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 Managing scour and erosion of material around the pipes. 

 Managing loss of material via seepage through backfill. 

 Connecting into Geoweb material. 

 Allowing practical maintenance and access. 

A number of options have been considered for the detail around the pipe outlets. Table 16 

outlines the options considered. 

Table 16 Pipe outfall options 

Option Diagram Advantages Disadvantages 

Standard 

concrete 

headwalls 

structure 

 

 Effective management 

of seepage, scour and 

erosion 

 High visual impact 

 Heavy 

No facing 

around 

pipe 

 

 Low visual impact  Risk of scour and 

erosion around outfall 

 Risk of seepage and 

loss of material 

around pipe 

Rip rap 

surround 

 

 Medium visual impact 

 Effective management 

of seepage, scour and 

erosion 

 Un-natural materials 

for the area 

Mitred 

concrete 

headwall 

 

 Effective management 

of seepage, scour and 

erosion 

 Medium visual impact 

Hessian 

bag 

headwall 

 

 Effective management 

of seepage, scour and 

erosion 

 Medium visual impact 

Timber 

frame 

 

 Effective management 

of scour and erosion 

 Medium visual impact 

 Moderate risk of scour 

and erosion 

PE flange 

fixed to 

Geo web 

 

 Low visual impact 

 Reasonable 

management of scour 

and erosion when 

combined with Geoweb 

 Moderate risk of scour 

and erosion 

The linked image cannot be displayed.  The file may have been moved, renamed, or deleted. Verify  that the link points to the co rrect file and location.
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8.2.2 Selected option 

Auckland Council have advised that the visual impact of the pipe outfalls is a key requirement 

and should be reduced as much as possible. The timber frame and rip rap surround options 

were not considered suitable by the landscape architect. 

The PE flange fixed to Geoweb option is the selected option. 

The PE flange option provides a reduced visual impact of the pipe outfalls as they can be 

integrated and hidden by the surrounding landscape features. Geoweb will surround the pipe 

outfalls and will be fixed to the PE pipe.   

The flange of the pipe will overlap the Geoweb to prevent it from coming loose around the pipe.  

The flange is proposed to be 75 mm wide from the outer wall of the PE pipe to the outer 

diameter of the flange. 

The Geoweb will be filled with a mixture of rock and soil and planted.  Rock will be placed 

around the pipe outfall to a distance of at least 300 mm to minimise scour around the pipe 

outlet. 

8.2.3 Timing 

The benefits of installing the outfalls as part of the Awakeri Wetlands project are: 

 Pipes are installed through the slurry wall in a controlled manner, and reinstatement of 

the slurry wall hydraulic barrier can be monitored and achieved to a high quality. 

 Auckland Council can control the appearance of the outfalls, including size, material and 

headwall structures. 

 Auckland Council can control the locations of the outfalls to align with the design of the 

Awakeri Wetlands (i.e. typically downstream of weirs where practical. 

8.3 Overland flow 

Overland flow will need to be conveyed to the channel via secondary overland flow paths from 

development within the adjacent land.  The design of these flow paths will be undertaken by the 

developers of the land. Overland flow paths for developments are usually designed along 

walkways or roads. This will be done by individual developers as and when infrastructure for 

particular development is implemented. 

The channel has been designed with a depth to allow sufficient hydraulic grade from the 

furthermost extent of the catchment to the channel.  Some areas will require fill by the developer 

due to the existing topography sloping away from the catchment.  The possible drainage 

solution considered uses pipes to convey the primary flow (10% AEP).  Developers may use 

swales and water sensitive design rather than piped networks, however assuming pipes 

provides a conservative assessment. 

The Awakeri Wetlands design includes bank protection at locations where overland flow is 

expected down the banks. Scruffy dome manholes are provided upstream of the pipe outfalls to 

allow the capture of some overland flow where overland flow paths are expected to align with 

pipe outfalls.   

Given that development of the catchments and alignment of overland flow within the catchment 

is highly dependent on developers, the locations allowed for in the Awakeri Wetlands project are 

indicative, and alternative locations may be installed in the future by developers. 
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9. Grove Road Culvert Inlet 
The Grove Road Box Culvert and the inlet structure for it has been designed by Jacobs, who 

have provided an invert level of the culvert of 17.5 m. The culvert entry has a tapered mouth to 

provide more efficient inlet conditions. The culvert mouth has an invert level of 17.6 m. The 

mouth transitions into an apron which slopes up to RL19.1 m. 

The downstream weir of the Awakeri Wetlands has an RL of 20.55 m (lowest point).  Therefore 

a 1.5 m vertical transition is required between the inlet structure/apron and the last weir of the 

Awakeri Wetlands.  This section outlines the design of this transition.  Drawings 51-33411-

C221-C223 outlines the concept. 

Design principle 

The key considerations for the design of the transition between the Awakeri Wetlands and the 

Grove Road Box Culvert inlet structure include: 

 Lower velocities to control erosion / scour. 

 Flood level to achieve suitable freeboard for Grove Road. 

 Fish passage. 

 Controlling groundwater drawdown. 

The key design features include: 

 A series of discrete pools formed using PVC sheet piles and timber facing to assist fish 

passage between the Grove Road culvert and the TSCC.  

 There is a 150 mm step between each pool allowing each pool to cascade into each 

other via low points created using the weirs. Each 150 mm step is broken up into three 

50 mm steps which is formed using timber.  This provides a 50 mm maximum jump for 

fish travelling up the passage. 

 The average longitudinal slope of the fish passage is approximately 13.3H:1V.   

 The pools are approximately 2.4 m wide allowing some shading from adjacent planting of 

native grasses and shrubs. 

 This defined channel has capacity up to 1 m3/s before water spills over other sections of 

the weir and flows across the adjacent ground slope. 

 The ground adjacent to the fish passage has an approximate slope of 5% with a 0.5 m 

drop over a timber faced concrete wall at the base of the slope.  The purpose of the wall 

is to allow a reduction of the overall slope leading down to the culvert headwall to reduce 

velocities and shear stresses along the slope. This will allow the slope to be planted with 

native grasses and shrubs, which will hide the concrete and improve the aesthetics at this 

location. 

 Geoweb and Enkamat is proposed across the slope to reduce the risk of scour during 

storm events and to help stabilise the plants and soil along the slope. 

 The last weir of the Awakeri Wetlands is located at the top of the slope and is 

approximately 35 m long with an RL of 20.55 m at the centre (lowest point). The level of 

the weir varies across its length with areas of RL 20.80 m and RL 20.90 m to control the 

flow regime and manage scour risk of the downstream slope.   

 This weir sets the permanent water level in the upstream channel, which is maintained to 

control the groundwater level.   
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 This last weir outside of the controlled fish passage incorporates a drop of RL 20.80 to 

RL 20.50. This drop concentrates the energy dissipation where there is a high level of 

erosion protection prior to flowing down the overall slope to the culvert mouth. 

9.1.1 Scour and erosion 

High flow events up to the 1% AEP event are not expected to produce the highest velocities, as 

the flow will be drowned out at the culvert entry; rather, the smaller events will produce the 

critical velocities for erosion and scour. Velocities are expected to reach up to 3-4 m/s for the 

critical storm events along the surface leading down to the Grove Road culvert inlet structure.  

These velocities are expected to be acceptable for planting and will be dissipated using a 

strategically placed concrete wall and apron at the downstream end of the slope and hardfill 

immediately downstream of the weir.  

A combination of Geoweb and Enkamat is proposed along the slope down to the inlet. The 

Geoweb will be filled with:  

 A mixture of 75% soil and 25% GAP65. This will allow the surface to be planted and will 

provide some reinforcement to the plant roots as discussed in Section 6.5.3. 

 GAP65 strip 1 m wide downstream of the last weir at the top of the slope leading down to 

the culvert mouth to manage sufficient energy dissipation over this weir. 

9.1.2 Groundwater drawdown 

The weir at the top of the slope will maintain the permanent water level in the channel.  

Downstream of this weir, the proposed ground level will drop into the Grove Road Culvert Inlet.  

To prevent groundwater drawdown due to the deeper cut; a physical groundwater cut-off barrier 

has been constructed to surround the entire inlet structure, as per Drawing 51-33411-C221.  

The barrier is a 7 m deep slurry wall and has been installed. A similar barrier has also been 

installed upstream near Cosgrave Road to mitigate groundwater drawdown due to the deep cut 

of the channel.   
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10. Crossings 
The Awakeri Wetlands includes a number of proposed vehicular crossings. The Cosgrave Road 

culvert and Old Wairoa culvert are part of Stages 2 and 3 and therefore have not been 

discussed in this report. 

