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1. INTRODUCTION 
This practice note1 has been developed by Hamilton City Council (HCC) to provide 
information for water quality management within the Rotokauri Southern 
Development Area. It provides a high-level overview of design options, including a 
case study, to minimise the footprint of water quality solutions, as well as reducing 
the maintenance burden within the Southern Development Area while still meeting 
the Rotokauri Integrated Catchment Management Plan (ICMP) stormwater quality 
objectives.  
 
This practice note covers the preferred treatment train for developments in the 
Rotokauri Southern Development Area; that is, the combination of on lot measures, 
sub-catchment raingardens and centralised wetlands. HCC strongly discourages 
development proceeding prior to Greenway construction, as it will lead to 
unsatisfactory transitional infrastructure solutions. 

1.1 Background 
Land within the Rotokauri Southern Development Area will be developed 
progressively to accommodate population growth. The Rotokauri Greenway is a 
significant stormwater infrastructure project within the Growth Area, that has been 
designed to provide a stormwater drainage, treatment, ecological and flood 
management corridor that is fed by a wider network of smaller green corridors and 
connects Lake Waiwhakareke to Lake Rotokauri. Once it is constructed, development 
in the growth area will be able to occur with more ease; fewer interim restrictions, 
less flooding and tailwater challenges.  In addition to the water quality treatment 
provided by the Greenway, developments will be required to incorporate water 
sensitive urban design (WSUD) to comply with the Rotokauri ICMP objectives. The 
Rotokauri ICMP incorporates a range of objectives relating to the stormwater 
solutions for the catchment including but not limited to: 
 Flood Storage in a central greenway corridor and within several large-scale flood 

storage wetlands within the catchment (refer Figure 5) to limit water levels at the 
downstream lake Rotokauri,  

 Controlling flood levels within the low-lying development areas to preserve 
freeboard for private properties and manage flooding of roadways to meet 
Waikato Regional Infrastructure Technical Standards (RITS) and HCC District Plan 
rules. 

 Treatment to achieve 70% phosphorus removal, 90% sediment removal and 
extended detention incorporating centralised treatment wetlands integrated 
with the Greenway corridor. 

 Preference for open channel tributary conveyance. 
 Restored stream within the greenway and tributary channels providing ecological 

connectivity, in-stream ecological values and resilience for post development 
flows. 

A combination of on lot measures, sub-catchment raingardens and centralised 
wetlands can be utilised to meet District Plan and ICMP water quality requirements, 

 
 
1 The Three Waters Management Practice Notes are a Hamilton City Council controlled 
document and will be subject to an ongoing review process.  The latest version of the Practice 
Notes can be downloaded from the Hamilton City Council Website 
http://www.hamilton.govt.nz/our-council/council-publications/manuals/Pages/Three-Waters-
Management-Practice-Notes.a 

but also to minimise the maintenance burden and reduce the required treatment 
footprint.  
 
The preferred treatment train includes downstream wetlands, connected to the 
Greenway or in tributary locations, with extended detention levels above the 
Greenway 2-year ARI flood levels but shared 100-year ARI storage zones. The residual 
phosphorus performance requirements to be met with an adaptable toolbox 
approach in Table 5-6: ‘Means of Compliance’ in the Rotokauri ICMP comprising a 
range of options or alternatives if demonstrated by contaminant modelling to meet 
the requirements. The preferred approach is to achieve this upstream treatment in 
agglomerated raingardens, where possible located in parallel to wetland forebays 
discharging to the main wetland, referred to as “coupled raingardens and wetlands”.  
 

Amalgamating on lot raingardens into coupled raingarden and wetlands, provides the 
following benefits: 

 Reduces maintenance efforts and life cycle costs (CAPEX and OPEX)  

 Maximises on lot land area 

 The design of dedicated water treatment area can add to the amenity of the 
site and surrounding area and connection to the natural environment 

 
Figure 1: Treatment Train Process Flow Diagram for Scenario 1 and 2 

Details on the recommended approach can be found in the following sections. 

1.2 Minimum On-lot Measures 
On-lot devices are required within the District Plan to achieve water efficiency and 
retention targets. Within the Rotokauri Southern Development Area, on-lot quality 
measures are not required in the treatment train to meet the ICMP water quality 
requirements in Figure 1. In accordance with Waikato Regional Council guidelines, 
this initial abstraction mitigation can be reflected in the sizing of the Water Quality 
Volume (WQV) of downstream wetland. Preferred on lot devices include in 
accordance with the ICMP: 

 Rain tanks (to capture a rainfall depth of 10 mm for the whole lot) 
 Infiltration (where feasible) 

Details on the design of these can be found in the HCC Three Waters Practice Notes, 
available here.  

