs to commence before the rest of 
the site is stabilised then the device should be constructed, but only with pipe 
connections and no plants, until the site is stabilised.  

Installation of underdrainage, any outlets, topsoil and plants must be undertaken with 
care. Special care must be taken around all inlets and outlets. 

Care should be taken to not compact in-situ soils beneath swale or filter strip devices, 
especially when they are being used for retention infiltration. 

Devices must be protected during the building phase to 
ensure no dirty stormwater runoff enters the device. 

If possible, do not construct the device until the 
surrounding areas have been stabilised and erosion is no 
longer a concern. 

Incoming flows must be diverted until the swale or filter 
strip is fully planted. 

6.  MAINTENANCE 
One of the important considerations with swale and filter strip devices is long-term 
maintenance. Remember that these devices are similar to a garden and/or lawn area 
and are generally low maintenance, not NO maintenance. 

Swales and filter strips need water when it doesn’t rain until the plants are established. 
During dry periods watering the vegetation on an as needed basis helps ensure a 
healthy condition and appearance. 
The following lists some requirements to keep your swale or filter strip device in good 
condition: 

 Weed regularly as you would with any garden.  

 Don’t let (fine) sediment build up – if a crust forms remove it and rework the 
top layer of soil. 

 Keep an eye on the plants – if they are unhappy, they may need moving. 
Plants may need pruning, thinning or replacing from time to time.  

 For grassed swales and filter strips undertake regular mowing to a minimum 
height of 100mm. Use a catcher to remove grass clippings. 

 Large or concentrated water flows may cause erosion, this will need to be 
repaired, and measures put in place to prevent recurrence.  

 Do not park, or drive on the device as this causes compaction and leaves 
wheel ruts. 

 Check the inlets and outlet for clogging and remove any build-up of rubbish 
or debris regularly. 

 Protect from the inflow of chemicals such as herbicides, fungicides (including 
wet and forget type moss removal), chemical roof cleaners, paint wash and 
general detergents. 

 If the swale stops draining (i.e., there is permanent water at the surface 
between rainfall events) check for blockages at the outlet and/or call a 
plumber or drainlayer to inspect the system. Potentially need to flush the 
underdrains (if present). 

Maintenance is key to ensuring the long-term performance of any stormwater 
treatment device. Maintenance of on-lot devices is required to be undertaken by the 
lot owners as HCC do not maintain private devices. 

Table 3 provides general maintenance procedures applicable to treatment devices and 
a suggested schedule. 

Table 3: Maintenance procedures and suggested frequencies 

Maintenance Inspection Frequency  

Inspection of the treatment device for signs of failure, 
blockage, excessive erosion. 

Generally, after each 
major rainfall event 

Regular mowing to maintain healthy grass no shorter 
than 100mm long. Use a catcher so clippings are 
removed.  
Re-seed or re-plant areas where grass has died or has 
eroded away. 

Typically every 2 
weeks depending on 
the season 

Removal of accumulated sediment. This can be done 
using a spade or garden trowel and bucket. Sediment 
removed should be disposed of appropriately. 

Annually 

Weeding to remove pest plants Monthly as part of 
general maintenance. 

Other specific maintenance relevant to the stormwater 
device i.e. adding plants or topsoil, replacing rocks 

As required 

7.  SUMMARY OF PLANNING REQUIREMENTS 
The swale or filter strip device must be consented either as part of a site’s building 
consent or as part of an underlying resource consent. This will require information on 
the size and location of the device. 

For details on building consents please contact HCC’s Building Control Unit phone (07) 
838 6699. 
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Swale devices are required to be designed by a suitably qualified person based on the 
guidance provided in this Practice Note, the RITS, and other best practice guidance. 

As-laid plans, authorised by a registered installer, are required for the drainage 
components of the swale device and shall be provided to HCC. 

8. INFORMATION PROVIDED TO COUNCIL 
As part of application for building consent, the applicant must provide at minimum the 
following information relating to HCC. 

1. Results of infiltration testing for the site including groundwater depth. 

2. Clear plan of catchment areas connecting to stormwater management 
devices and landcover of these. 

3. Summary table of contributing catchments and treatment measures. 

4. Summary table of swale or filter strip size and supporting design calculations 
demonstrating the required HRT is achieved. 

5. Detailed site drainage plans including device inlet and outlet details. 

6. Confirmation of legal ownership arrangements including any body corporate 
agreements etc. 

7. Operation and Maintenance requirements. 

 