Crossings within the Stage 1 Awakeri Wetlands include  

 A proposed culvert on the northern channel at Chainage 300. 

 A proposed culvert on the northern channel at Chainage 700. 

The proposed culverts are standard culvert units and the suppliers shall provide the structural 

design details based on the requirements discussed within this section. 

This report, along with the specification outlines the design requirements for each of the 

culverts. 

Table 17 Culvert details 

Culvert location Internal dimensions Length Description 

Northern 

Channel CH300 

1.5 m (H) x 2 m (W)  20 m Provides a channel vehicle crossing for 

developments on adjacent sides of the 

channel.  Allows for a standard 20 m wide 

road corridor including 2 lanes, footpaths 

and berms. 

Northern 

Channel CH700 

1.5 m (H) x 2 m (W)  8 m Provides a one-way entry or exit for the 

Kauri Flats School. Single lane and 

footpath. 

Key features for the culverts include: 

 The culvert has a notionally flat gradient and operates under a hydraulic grade line above 

culvert invert. 

 The design hydraulic grade line is such that the culvert does not result in any noticeable 

increase in flow depth in the channel upstream of each of the culverts. 

 The units will be post-tensioned together to resist differential settlement. 

 The culvert is designed to allow for continuation of the low flow channel beneath the road 

to extend the ecological corridor past this constraint. 

 Sufficient height and width to allow for safe maintenance and inspections (1.5 m high). 

 Flows partially full with low velocity during all storm events for safety. 

 Shallow low flow water depth within the culvert for safety (0.8 m depth). 

 Earth / gravel fill on top of the wing wall structures to continue channel profile up to the 

culvert and allow planting to hide the concrete wing wall structures. 

 Allowance for up to 40% blockage without significant increase in headwater depth. 

o Based on the principles of the Stormwater CoP and a best practicable approach, the 

Stormwater Code of Practice recommends 50% blockage, but given the environment 

and level of risk, 40% has been considered appropriate. 
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10.1.1 Northern Channel Chainage 300 Crossing 

This crossing is shown on Drawing 51-33411-C230. This crossing is proposed as a twin 

1.5 m (H) x 2 m (W) x 20 m (L) concrete box culvert with 45 degree wingwalls.  

 

Figure 15 Northern Channel CH 300 culvert crossing 

10.1.2 Northern Channel Chainage 700 Crossing 

This crossing is shown on Drawing 51-33411-C240. This crossing is proposed as a twin 

1.5 m (H) x 2 m (W) x 8 m (L) concrete box culvert with 45 degree wingwalls.  

 

Figure 16 Northern Channel CH 700 culvert 

10.2 Hydraulic design 

10.2.1 Hydraulic losses 

Losses through the culverts were checked using Bernoulli’s Energy equation and the losses 

were determined to be sufficiently low to not significantly impact the hydraulic grade line of the 

channel.  Calculations are provided in Appendix D and summarised Table 18 below. 

Table 18 Culvert losses 

Culvert Exit loss (m) 

1% AEP 

Friction loss 

(m) 1% AEP 

Entry loss 

(m) 1% 

AEP 

Total loss 

through culvert 

(m) 1% AEP 

Upstream 

water level  1% 

AEP (m RL) 

CH300B 0.067 0.045 0.067 0.179 22.64 

CH700B 0.019 0.003 0.019 0.041 23.00 

10.2.2 Blockage 

A blockage assessment for the culverts was undertaken, where it was assumed that the inlet of 

the culverts were blocked by 0%, 25% and 40% to determine the impact on hydraulic operation 

of the Awakeri Wetlands system. The results are outlined in Table 19 below 
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Table 19 Culvert blockage 

Culvert Upstream water level / (in brackets) = increase in 

headwater depth (m RL) 

Upstream water level from 

culvert calculation (m RL) 

0% blockage 25% blockage 40% blockage 

CH300B 22.64 (0.000) 22.71 (0.070) 23.14 (0.500) 22.64 

CH700B 23.00 (0.000)  23.00 (0.000) 23.00 (0.000) 23.00 

The blockage assessment indicates that the culvert at chainage 300B can tolerate up to 25% 

blockage without any noticeable adverse effects on upstream water levels. At blockages greater 

than 25%, upstream water levels would increase. At 40% blockage the water level upstream of 

the culvert could increase up to 0.5 m. The water level would still be maintained 440 mm below 

the road level. This increase could create a backwater effect up the Awakeri Wetlands with 

water levels approximately 0.1 m below the road level at chainage 700B (the MoE crossing).  

This is considered acceptable as no significant flooding of floor levels is anticipated at this level 

of blockage. 

The blockage assessment indicates that the culvert at Chainage 700B can tolerate up to 40% 

blockage of the inlet area without any adverse effect on upstream water levels. 

Blockage of up to 40% is considered unlikely for culverts of this size based on the likely type of 

debris that may be floating down the corridor during large storm events such as wooden pallets, 

logs, mattresses, containers, shrink-wrap or car bodies.   

10.3 Structural design requirements 

As discussed above, the supplier shall provide a structural design for the culverts. 

The structural design should be in accordance, but not limited to the requirements in drawings 

51-33411-S001-S002 and Table 20 below. 

Table 20 Culvert design requirements 

Feature Note 

Culvert internal dimensions 1.5 m (H) x 2 m (W) twin box culverts 

Design working life 100 years 

Exposure classification XA2 

Minimum concrete cover to reinforcement Minimum 65 mm 

Minimum concrete strength 50 MPa 

Concrete specification Refer to B610 Concrete Construction 

Importance level  2 

Site subsoil class for seismic design D 

Surcharge loads on proposed ground level HN-HO-72 traffic loads 

Longitudinal post-tensioning Longitudinal post-tensioning cables are to be 
provided within the ducts in the corners of the 
culverts as per the Contact Drawings. 

Cross-bolting of twin culvert units Each twin culvert unit shall be bolted to the 
adjacent unit as per the drawings. 
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10.4 Geotechnical design parameters for culverts 

A typical design philosophy for the culverts has been chosen to provide consistency throughout 

the corridor and ease of construction, maintenance and aesthetics. 

Ground support and fill 

GAP65 granular hardfill is proposed for underneath the culverts. Two layers of TX160 Geogrid 

are typically proposed within the GAP 65 layer to create a stiffened raft. This will reduce the 

potential differential settlement of the culvert units. 

GAP65 granular hardfill is also proposed for around the sides of the culverts and above the 

culverts as backfill. 

Geotechnical unit weight parameters 

Given the variable nature of the geotechnical testing results, a range of unit weights have been 

considered for the existing peat soil for each fill scenario; 11 kN/m3 and 13 kN/m3, respectively. 
 

The assumed unit weight parameters for other materials are outlined in Table 21 below. 

Table 21 Material unit weight parameters  

Material Unit weight (kN/m3) 

GAP65 fill 20  

Concrete 25  

Water 10  

10.5 Settlement assessment 

A settlement analysis for the culvert has been undertaken based on a range of soil parameters 

and site conditions to determine the likely risk of settlement issues during construction and long-

term post construction.  

Groundwater level 

Two possible groundwater level assumptions have been considered to provide a long-term 

scenario estimate and a construction scenario estimate:  

Long-term scenario: assumes the weirs in the Awakeri Wetlands are operating effectively and 

the groundwater level is maintained at the weir level. 

Construction scenario: The water level in the culvert is empty and the groundwater is at the 

invert level of the culvert. 

Settlement predictions 

The calculations are provided in Appendix D and summarised in Table 22. 
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Table 22 Predicted settlement 

Scenario Possible range of settlement (mm) 

Culvert CH300B Culvert CH700B 

During construction 80-110 100-125 

Long-term settlement 

Design Scenario 

40-75 70-90 

Long-term settlement 

Worst case 

55-90 75-100 

Based on the settlement assessment discussed above, it is recognised that some ground 

settlement will occur as a result of installing and operating the culvert. This is likely to occur mostly 

in the short term (during construction), where the dewatering and excavation of the existing peat 

soils will cause the most settlement. During the construction stage, the settlement should be 

closely monitored and any difference in the final levels can be made good by increasing the level 

of backfill to reinstate the affected area back up to the design level. 

In the long-term, further minor settlement is also likely to occur. This is not expected to be a 

significant issue as the effect on hydraulics of the channel (if the invert levels drops by 100-

200 mm) is minimal, and there are no services currently proposed above or below the culverts. 