2. SUBCATCHMENT RAINGARDEN SCENARIOS 
The Rotokauri Southern Development Area has three distinct potential stormwater 
management scenarios for development as follows: 
 
Note that Scenario 3 is not preferred. This scenario allows for distributed raingardens 
in cases where sub-catchment raingardens are unfeasible due to elevation or layout 
constraints. Developers must demonstrate that no other options are viable before 
considering this approach. 

2.1 Scenario 1; Sub-catchment raingardens treating up to 
2-4 ha  

This configuration includes sub-catchment raingardens designed for connected 
catchments of between 2ha and 4ha or less (as required by the Waikato Stormwater 
Management Guidelines (Waikato Regional Council, 2020)). Flows from these sub-
catchment raingardens will then discharge into a centralised wetland  Figure 1 
generally depicts the simplified schematic arrangement for Scenario 1.  

2.2 Scenario 2; Sub-catchment raingardens treating above 
4 ha  

Larger catchments produce baseflows that can clog or scour raingarden filter media 
with the scale requiring more complex inlet arrangements. To accommodate a larger 
than 4ha catchment, a pre-treatment raingarden would require protection from gross 
pollutants and have baseflow bypass to allow continuous seasonal baseflow to go 
past the biofilter through to the wetland.  
 
In Scenario 2, a preferred configuration is to position the sub-catchment raingarden 
between a shared forebay and downstream wetland. This requires approximately 
1.25 m level difference between the raingarden/forebay and the main body of the 
wetland. The whole catchment is connected to the forebay. Baseflows discharge 
directly from the forebay to the wetland, stormwater above baseflow rates will head 
up and first discharge into the raingarden, with higher flows (above approx. 25% of 
the 2-year ARI peak flow) side casting into the wetland. The pre-treated stormwater 
from the raingarden will be conveyed via underdrains to the wetland.  
Figure 2 depicts the schematic arrangement of Scenario 2. 
 

 
Figure 2: Cross Section of Scenario 2 Treatment Train 
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2.3 Scenario 3; Where sub-catchment raingardens cannot 
be achieved  

As described in section 1.1, the benefits of amalgamated sub-catchment raingardens 
are such that HCC strongly discourages highly distributed raingardens. However, in 
some cases, sub-catchment raingardens may not be feasible. This may be because of 
elevation issues leading to hydraulic grade constraints or existing layout constraints 
with no land available given existing property boundaries. In these cases, it is 
important to ensure there is no opportunity for downstream upsizing before 
considering distributed raingardens. This evidence must be demonstrated in 
submissions to Council. 

3. DESIGN CONSIDERATIONS FOR 
SUBCATCHMENT RAINGARDENS  

Three Waters Practice Notes; HCC02, HCC03 and HCC04, provide guidance for the 
design of on lot devices. However, the following sizing guidance applies to sub-
catchment raingardens, provided there is also a downstream centralised wetland 
proposed for the development. Where a downstream wetland is not feasible, then a 
full-sized raingarden might be applicable as per the Three Waters Practice Note 
HCC04. 

 
3.1 Under sizing Raingardens 

The following information is intended as a guide only. All 
treatment train systems within Hamilton City require 
specific design by a suitably qualified Engineer and 
approval from Hamilton City Council. 

The Rotokauri ICMP requires an average 40% Total Phosphorus (TP) removal to be 
achieved via source controls (Table 5-6 in the Rotokauri ICMP) before secondary 
treatment in wetlands. WRC’s accepted contaminant removal rates for stormwater 
treatment devices are shown in Figure 3, showing that a full-size bioretention device 
achieves a TP removal efficiency of 60%. According to Auckland Regional Council 
Technical Publication 10 (TP10) Stormwater Management Device Design Guideline 
Manual 2003, for a typical device to achieve 75% Total Suspended Solids (TSS) 
removal efficiency, 100% of the WQV must be captured; and to achieve two-thirds of 
TSS performance, equating to the required 40% phosphorus pretreatment, a 25% size 
device is required.  