Future services crossing above or below the culvert could include pipes for wastewater, water, 

power ducts, fibre and a road.  These services will need to be designed to tolerate the predicted 

settlement of each of the culverts. 

10.6 Buoyancy assessment 

A buoyancy assessment of the proposed culvert designs has been undertaken to ensure that the 

design will be sufficient to prevent floatation.  

10.6.1 Assessment area 

Buoyancy has been estimated by calculating the weight of water displaced by the culvert (uplift 

force) and the weight of the culvert structure itself (resisting downward force). The factor of safety 

against buoyancy is determined by dividing the resisting force (mass) by the uplift force. The 

culvert assessment area includes: 

 The culvert structure itself. 

 GAP65 between the top of the culvert and the assumed design surface level (cover). 

 Any permanent water in the culvert (see groundwater level scenarios below). 

The geotechnical unit weight parameters for water, concrete and backfill are as presented in Table 

21. 

10.6.2 Water level 

Two possible water level scenarios have been considered to assess buoyancy in different worst 

case scenarios:  

Flooding scenario: groundwater level is at the ground surface level and the water level in the 

culvert is at the permanent water level (800 mm above the culvert invert, as set by the downstream 

weir).  Any water depth above ground surface level (during floods) does not create any greater 

buoyancy risk as the weight of the water cancels out the buoyancy force. 
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Poor operation scenario: groundwater level is at the top of the culvert and the culvert is empty 

i.e. the permanent water level in the culvert is at the invert level. This case assumes the 

downstream weir is ineffective at maintaining a permanent water level within the culvert.  This is 

unlikely to occur during wet weather / flood events, therefore the backfill above the culvert has 

been considered dry / above the groundwater level for this scenario. 

10.6.3 Applied factors of safety 

Construction soils can be variable and it is good practice to apply a factor of safety (FoS) to 

decrease the downward force of backfill. Generally, if the weight of the structure is the primary 

force resisting flotation, then a FoS of 1.0 is adequate. If friction or cohesion of the backfill are the 

primary forces resisting floatation, then it would be appropriate apply a safety factor to account 

for the variability of the soil properties. Therefore, the following factors of safety have been applied 

for the following scenarios: 

Flooding scenario: FoS of 1.0. The backfill above the culvert is saturated so the resisting force 

is largely provided by the culvert structure rather than the backfill.  Friction and cohesion of the 

soil has been ignored and only the self-weight of the backfill has been considered. Therefore, the 

backfill does not need an additional factor of safety. 

Poor operation scenario: FoS of 0.9. The dry backfill above the culvert exerts a significant 

downward force compared with the weight of the concrete culvert. Given the variability of the soil, 

it is appropriate to multiply the backfill downward force by a factor of safety, which essentially 

gives a more conservative estimate of the total downward force. 

10.6.4 Buoyancy predictions 

Buoyancy along the length of the culvert has been calculated at 2 m intervals. The units have 

been considered as individual unconnected units, which is the conservative scenario given that 

they are expected to be tensioned together. In all cases, the culvert structure (including backfill) 

is sufficiently weighted to prevent floatation. The buoyancy factor of safety predicted for the 

different water level scenarios is presented in Table 23 below:  

Table 23 Predicted buoyancy factor of safety  

Design scenarios Buoyancy Factor of Safety  

Culvert CH300B Culvert CH700B 

Flooding – groundwater is at ground level and the water 

level in the culvert is at the permanent water level. 

1.8-2.2 1.4-1.5 

Poor operation – groundwater level is at the top of the 

culvert and the culvert is empty. 

1.4-1.9 1.2-1.4 

An additional ‘worst case’ scenario has been considered as a sensitivity check which assumes 

groundwater is at the ground level and the culvert is empty.  This provides a minimum FoS greater 

than 1.0 which is considered acceptable, hence the floatation risk for this culvert is low.  This 

scenario could be possible during construction when the water in the channel is being pumped. 

This assessment is conservative as friction and cohesion of the surrounding soils is ignored.  

Refer to Appendix D for the buoyancy assessment. 
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11. Paths 
Stage 1 of the Awakeri Wetlands includes approximately 1,300 m of shared path within the 

works area. Paths within the Stage 1 works area will be constructed as part of this stage and 

are discussed in the sections below. 

11.1 Path alignment and levels 

The alignment and levels of the paths were designed and provided by Auckland Council.  The 

alignment and levels were incorporated into the contour design of the Awakeri Wetlands by 

GHD.  Slight adjustments were made where required and these have been confirmed by 

Auckland Council.  

The resulting path alignments are available on drawings 51-33411-C111-C117 and long 

sections on drawings 51-33411-C151-C161. 

Details of the paths are shown on drawing 51-33411-C217. 

11.2 Path details 

11.2.1 Typical section 

The width of the paths is typically 2.5 m of formalised / paved area, within a 4 m wide corridor 

that slopes at 4% towards the low flow channel to provide natural drainage to the channel. 

The paths generally consist of 100 mm thick concrete, with a 100 mm thick layer of Geoweb 

filled with 20/7 drainage metal underlying the concrete slab.  This detail allows groundwater 

which is expected to seep out of the upstream slope to pass beneath the concrete footpath. 

This will minimise staining of the paths and minimise build up of slime and debris on the paths. 

11.2.2 Drainage 

The paths are generally cut into the slope batters of the channel, and therefore will potentially 

have surface water and/or groundwater flowing towards them from the channel batters. The flow 

rate is generally expected to be low. A 750 mm wide shallow drainage channel is proposed 

along the upstream side of the footpath to capture surface water from small rainfall events and 

any groundwater that seeps out of the upstream slope. This will minimise staining and slippage 

as discussed above. 

The drainage channel will comprise of river stones / pebbles restrained in Geoweb cells, which 

connect with the drainage metal beneath the footpath. This allows water to be collected in the 

drainage channel on the upstream side of the footpath where it can soak through the drainage 

metal and the perforated Geoweb cells as well as soaking into the ground. 

11.2.3 Foundation support for the paths 

As discussed above, a 100 mm thick layer of Geoweb filled with 20/7 drainage metal will 

underlie the concrete footpath. While 20/7 drainage metal is not typically relied on for its 

strength, the confinement provided by the Geoweb cells will provide suitable strength for 

supporting the footpath.  A similar detail is used in the design of permeable pavements where 

storage of water within pavement base-course is required. 

11.2.4 Concrete reinforcement 

As discussed above, the footpaths will be 100 mm thick, 20 MPa concrete using sulphate 

resisting cement (SR type). There is high risk of cracking to the footpaths due to the soft ground 



 

GHD | Report for Auckland Council - Awakeri Wetlands - Stage 1A, 51/33411/ | 57 

and potential settlement and movement of the ground underneath. To mitigate this risk, the 

concrete is proposed to have macro-synthetic fibre reinforcement. 

Synthetic fibre reinforcement, unlike steel, is resistant to low pH / acidic conditions, which is 

present in the groundwater and soils of the site.  Using fibre reinforcing is also expected to 

provide reduced construction timeframes compared to standard steel mesh reinforcing. 

Therefore, providing an overall saving in cost, time and risk. 

The proposed application of macro-synthetic reinforcement is proposed as 3.0 kg/m3 of 

concrete, but this will depend on the product of fibre reinforcement that the Contractor selects, 

and therefore is subject to the manufacturers requirements.  The 3.0 kg/m3 is based on Figure 

17 below. 

 

Figure 17 Fibre reinforcement dosage (http://fbsltd.co.nz) 

11.2.5 Control joints 

Control joints will be required as per Auckland Transports Code of Practice. It is expected that 

these will be formed through a hit and miss pouring methodology of the footpath, but could be 

achieved in other ways such as saw cutting. The contractor will confirm the proposed 

methodology. 

11.2.6 Surfacing 

Two different paving types are proposed as per the Landscape Plan: 

1. Stevensons ‘Riviera’ exposed aggregate concrete with Peter Fell 468 oxide added to the 

mix. 

2. Stevensons ‘Harvest’ exposed aggregate concrete with 5% black oxide added to the mix. 

These paving types have been provided by Auckland Council and the locations for use are 

specified in the Takanini Cascades General Arrangement Plans – Hardworks, drawings L8102 – 

L8117 (Auckland Council, 2017). 

An F5E exposed aggregate surfacing is proposed for the finishing of these pavement types. 