 
Figure 3: Removal Rates for Various Stormwater Devices (Waikato Regional 
Council, 2020) 

 

Therefore, to achieve 40% TP removal efficiency, a bioretention device sized for 25% 
of the WQV is expected to be adequate, under the assumption that Phosphorus is 
largely sediment bound and TSS reduction is approximately proportional to TP 
reduction. As such, the source control pre-treatment bioretention (raingardens) in 
Rotokauri Southern Development Area developments may be undersized. HCC04: 
Bioretention systems practice note requires the device surface area 2% of the 
contributing impervious catchment area (Hamilton City Council, 2017). This therefore 
leads to a 40% pretreatment bioretention device with a surface area 0.5% of 
contributing impervious catchment area. This rationale has already been adopted in 
Rotokauri Southern Development Area developments. This performance has been 
confirmed as suitable by MUSIC treatment train modelling (Morphum 2024). 

Aside from sizing, other design requirements of bioretention devices must adhere to 
the Three Waters Practice Note HCC 04: Bioretention Raingardens. It is noted that the 
underdrain from the raingarden should have an outlet level above the downstream 
Wetland Extended Detention level. 

3.2 Wetlands 
The wetland extended detention (ED) level needs to be above the 2-year ARI peak 
water level of the greenway. This is to ensure that long duration of flood detention in 
the greenway will not inundate wetland vegetation too frequently causing issues with 
vegetation survival. Given the likely variable groundwater levels, wetlands should be 
sealed with a liner such as a geosynthetic or clay lining in order to maintain water 
levels and plant health. Design requirements of wetlands must adhere to the RITS. 
The outlet will have an accessible Wetland Outlet Hydraulic control manhole in the 
bund with an inlet pipe with soffit 500mm below wetland NWL to discharge cooler 
water, adjustable/removable weir plate for extended detention control and 
naturalised spillway at the ED level to reoxygenate and celebrate the outflows. Access 
path crossing of outlet spillway if required should have a boardwalk crossing to 
maintain water values. 

3.3 Sizing of Hydraulic Structures for Scenario 2 combined 
systems (above 4ha) 

3.3.1 Inlets and outlets 

Forebay inlet 
The inlet to the forebay, wetland and bioretention has to be configured to protect the 
treatment devices from high flows. Upstream of the forebay a diversion is required to 
divert flows above the 2-year ARI peak into a high flow channel. All flows below the 2-
year ARI peak flow rate will flow into the forebay to be treated via a combination of 
the raingarden and wetland. This could take the form of a side cast weir in an open 
channel or a manhole diversion if reticulated. 

Forebay diversion to Wetland 
A submerged pipe draws off cooler water, with less risk of blockage from floating 
debris, from at least 500mm (inlet soffit) below the surface of the forebay as required 
by the RITS. The pipe can have a flat or reverse slope to connect to Forebay Outlet 
Hydraulic Control Manhole that is accessible and contains adjustable weir plates i.e. 
that can be swapped, raised or lowered to respond to hydraulic function optimisation 
and potential future climate changes. The manhole outlet discharges high up on the 
face of the forebay outlet spillway to allow reoxygenation and amenity from 
baseflows. 

  
The weir plate has an orifice at forebay normal water level (FNWL) to pass assessed 
baseflows to the wetland. Orifice size should be calculated for the baseflow at 75mm 
head. This will cause higher flows to head up to a depth of 150mm above FNWL and 
engage the raingarden level spreader on the side of the forebay. Moderate events 
which have exceeded the capacity of the raingarden extended detention depth 
(approximately 250mm above FNWL) will engage a weir crest at the forebay outlet 
spillway to enable higher flows up to the 2-year peak flow to cascade freely down the 
spillway into the wetland. The forebay outlet spillway should be naturalised as a rock 
cascade for reoxygenation and amenity. 
 
Forebay diversion to Raingarden 
Stormwater flows greater than baseflow will discharge via a level spreader into the 
raingarden. The level shall be set approximately 150mm above the FNWL and 
approximately 100mm above the raingarden surface.  Erosion protection such as rock 
mulch, concrete edge or paving stones shall be placed on the raingarden side 
ensuring no path for short circuiting (no gabions). Flows into the raingarden which 
are less than the infiltration rate of the filter media will discharge via underdrains to 
the wetland. The top of the underdrainage media level shall be set at 100mm above 
wetland ED level to allow the raingarden to drain freely even when the wetland 
extended detention is fully engaged. Flows exceeding the raingarden infiltration rate 
will engage the extended detention depth until the crest of the forebay outlet 
spillway weir is exceeded. 