This is in line with the curatorial framework considerations that were put together by the 

Auckland Council landscape designer, and Iwi representatives.  The curatorial framework 

requests that the footpaths acknowledge the ‘red earth’ definition of the name Papakura. 

Stevensons ‘Riviera’ aggregate gives a ‘red earth’ appearance as shown in Figure 18 below. 



 

GHD | Report for Auckland Council - Awakeri Wetlands - Stage 1A, 51/33411/ | 58 

 

Figure 18 Stevensons Riviera exposed aggregate concrete 

This style of surfacing has the following benefits: 

 Aligns with curatorial framework. 

 The footpath will be subject to channel flow and therefore is at risk of staining, the 

expected staining colour would be orange / brown, and hence would be less noticeable 

with this finishing. 

 Given that the area is wet and is subject to flood flows, there is a risk of the pavement 

becoming slippery. An exposed aggregate finishing will help to mitigate this by providing 

grip, however maintenance / cleaning of the footpath will be the primary mitigation for this 

risk. 

 Suitable for walking and cycling. 

11.3 Taupo ash layer 

Ash layers are present throughout the soil in Takanini. The level of the Taupo ash layer is 

proposed to be marked where possible, however this has not yet been incorporated into the 

design.  This requirement should be considered by the Contractor to determine what the most 

effective way of marking this within the works. This should be agreed with Auckland Council and 

the Engineer. 
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12. Boardwalks  
Stage 1 of the Awakeri Wetlands includes approximately 290 m of boardwalks within the works 

area. Boardwalks within the Stage 1 works area will be constructed as part of this stage and are 

discussed in the sections below. 

12.1 Boardwalk alignment 

The alignment of boardwalks were designed and provided by Auckland Council.  The 

alignments were incorporated into the contour design of the Awakeri Wetlands by GHD.  Slight 

adjustments were made where required which were checked by Auckland Council.  

The resulting boardwalk alignments are available on drawings 51-33411-C261-C264. 

Details of the boardwalks are shown drawings 51-33411-C265-C266. 

12.2 Boardwalk details 

12.2.1 Curatorial framework 

A curatorial framework has been provided by Auckland Council which collates the aspiration of 

Mana Whenua, the AC Landscaping Team and other stakeholders. 

Key points for the boardwalks are: 

 Boardwalk construction to have environmental sensitivity design and prioritise a ‘light 

touch’ on the landscape. 

 The timber boardwalk decking will acknowledge the ‘red earth’ meaning of the name 

Papakura.  

 Timber used is to be environmentally sensitive. Local or native timber is to be prioritised.  

12.2.2 Typical section 

The boardwalks are typically 2.23 m wide between the kerbs, but with a total width of the 

decking of 2.7 m. The structure consists of timber kerbs, timber decking, timber joists, timber 

bearers and timber posts which attach to a concrete footing to spread the load of the boardwalk 

onto the soft peat ground below. 

12.2.3 Decking 

The decking typically consists of 45 mm x 140 mm timber decking panels with each panel 2.7 m 

long. Hardwood is proposed for the decking that is resistant to low pH and frequent wetting. 

The Hardwood Jarrah is proposed for the decking timber. Native timbers to NZ were considered 

as per the curatorial framework, however none of the native timbers were suitable to achieve 

sufficient durability or the ‘red earth’ look. While not native to New Zealand Jarrah presents the 

following advantages: 

 Very durable. 

 Dark red colour. 

 Resistant to acid / low pH. 

Jarrah is available in 150 x 50 nominal size, which is suitable for the decking timber.  This same 

species is proposed for the kerb and packers underneath the kerbs. 

Figure 19 shows Jarrah being used in a marine setting for a waterfront platform. 
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Figure 19 Jarrah waterfront platform (http://www.fqtimber.com) 

12.2.4 Support structure 

The structure beneath the decking consists of: 

 190 mm x 90 mm joists to support the decking. 

 190 mm x 90 mm bearers to support the joists. 

 The bearers are bolted onto 200 mm SED posts. 

 The posts are connected to a concrete footing below ground. 

The joists, bearers and posts are proposed as treated pine, in accordance with the specification 

and drawings.  The treatment requirements for each component is outlined in Table 24 below. 

Table 24 Timber boardwalk components 

Component Location Material Grade Treatment Species 

Decking Frequently in 

contact with water 

Hardwood F11 H4 Jarrah 

Joists, 

bearers 

In contact with 

water (low pH) 

Sawn timber SG8(wet) / G8 H6 Pinus 

Radiata 

Posts In contact with 

aggressive soils 

and water 

SED posts NZS 3605 H6 Pinus 

Radiata 

12.2.5 Footing 

A 400 mm thick concrete footing is proposed to support the boardwalk and spread loads onto 

the peat soils below.   

The 400 mm thick concrete slab will typically be 3.6 m x 3.0 m for four posts, or 1.8 m x 3.0 m 

slab for two posts at the ends of the boardwalk. 

This footing has been designed to spread the load across a sufficient surface area to 

accommodate the strength of the peat below. 

The concrete footing shall meet the requirements outlined in Table 25 below. 
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Table 25 Boardwalk footing requirements 

Component Specification 

Concrete type Sulphate Resistant (SR type) 

Strength 50 MPa 

Reinforcement 668 steel mesh 

Exposure classification XA-2 

Cover Min 65 mm 

12.2.6 Foundation 

The concrete footing is proposed to be laid a 150 mm thick layer of flowable fill poured directly 

onto the excavated peat surface. 

The Bidim+Geogrid composite material will tie into the foundation to mitigate scour around the 

footings. 
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13. Safety in design 
Safety has been considered throughout the design process.  Each component of the Awakeri 

Wetlands has been designed with safety as a key consideration. 

The following section provides a summary of the safety considerations for the channel design. 

13.1 Low flow channel 

The low flow channel has been designed to discourage entry by the public through dense 

wetland planting on the edges of the water body.  If someone were to enter the low flow 

channel, the key features below have been incorporated into the design to reduce safety risks:  

 Flow velocity very low. 

 Shallow depth maintained by weirs (0.5-1.2 m). 

 2:1 side slopes lined with granular material.  As such, the ability for someone to walk up 

this submerged slope without slipping is enhanced. 

 Wetland bench of varying width provides warning of imposing deep water. The wetland 

bench also acts as a safety bench to assist anyone climbing out of the channel and 

reduces the chance of people falling into the deeper section. 

 Riparian margin and wetland planting creates barrier to entry. 

13.2 Weirs 

The water level drop between weirs varies from 0.18 m - 0.45 m.  This drop is into 800 mm deep 

water. This is a relatively small drop and a safe falling height, however given that there is water 

either side of the weirs, there is an associated safety risk.  Key safety features and 

considerations for the weirs include: 

 Small drop height between weirs. 

 Wetland bench and planting on both sides of the weirs discourages access to weirs by 

public. 

 Timber capping provides a lip at the weir surface that could be held on to if required, 

likewise with the fish passage structure. 

 Low flow channel safety features on both sides of the weir as described in Section 13.1 

above. 

13.3 Paths 

The paths within the channel provide a key amenity feature for the public. As with any public 

asset, there are some associated risks as outlined below: 

 Falls and trips: The shared paths will be standard surfacing, that would be familiar to 

most users, hence minimising fall and trip hazards. This consideration should form part of 

the operation and maintenance plan to allow frequent maintenance and clearing of the 

paths, as if plant debris, dirt or slime is allowed to build up on the paths, then the risk of 

falls and trips would be increased.  A gravel drainage strip on the upstream side of the 

paths is proposed to minimise groundwater seepage or surface flows from frequently 

flowing across the paths. This will reduce the chance of slime build up and slippery paths.  

 Sight: Generally, sight distances should not be an issue with the alignment of the paths, 

as provided by Auckland Council, given that the proposed planting is generally less than 
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1 m tall grasses and shrubs with some largely amenity trees.  Furthermore the alignment 

of the paths and the nature of the environment is expected to make cyclists ride 

cautiously and be aware of their surroundings, given the natural environment, proximity to 

open water, vertical and horizontal curvature of paths, planting and reduced width of the 

shared path. 

 Proximity to water: The path alignments occasionally run alongside and over open 

water. The wetland bench and planting provides a shallow depth of water and a natural 

barrier to the deeper water which would restrict anyone who veers off the paths from 

falling into the deeper water. 

 Flooding: The paths levels are designed above the 50% AEP water level as per ATCOP.  