3.3.2 Overflow  

Two overflow mechanisms are to be incorporated into the treatment train. They are: 
 Upstream of the forebay where a primary diversion weir or manhole will direct 

flows less than calculated 2-year ARI peak into the treatment system with peak 
flows which exceed this conveyed via a high flow bypass towards the 
downstream channel 

 From the wetland to the downstream receiving environment for flows exceeding 
the wetland extended detention level, also allowing for backwater of higher 
water levels from the downstream greenway for extra flood storage. See Section 
3.4 for requirements for additional flood storage located within development 
wetlands or swales.  

Design of overflows are to be designed according to the Waikato RITS with above 
ground connections preferred for ease of maintenance and to celebrate water values. 

3.4 Sizing of flood storage within wetlands or 
development swales 

Developments within the Rotokauri Southern Development Area may be required to 
provide additional flood storage (over and above the storage provided within the 
Greenway). These requirements are indicated in Figure 5 - Rotokauri Flood Storage 
Volume Requirements.  
 
The volume provided must be designed to integrate with the flow regime of the 
greenway flood storage. Figure 5 - Rotokauri Flood Storage Volume Requirements 
outlines the volume required in each piece of infrastructure. Flood storage can be 
achieved by providing the required flood volume below the MPD 100 year + CC flood 
level of the connecting basin. The additional flood storage volume will then be 
controlled only by the tailwater within the greenway flood storage and does not 
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require additional outlet control. Figure 5 outlines the minimum and maximum levels 
for the storage provided. 
 
This is the agreed means of compliance in accordance with the ICMP. Any alternative 
would need to be tested and trialled using hydraulic modelling and approved by 
Hamilton City Council & Waikato Regional Council.  

3.5 Interim flood storage  
In the Southern Development Area, where development occurs prior to the 
construction of centralized infrastructure, the development must provide interim 
flood storage equivalent to a minimum of 1200m3 per hectare of development (gross 
including roads and reserves) as required by the ICMP. This is in lieu of providing peak 
flow attenuation for the 2-, 10- and 100-year ARI events. In all instances the 
infrastructure must be designed to coordinate with the proposed greenway.  

4. SUMMARY OF PLANNING REQUIREMENTS 
Amalgamated raingardens and wetlands, where appropriate, must be approved 
through Waikato Regional Council Earthwork and Discharge Consents, HCC 
Earthwork, Subdivision and Land Use consents and HCC Engineering Plan Approval 
processes. 

On Lot rain tanks and soakage systems must be consented either as part of the whole 
site’s building consent or as a separate building consent. 

For details on building consents please contact Hamilton City Council’s Building 
Control Unit phone (07) 838 6699. 

Soakage systems sized for the 10-year ARI event 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 including HCC’s on-lot practice notes (see 
here). 

As-laid plans, authorised by a registered drain layer, are required for your soakage 
system, and shall be provided to council. 

If your soakage system is designed to be a reduced device, provided you comply with 
the minimum design requirements outlined in this practice note HCC’s on-lot practice 
notes (see here) and the RITS, specific engineering design is not required for your 
soakage system. As-laid plans are still required for your soakage reduced device, 
authorised by a registered drain layer, and shall be provided to Council. 

5. OPERATION & MAINTENANCE REQUIREMENTS 
All devices need to be maintained regularly during establishment & after vestment to 
ensure that the system is operating as it is intended. An Operations & Maintenance 
Plan must be prepared, and the plan shall document all activities required for the 
operations & maintenance of the devices, including responsibilities for maintenance, 
inspections after heavy rainfall, frequencies of maintenance, and a clear plan showing 
the location of all stormwater management assets.  

Any developments ahead of the greenway completion may have transitional 
requirements to reconfigure treatment and conveyance infrastructure to their 
ultimate state. These transitional activities will have consent conditions and be 
subject to instruments such as Private Developer Agreements (PDAs) requiring the 

developer to operate and maintain devices until transition is complete, at which time 
asset handover, defects liability and consent handover processes will commence. 

In addition to typical operations & maintenance activities recommended for sediment 
forebays, raingardens and wetlands, the following should be specifically considered 
for this recommended treatment train & configuration: 

Table 1: Specific maintenance considerations 

Maintenance action Frequency 

Inspect & clear Forebay Outlet Weir 
The small orifice installed to bypass the catchment baseflow 
is critical to the operation of the raingarden. It must be 
protected from floating debris and sediment by a mid-water 
submerged outlet pipe. The weir plate must be easily 
accessible from access paths and able to be inspected and 
cleared from the surface without confined space entry. If it is 
blocked, water levels will head up, discharging baseflow to 
the raingarden. This can result in the saturation of the 
raingarden & potential loss of raingarden vegetation.  