Signage is proposed to warn the public of flooding. In these circumstances alternative 

routes are available which bypass flooded areas.  For larger events where the paths are 

flooded, alternative routes will be available to give access throughout the Awakeri 

Wetlands alignment. Furthermore, flow velocities in the channel are low, and therefore 

the safety risks associated with flooding of the paths is considered low. 

13.4 Crime Prevention through Environmental Design (CPTED) 

The urban and landscape designer has carried out a CPTED analysis as part of a separate 

report for the TSCC. 

13.5 Culverts 

13.5.1 Northern Channel Chainage 300 Crossing 

This culvert is approximately 18 m long and will have a permanent water depth of 0.8 m within 

the 2 m high box culvert as a continuation of the low flow channel. The permanent water body 

and the planting at each end of the culvert will discourage interaction with the culvert by the 

public.  

13.5.2 Northern Channel Chainage 700 Crossing 

This culvert is approximately 10 m long and will have a permanent water depth of 0.5 m within 

the 2 m high box culvert as a continuation of the low flow channel. The permanent water body 

and the planting at each end of the culvert will discourage interaction with the culvert by the 

public.  

13.5.3 Safety in design features 

Key safety in design features and considerations for the culverts are: 

 Entry into the culvert is discouraged by planting in the channel at each end and a 

permanent water level that is continuous between the channel and the culvert. 

 Low velocity and low turbulence during low flow conditions. 

 Shallow depth of water within the culvert. 

 Fencing mitigates falls from the top of the headwalls.  Planting behind the headwalls and 

fencing reduces the risk of anyone accessing the top of the headwall and being in a 

position where falling is possible. 

 No inlet or outlet grills to eliminate risk of people getting stuck against them. 
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14. Project risks 
A number of risks have been identified in the design of the Awakeri Wetlands. These risks sit 

within the design, construction and operation phases of the project and are outlined in Table 26 

below with the proposed management strategies for each risk. 

Table 26 has been provided at the end of the design phase and addresses identified design 

risks and anticipated construction risks. It is expected that these would be incorporated into a 

risk register and updated as new risks are identified. At the completion of the construction phase 

it is expected that the risk register will be managed by Auckland Council as asset owner. 

Table 26 Project risks 

Risk Description Management 

Design risks 

Flooding Flooding risks are possible 

if the channel is planted 

with excessive planting 

which could reduce the 

capacity of the channel. 

Low height shrubs and native grasses than 

can lay flat during storm events are proposed 

for the channel planting. Landscaping designer 

has been made aware of these constraints. 

Service 

crossings 

Channel could create a 

barrier to services in the 

area. 

A typical detail has been provided to allow 

services to cross at the weir locations 

(upstream of the weirs at the channel invert 

level).  Auckland Council should guide 

developers to implement this detail where 

required. 

Stormwater 

connections 

to channel 

Poor choice of stormwater 

connection locations can 

have an adverse effect on 

the channel visually and/or 

in terms of erosion. 

The design recommends stormwater 

connections to enter channel immediately 

downstream of the weirs and a typical detail 

has been provided.  Auckland Council should 

guide developers to implement this detail 

where required. 

Settlement of 

weirs 

Settlement of the weirs 

could alter the permanent 

water level in the channel, 

potentially resulting in 

groundwater drawdown 

induced settlement or 

drying out of the wetland 

areas. 

Considered in design of the weirs. Using sheet 

piles reduces this risk. The top of the sheet 

pile can be retrofitted to readjust the top level if 

future settlement is encountered. 

Scour and 

erosion 

Risk of undercutting 

structures or de-stabilising 

channel banks and channel 

invert due to scour and 

erosion. 

Managed through implementing protection 

measures in critical areas and recommending 

monitoring and maintenance to promptly 

address problem areas. 

Culvert 

blockages 

There is a risk of culvert 

blockages and potential 

upstream flooding as a 

result. 

Managed through design of the culverts as 

discussed in Section 10. Culverts are typically 

outlet controlled up until 40% blockage, which 

is considered an unlikely scenario for this size 

of the culverts and considering the culverts 

typically have two barrels. 

Culvert 

settlement 

Risk of culvert settlement 

and damage to services.  

Managed through design of culverts and 

protection of services as discussed in Section 

10. 
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Risk Description Management 

Culvert 

floatation 

Risk of culvert flotation and 

damage to adjacent 

services. 

Managed through design of culverts. Suitable 

factor of safety has been achieved. 

Construction risks 

Soft ground Potential for soft ground. Contractor’s safety plan to include risk of soft 

ground and management options. Contingency 

plan to allow remediation if ground is softer 

than assumed. 

Obstructions Chance of hitting buried 

tree trunks / logs as 

observed in the area. 

Contractor to allow for contingency plan if 

obstructions are encountered. Designer has 

considered this risk and have contingency 

measures to manage this this outcome. 

Flooding Risk of heavy rainfall event 

during construction and 

excavation flooding 

Contractor to include a contingency plan in 

their construction management plan on how to 

address risk of flooding during excavation. 

Erosion and Sediment Control plan includes a 

bund around the excavation to mitigate this. 

Access Construction access issues Contractor to liaise with Auckland Council 

regarding access, to understand the access 

constraints and include in their methodology 

how these will be considered.  

Operation risks 

Safety A number of safety risks 

exist within the Awakeri 

Wetlands corridor – open 

water, trips and fall 

hazards. 

Mitigated through design as per Section 13 

and proposed corridor maintenance as part of 

the O&M. 

Flooding Flooding risks are possible 

if the channel planting is 

not maintained; as 

overgrown vegetation can 

reduce the capacity of the 

channel. 

Include regular maintenance of plants within 

the Operation and Maintenance Plan. 

Culvert 

blockage 

Risk of culverts blocking. The culverts should be inspected and 

maintained in accordance with Auckland 

Council’s Operation and Maintenance 

schedule to remove any small blockages or 

material deposited within the culvert that could 

accumulate and increase the blockage 

potential compared to the design assumptions. 

Channel 

scour and 

erosion 

There is a risk of scour and 

erosion in the channel, 

undercutting of structures 

and instability of slopes. 

Managed through a risk based approach and 

monitoring as discussed in Section 6. 

Long term 

settlement 

Effect of settlement upon 

structures, adjacent land, 

property and buildings. 

Risk of settlement post construction due to 

groundwater dewatering has been considered 

as part of the Awakeri Wetlands Northern 

Extension resource consent application. This 

considers long-term groundwater dewatering 

as part of the overall scheme.  Monitoring and 

mitigation if required will be carried out in 

accordance with the GSMCP. 
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Risk Description Management 

Water 

balance 

Risk of no flow through fish 

passage and water level 

dropping during extended 

dry periods. 

On-going monitoring of water levels, especially 

during dry periods.  

Make up water can be designed to recharge 

the system if required. 
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15. Conclusion and monitoring  
The proposed Stage 1 Awakeri Wetlands will extend from 181 Walters Road in the north to 91 

Grove Road in the south (Northern channel), and includes part of the main channel between 

Cosgrave Road and Grove Road.  

In general the conveyance channel will provide stormwater servicing for future development of 

Areas 2A, 2B and part of Area 4 (2B4) of the Takanini Structure Plan and the Mill Road Block 

area.  At present the area is significantly impacted by the 1% AEP (Annual Exceedance 

Probability) floodplain, restricting development of the area.  The Awakeri Wetlands will reduce 

the extent of the floodplain within the Awakeri Wetlands catchment to facilitate development of 

the land. 

Development of the Awakeri Wetlands catchment area will increase peak flows from the 

catchment.  The proposed Awakeri Wetlands will direct the increased flows up to the 1% AEP 

event to the discharge location at the proposed Grove Road Box Culvert.   

Stage 1 of the Awakeri Wetlands will consist of: 

 1.2 km of open waterway. 

 Depth of 1.9 m to 4.0 m below ground level. 

 Notional overall gradient of the channel invert of approximately 0.2%. 

 Overall total width (of the 1% AEP level) ranging from 13 m to 39 m.  

 1.3 km of footpath. 

 290 m of boardwalk. 

The channel is designed with a meandering low flow series of discrete water bodies or wetlands 

with a permanent water depth of about 0.2-1.2 m controlled by sheet pile weirs at notional 

100 m centres longitudinally along the base of the channel. These provide an ecological benefit 

and limit the ground water drawdown. Generally the low flow channel will have a of 3-6 m wide 

base with slope batters 2H:1V, with an intermediate wetland bench and upper 4H:1V riparian 

planted slopes. 

There are two existing future crossings included: 

 Twin 3 m x 2 m box culverts on the Northern Channel at Chainage 300. 

 Twin 2 m x 1.5 m box culverts on the Northern Channel at Chainage 700. 

The proposed Awakeri Wetlands will provide an effective drainage solution for the Awakeri 

Wetlands catchment. 
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15.1 Monitoring 

The following recommendations are proposed. 

Table 27 outlines the monitoring recommendations for the Awakeri Wetlands. 

Table 27 Monitoring recommendations 

Monitoring Details Frequency 

Scour and 

erosion 

Monitoring of the channel banks during construction 

to determine areas of fibrous peat or particularly 

soft areas within the 10% AEP extent.  Scour 

protection as per the typical details on drawing 51-

33411-C216 should be installed in these areas 

during construction.   

On-going during 

construction. 

Monitoring of the channel banks post-construction, 

particularly around the edges of the low flow 

channel should be carried out to determine whether 

any areas are degrading over time. If scour is 

observed, then these areas should be remediated 

with the typical details on drawing 51-33411-C216.  

Budget should be allowed for retrofitting some 

areas of the channel. 

6 monthly following 

construction of the 

channel for 5 years  

and after storm 

events, then on-

going as part of the 

standard channel 

maintenance as per 

the O&M Manual. 

Water level 

monitoring 

Monitoring of the low flow water level in the 

channel. The water level in the channel should be 

maintained at the weir level to provide a healthy 

environment for wetland plants, aquatic life and to 

control groundwater levels. 

On-going as part of 

the standard channel 

maintenance as per 

the O&M Manual. 

Water 

chemistry 

The water chemistry of the channel should be 

monitored as per the Acid Sulphate Soils (ASS) 

Management Plan. 

As per the ASS 

management plan. 

Groundwater 

and settlement 

Groundwater and settlement monitoring should be 

carried out in accordance with the GSMCP before, 

during and after construction. 

As per the GSMCP. 

 

  



 

GHD | Report for Auckland Council - Awakeri Wetlands - Stage 1A, 51/33411/ | 69 

16. References 
Auckland Council. (2014). Plan amendment 48 - Takanini stormwater conveyance corridor. In 

Auckland Council District Plan Operative Papakura Section 1999. Auckland. 
Auckland Council. (2015). Auckland Council Code of Practice for Land Development and Subdivision: 

Chapter 4 - Stormwater. Auckland: Auckland Council. 

Auckland Council. (2017). Takanini Cascades Outline Plan of Works - Landscape Report. Auckland: 
Auckland Council. 

Auckland Regional Council. (1999). Guidelines for stormwater run-off modelling in the Auckland 
Region. Technical Publication TP108. Auckland. 

Auckland Regional Council. (2003). Stormwater treatment devices: Design guidelines manual. 
Technical Publication TP10. Auckland. 

Auckland Transport. (2017, September). Auckland Transport Code of Practice (ATCOP). Retrieved 
from Auckland Transport: https://at.govt.nz/about-us/auckland-transport-code-of-practice/ 

Christchurch City Council. (2003, February). Waterways, Wetlands and Drainage Guide. 

Concrete Pipe Association of Australasia. (1997). Hydraulics of Precast Concrete Conduits - Pipes 
and box culverts - Hydraulic Design Manual - New Zealand Edition. Concrete Pipe Association 
of Australasia. 

Department of Energy and Water Supply. (2013). Queensland Urban Drainage Manual (Third ed.). 
Queensland: Department of Energy and Water Supply. 

GHD. (2014). Takanini Stormwater Conveyance Channel Infrastructure Report. Auckland: GHD. 

GHD. (2014). Urban and Landscape Design Analysis Report. Auckland: Auckland Council. 

GHD. (2016a). Technical Report A - Takanini Stormwater Conveyance Channel - Stormwater Report. 
Auckland. 

GHD. (2016c). Technical Report C - Takanini Stormwater Conveyance Channel - Geotechnical 
Investigation Report. Auckland. 

GHD. (2016d). Technical Report D - Takanini Stormwater Conveyance Channel - Hydrogeology 
Assessment of Effects. Auckland. 

GHD. (2016e). Technical Report E - Takanini Stormwater Conveyance Channel - Assessment of 
Geotechnical and Ground Settlement Effects. Auckland. 

GHD. (2017). Takanini Stormwater Conveyance Channel Stage 1 Groundwater and Settlement 
Monitoring and Contingency Plan. Auckland: GHD. 

GHD. (2017n). Takanini Stormwater Conveyance Channel Acid Sulphate Soils Management Plan. 
Auckland. 

New Zealand Climate Change Office. (2008). Preparing for Climate Change: A guide for location 
government in New Zealand. Wellington: Ministry for the Environment. 

PDC. (2004). Old Wairoa Road Stormwater Catchment Management Plan. Auckland: Papakura 
District Council. 

PDC. (2007). Central Papakura Area Integrated Catchment Management Plan Draft. Auckland: 
Papakura District Council. 

SNZ. (2004). Tracks and Outdoor Visitor Structures. SNZ HB 8630:2004. Wellington: Standards New 
Zealand. 

Tuukkanen, T., H. Marttila, and B. Klove. (2014). Effect of soil properties on peat erosion and 
suspended sediment delivery in drained peatlands. Water Resources Research, 50(4). 

 

 



 

GHD | Report for Auckland Council - Awakeri Wetlands - Stage 1A, 51/33411/ 

Appendices 

 

  



 

GHD | Report for Auckland Council - Awakeri Wetlands - Stage 1A, 51/33411/ | 71 

Appendix A - (MIKE11 Model) 
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1% AEP – Northern Branch and Extension 
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10% AEP – Northern Branch and Extension 
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50% AEP – Northern Branch and Extension 
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Appendix B - (HEC-HMS Model) 
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HEC-HMS – Model Alignment 
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HEC-HMS results – 1% AEP event 
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APPENDIX 12 – Auckland Council 2019 McLennan Wetland Spillway Assessment 
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Official Height Standard Change 

 

From 1 July 2024, Auckland Council adopts the official height standard for New Zealand 

called New Zealand Vertical Datum 2016 (NZVD2016).  

 

This model was carried out prior to the height standard change. 

All levels included in this modelling report are in Auckland Vertical Datum 1946 

(AUK1946/AVD1946). 

 

Levels in this report can be transformed from Auckland Vertical Datum 1946 into New 

Zealand Vertical Datum 2016 by applying an offset value of 0.282 m. 

 

For example: 

HNZVD2016 = HAVD1946 – Offset Value 

 

A single offset value for the catchment has been taken from the Land Information New 

Zealand (LINZ) Auckland 1946 to NZVD2016 Conversion Raster therefore this offset should 

be taken as an approximation only for the catchment.  

 

A more accurate height transformation value can be derived by downloading the conversion 

raster available on the LINZ website below: 

https://data.linz.govt.nz/layer/103953-auckland-1946-to-nzvd2016-conversion-raster/ 

https://data.linz.govt.nz/layer/103953-auckland-1946-to-nzvd2016-conversion-raster/


Tonkin & Taylor Ltd
McLennan wetland spillway options modelling
Auckland Council

June 2021
Job No: 1012030.1040

 REPORT

McLennan wetland spillway
options modelling

Prepared for
Auckland Council
Prepared by
Tonkin & Taylor Ltd
Date
June 2021
Job Number
1012030.1040



Document Control

Title:   McLennan wetland spillway options modelling

Date Version Description Prepared by: Reviewed by: Authorised
by:

03.06.2021 1 DRAFT report JMOR SGB -

29.06.2021 2 Final report JMOR SGB TSRF

Distribution:

Auckland Council 1 electronic copy

Tonkin & Taylor Ltd (FILE) 1 electronic copy



Tonkin & Taylor Ltd
McLennan wetland spillway options modelling
Auckland Council

June 2021
Job No: 1012030.1040

Table of contents

1 Introduction and background 1
1.1 Study objectives and scope 1
1.2 Background 1

1.2.1 Catchment 1
1.2.2 McLennan wetland 1

2 Methodology 3
2.1 Flood model 3

2.1.1 Boundary conditions 3
2.1.2 Flood model assumptions and limitations 4

2.2 Scenarios modelled 7
2.2.1 Baseline and sensitivity 7
2.2.2 Options 8

3 Results 8
4 Conclusions and recommendations 10
5 Applicability 12

Appendix A : Catchment background
Appendix B : Flood Model Review
Appendix C : Flood extent figures



1

Tonkin & Taylor Ltd
McLennan wetland spillway options modelling
Auckland Council

June 2021
Job No: 1012030.1040

1 Introduction and background
Tonkin & Taylor Ltd (T+T) was engaged by Auckland Council to identify an optimum spillway level at
McLennan wetland, to enable the Artillery Drive Stormwater Tunnel (ADST) to perform as per
design. The McLennan wetland spillway in this study refers to the above ground spillway from the
upper to the lower wetland. The McLennan wetland sub-catchment is located within the Pahurehure
inlet stormwater administrative catchment.