3 months and 
after high 
rainfall event 

Inspect raingarden level spreader 
Inspect for signs of differential settlement or debris that may 
cause uneven flow distribution.  

6 monthly  

Forebay Spillway 
Inspect forebay spillway for signs of erosion and for signs of 
flow from both the baseflow orifice and raingarden 
underdrains. This may be an indicator that the orifice is 
blocked. 

6 monthly 

 

All Operations & Maintenance Plans must be provided to Council prior to Engineering 
Plan Approval (in accordance with consent conditions and District Plan requirements) 
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6. WORKED EXAMPLE 
A residential development is proposed as part of the greater subdivision 
development at Rotokauri, Hamilton within the Southern Development Area. 
Stormwater treatment is required to comply with the ICMP for the Rotokauri area. 
Two wetland treatment trains are proposed to treat stormwater runoff and provide 
flood storage. The treatment train must be sized to provide flood storage and 
treatment in accordance with the ICMP for the Rotokauri area. Each proposed 
wetland treatment train consists of a forebay, raingarden and wetland. Each Wetland 
has been sized to treat the full water quality volume (WQV) as permanent storage 
and includes extended detention to protect the downstream natural receiving 
environment. The wetlands are also sized to route the 2-year rainfall event. Any 
rainfall event larger than the 2-year event will bypass the wetland and be directed via 
a high flow bypass to the proposed greenway swale. 

This example does not include the provision of additional flood storage that are 
required in some areas of Rotokauri. This worked example focusses on the sizing of 
the inlet zone (raingarden) and bypass at the forebay outlet. The contributing 
catchment is 16.20 ha for treatment train A and 5.39 ha for treatment train B. 

Design Objective: 
 Optimise treatment performance and use of land efficiently 

 Achieve an average 40% TP removal achieved via source controls (upstream of 
central sub-catchment wetlands) 

 Achieve an average 50% TP removal achieved via central sub-catchment 
wetlands on a catchment-wide basis 

 Achieve greater than 70% TP removal achieved via overall treatment train/ 
system (source controls and ventral sub-catchment wetlands) 

 Achieve greater than 90% removal achieved via overall treatment system 
(including erosion and sediment controls during development and housing 
construction) 

7. NOTES 
The volume details provided in this practice note are preliminary and subject to 
change. After completing your detailed design and obtaining consent for your 
development, developers must update these volumes specifications to reflect the 
final design.  Before proceeding with any development plans, please consult HCC to 
ensure you fully understand and can meet the long-term catchment requirements as 
illustrated in figure 4. HCC will provide you with the most current information and 
specific guidelines for your development. 

 

Design Information Table (Post Development) For Treatment Train A For Treatment Train B 

Catchment Area (m2) 16.2 5.39 

Wetland size in proportion of catchment area 4% 4% 

Wetland surface area (m2) 6481 2156 

Q2 (m3/s) 1.65 0.55 

V2 (m3) 9293.07 3091.32 

Q10 (m3/s) 2.59 0.86 

V10 (m3) 14626.72 4865.55 

Q100 (m3/s) 4.07 1.36 

V100 (m3) 23205.72 7719.33 

Min. WQV (1/3 of the 2-year storm 24hr ARI rainfall event) (m3) 1935.13 643.72 

Forebay Volume (15% of WQV) 291.65 97.02 

Forebay Area (10% of Wetland Area) 648.12 215.6 

Forebay Weir Flow Spreader Level (m) 31.25 31.25 

Forebay Permanent Water Level (m) 31.1 31.1 

Forebay Invert Level (m) 29.6 30.1 

Sub-catchment Raingarden size (0.5% catchment area) 810.15 269.5 

Raingarden Surface Level (m) 31.15 31.15 

Raingarden Outlet Invert (m) 30.35 30.35 

Wetland Permanent Water Level  29.85 29.85 

Wetland Extended Detention Level 30.2 30.2 

2 Yr Water Level (Wetland) 30.5 30.5 

2 Yr Water Level (Downstream) 30.1 30.1 

Baseflow rate into wetland L/s 1.62 0.54 

Wetland Outlet Invert (m) 29.85 29.85 

Wetland Top of Weir Overflow Level (m) 30.2 30.2 

Wetland Overflow Weir Level (m) 30.2 30.2 
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Figure 4: Rotokauri Flood Storage Volume Requirements 