The ADST was built in 2017 to facilitate growth in the catchment upstream of McLennan wetland
without increased flood risk to downstream properties. One of the design objectives of the ADST
was to prevent the spillway from the upper McLennan wetland storage area being activated in a 1%
Annual Exceedance Probability (AEP) rainfall event, including allowance for climate change (CC) and
Maximum Probable Development (MPD)1. The ADST was designed assuming a wetland spillway level
of 15.4 m RL, but the current crest level of the spillway is 15.1 to 15.2 m RL2.

All levels reported (RL) in this study are in terms of Auckland Vertical Datum 1946.

1.1 Study objectives and scope

The objective of this study is to inform the required upper McLennan wetland spillway height and
the resulting flood effects from any raising of the spillway.

The scope of this study was as follows:

· Build a flood model of the McLennan wetland sub-catchment, to an appropriate level of detail
to meet the study objective. Representing an MPD scenario in the catchment, incorporating
best available data on constructed and planned upstream works (conveyance structures and
future land use).

· Assess the MPD baseline scenario at the McLennan wetland including sensitivity analysis on
two hydraulic parameters.

· Determine an appropriate upper McLennan wetland spillway height including assessment of
flood effects associated with raising the spillway.

1.2 Background

1.2.1 Catchment
A catchment map is presented in Figure Appendix A.1. The catchment upstream of Grove Road is
zoned ‘Residential – mixed housing suburban zone’, ‘Future Urban Zone’ and ‘Residential – Single
House Zone’3. To facilitate the anticipated growth in these areas numerous stormwater
infrastructure projects have been completed or are being designed including the Awakeri wetland
conveyance channels, The Grove Road Culvert, and the ADST and associated works at McLennan
wetland.
The catchment topography is very flat, particularly upstream of McLennan wetland and therefore
raising of the spillway at the wetland has potential to incur backwater flood effects.

1.2.2 McLennan wetland
Figure 1.1 shows the layout of McLennan wetland and the key hydraulic structures. Flows are
discharged to the wetland through numerous stormwater pipes, the largest being the Grove Road

1 Artillery Drive Stormwater Tunnel, Detail design report for client review. Jacobs. 14 November 2014.
2 McLennan Dam Survey crest levels “topo160517_nztm.shp”, Provided by Auckland Council.
3 Auckland Unitary Plan Operative in part (15 November 2016) Update 9 April 2021 planning maps viewer.
https://unitaryplanmaps.aucklandcouncil.govt.nz/upviewer/

https://unitaryplanmaps.aucklandcouncil.govt.nz/upviewer/
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culvert which discharges flows from the Awakeri wetland conveyance channels in the upstream
catchment.
The upper McLennan wetland is connected to the lower wetland by a 1350 mm diameter pipe. It is
understood from discussion with Auckland Council that the existing 950 mm orifice at this pipe will
be further throttled to a 200 mm orifice, with the permanent water level in the pond being
maintained at 11.30 m RL.
Flood flows are attenuated within the upper wetland and drained by the ADST which has two inlet
structures4:
· A low-flow 1050 mm diameter scruffy dome at 11.7 m RL. Connected to the ADST with a 450

mm diameter 3.5 m length pipe.
· A bellmouth weir scruffy dome at 12.7 m RL into the 2500 mm diameter tunnel.

At 14.2 m RL flood flows spill into the adjacent sports field which provides further attenuation
volume to the upper wetland. The spillway conveys any flows exceeding the total storage volume of
the upper wetland and sports field to the lower wetland. The lower wetland is drained by two 900
mm diameter pipes.

Figure 1.1: McLennan wetland key hydraulic structures

1.2.2.1 McLennan spillway and embankment

Figure 1.2 shows the surveyed crest levels5 of the spillway and embankment at McLennan wetland.
The crest levels can be divided into three distinct sections:

4 Artillery Drive Stormwater Tunnel: Operations and Maintenance Manual. Auckland Council Healthy Waters Design Office.
Final Version 1.0. 19/07/2019.
5 McLennan Dam Survey crest levels “topo160517_nztm.shp”, Provided by Auckland Council.
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1 The McLennan wetland spillway: Elevations across the spillway range from 15.07 to 15.39 m
RL and then tie into the high ground at 15.7 m RL to the west of the spillway.

2 Embankment along Artillery Drive: Elevations range from 15.98 to 16.31 m RL.
3 Dip in Embankment / overland flowpath into the wetland at the junction of Artillery Drive and

Maadi Place: Elevations range from 15.68 to 16.28 m RL.

Figure 1.2: McLennan wetland spillway and embankment crest levels

2 Methodology

2.1 Flood model

A flood model of the catchment was built in Mike Flood (Mike Urban, Mike 21, Mike 11)6. Details of
the flood model build, and input data are recorded in the model review documentation in Appendix
B. An ArcGIS map package is also provided with the flood model deliverables which contains the
model schematisation and data record.

The flood model was reviewed by Auckland Council and approved for the purposes of this study
after the initial review comments were addressed.

2.1.1 Boundary conditions

The hydrological inflows to the flood model are derived using the TP108 methodology. All
simulations in this study include Maximum Probable Development (MPD) within the catchment and
climate change (CC) applied to rainfall, as per the Stormwater Code of Practice7. The MPD
impervious coverages were assigned using the latest Auckland Council modelling recommendations8

and the Auckland Unitary Plan Operative in part9.

6 Model built and simulated in DHI software 2017 release.
7 Auckland Council, November 2015. Code of Practice for Land Development and subdivision. Chapter 4 – Stormwater.
8 Land use Zone Imperviousness for Hydraulic Modelling based on the Auckland Unitary Plan Operative in Part (AUP OiP),
Auckland Council Memorandum 04/09/2019.
9 Auckland Unitary Plan Operative in part (15 November 2016) Update 9 April 2021 planning maps viewer.
https://unitaryplanmaps.aucklandcouncil.govt.nz/upviewer/

https://unitaryplanmaps.aucklandcouncil.govt.nz/upviewer/
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A constant downstream boundary of 2.34 m RL has been applied as requested by Auckland Council.
This is the Highest Astronomical Tide (HAT) condition used in the design of the ADST10.

2.1.2 Flood model assumptions and limitations

All model build assumptions are recorded in the review documentation in Appendix B and the ArcGIS
map package. The main assumptions of note are:

· The flood model has been built as per the Auckland Council modelling specification where
applicable, but it is not a detailed catchment model appropriate for floodplain mapping. The
model has been schematised to represent an appropriate flood hydrograph and hydraulic
detail at McLennan wetland to assess local flood effects. Therefore, the model only includes
the primary trunklines of the stormwater network in the upper catchment.

· Hydrological soil groups D and C have been used to derive the pervious area curve numbers in
the catchment. Auckland Council requested these soil groups were applied with regards to the
high soil moisture content and peat.

· Soakage is present within the catchment but has not been included in the flood model
following agreement with Auckland Council. It is understood that soakage in the catchment is
primarily for peat recharge purposes, and it does not provide mitigation in high magnitude
flood events.

· The proposed 200 mm orifice throttle on the 1350 mm diameter pipe connecting the upper
and lower wetland has been included in the model as requested by Auckland Council during
the peer review process.

· Assumptions associated with the representation of the ADST structures, as described in
section 2.1.2.1 below.

· No debris blockage has been included in the upstream catchment stormwater system or the
ADST structures. Debris blockage at the ADST has potential to reduce the efficiency of the
structure and increase water levels in the upper Wetland.

A limitation of the flood model is that the majority of overland flowpaths are modelled using the
2016 LiDAR (unless specified) and these ground levels are subject to change as development in the
catchment occurs. Modification to overland flowpaths in the catchment could impact the timing and
shape of the flood hydrograph at McLennan wetland.

2.1.2.1 Artillery Drive Stormwater Tunnel representation

The ADST and inlet structures have been modelled using a discharge-stage (QH) relationship derived
using spreadsheet calculations. The QH includes allowances for the tailwater condition and hydraulic
losses at the inlets, outlet, pipe bends and roughness. A new QH relationship has been developed
due to the following differences observed between the ADST as-built11 and design drawings:

· The as-built drawings show that a 2500 mm internal diameter tunnel has been installed. The
detailed design report, drawings, and calculations showed a 2470 mm internal diameter. The
as-built tunnel therefore has an increased capacity compared with design.

· The as-built drawings and photos show that a low flow 1050 mm diameter scruffy dome has
been installed at 11.7 m RL instead of the designed low flow slot in the main inlet structure, as
shown in Figure 2.1.

10 Artillery Drive Stormwater Tunnel, Detail design report for client review. Jacobs. 14 November 2014
11 Artillery Drive Stormwater Tunnel: Operations and Maintenance Manual. Auckland Council Healthy Waters Design Office.
Final Version 1.0. 19/07/2019
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· The as-built drawings show that four 250 mm wide raised separator blocks are included on the
bellmouth weir structure at 12.7 m RL (assumed to be for structural reasons). These
separators impact the effective weir length of the structure, as shown in Figure 2.1.

Figure 2.1: ADST inlet structures. Images from Artillery Drive Stormwater Tunnel: Operations and Maintenance
Manual.

Figure 2.2 shows the new QH relationship curve derived, and the QH curve from the previous 2016
assessment of the McLennan wetland12. The previous curve was based on dimensions in the design
drawings.

The updated QH curve includes the low flow scruffy dome at 11.7 m RL and is shown to be more
efficient (conveys more flow) at water levels greater than 13.75 m RL where the capacity of the
tunnel dominates over the weir control at the inlet. The main reason for this improved efficiency is
the increased internal diameter size (2470 to 2500 mm) of the 1.1 km length tunnel. The key stages
of the baseline QH curve are described in Table 2.1

Ideally the hydraulics of the ADST would be verified through computational fluid dynamic (CFD) or
physical modelling as they are complex, but this was not within the scope of this work. Sensitivity
scenarios have been undertaken on the structures, as described in section 2.2.1.

12 Assessment of McLennan Upper Wetland and Artillery Drive Tunnel Design Performance, 2016-09-21, Auckland Council.
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Table 2.1: Key stages of the updated QH curve for the ADST and inlet structures

Water level
/ H (m RL)

Hydraulics / Q

11.3 – 11.7 No flow entering ADST

11.7 – 12.7 Flow entering ADST through low flow scruffy dome only (Weir control up to 11.94, then pipe
control)

12.7 -13.8 Flow enters ADST via Bellmouth weir and low flow scruffy dome (both under Weir control).

The as-built drawings of the ADST show that four 250 mm wide raised separator blocks are
included on the bellmouth weir structure at 12.7 m RL (as shown in Figure 2.1). These
separators reduce the effective weir length of the structure. The separators have been
included at all elevations above 12.7 m RL (where weir control is dominant) in the QH. In
reality the hydraulics become very complex when the water level exceeds the top of the
separators (13.0 m RL) as multiple weir structures of different type, crest level, and
orientation will become active. A sensitivity scenario was set up with the separators
completely removed from the structure (sensitivity scenario 1), as described in section 2.2.1.

13.8 – 13.91 At 13.8 m RL the low flow scruffy dome and connection is fully drowned and becomes
ineffective / negligible.

The bellmouth weir remains under weir control.

13.91 – 15.6 The capacity of the ADST becomes the dominant control. The bellmouth weir is transitioning
from weir to orifice control.

15.6 > The bellmouth weir inlet structure is under full orifice flow conditions. The hydraulic losses
at the inlet are adjusted accordingly to account for orifice flow throttling and an additional
bend loss under orifice conditions.

Figure 2.2: Updated and previous QH curves for ADST and inlet structures.
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2.2 Scenarios modelled

2.2.1 Baseline and sensitivity

Baseline scenarios were modelled for the 10 and 100 year ARI MPD CC events. Sensitivity scenarios
on the ADST and the wetland spillway are described in Table 2.2 below. Sensitivity scenarios 1 and 2
impact the QH curve used to represent the ADST, as shown in Figure 2.3.

Table 2.2: Sensitivity scenarios modelled

Scenario Description

1 Removal of 250 mm separator structures from Bellmouth weir structure:
The as-built drawings show that four 250 mm wide raised separator blocks are included on the
bellmouth weir structure at 12.7 m RL. These separators reduce the effective weir length of the
structure. The hydraulics are complex when the water level exceeds the top of the separators
(13.0 m RL) as multiple weir structures of different type, crest level, and orientation will become
active. In the updated baseline QH curve the separators are included at all elevations above
12.7 m RL (where weir control is dominant). A sensitivity analysis has therefore been completed
on the QH curve where these separator structures are fully removed (full diameter of bellmouth
at 12.7 m RL is used in weir equation) to understand the uncertainty of the complex hydraulics
described above.

2 Manning’s roughness of Artillery tunnel increased from 0.012 to 0.015.
Deterioration of pipe wall roughness values can occur overtime due to slime/grime growth,
barnacles, sedimentation, weathering, and debris accumulation.

3 Weir coefficient on McLennan spillway reduced to 1.28 (20% reduction to 1.6 value used in
baseline).

4 Weir coefficient on McLennan spillway increased to 1.92 (20% increase to 1.6 value used in
baseline).

Figure 2.3: QH curves for ADST: sensitivity scenarios 1 and 2.
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2.2.2 Options

Raised spillway options modelled are described in Table 2.3.

Table 2.3: Option scenarios modelled

Option
scenario

Description

1 All three sections of the spillway and embankment shown in Figure 1.2 raised to a high value
of 25 m RL. This is a ‘modelled elevation’ rather than a proposed spillway height, to establish
the peak water level within the wetland when flow over the spillway and embankment is
restricted.

1b Option scenario 1 described above with sensitivity scenario 2 applied (Manning’s roughness of
Artillery tunnel increased from 0.012 to 0.015).

2 Crest levels raised to 15.68 m RL at the spillway. This is the maximum level the spillway could
be raised to without causing an obstruction or backwater effects to the overland flowpath
into the wetland at the junction of Artillery Drive and Maadi Place (section 3 in Figure 1.2).

2b Option scenario 2 described above with sensitivity scenario 2 applied (Manning’s roughness of
Artillery tunnel increased from 0.012 to 0.015).

3 Results
Results are summarised in Table 3.1. Flood extent figures are shown in Appendix C. Time series of
modelled water levels in the upper McLennan wetland are shown in Figure 3.1 and Figure 3.2.

Baseline results show that 0.48 m3/s overtops the spillway in the 100 year ARI event (no freeboard
to the existing spillway level). The ADST inlet structure and spillway coefficient sensitivity (scenarios
1, 3, and 4) resulted in only minor differences in water level in the upper wetland (≤ 0.01 m).

The performance of the ADST is shown to be sensitive to hydraulic roughness (sensitivity scenario 2)
and this highlights the importance of regular maintenance of this asset to ensure good hydraulic
conditions are retained. Figure Appendix C.3 shows increased flood levels occur in McLennan Park
and on the Artillery Drive road, but no increases in flood level > 0.05 m are observed on private
properties.

The overland flowpath into the wetland at the junction of Artillery Drive and Maadi Place has a peak
flow of 2.1 m³/s and 1.1 m³/s in the 100 and 10 year ARI events respectively. In option scenario 1
this overland flowpath is obstructed by the raised embankment. The obstruction to this flowpath
results in a lower peak water level (compared to baseline) of 15.06 m RL in the upper wetland as
approximately 8,300 m³ volume of flow cannot discharge into the wetland. The obstruction to the
flowpath results in negative flood effects to properties on Artillery Drive and Old Wairoa Road, as
shown in Figure Appendix C.4.

Option scenario 2 shows that raising the spillway to 15.68 m RL does not have a negative flood effect
as the peak water level increase in the wetland is < 0.01 m. With option scenario 2b (includes
increased roughness in the ADST) the peak water level in the wetland of 15.48 is below the 15.68 m
RL. Appendix Figures C.5 to C.7 show that option scenario 2 does not increase flood levels outside of
McLennan Park, even with increased roughness applied to the ADST.
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Table 3.1: Summary of modelled results

Event (ARI MPD CC) 100 year 10
year

Scenario

Ba
se

lin
e Baseline Sensitivity Option Scenario

Ba
se

lin
e

1 2 3 4 1 1b 2 2b

Peak water level in
upper McLennan
wetland
(m RL)

15.17 15.16 15.36 15.17 15.17 15.06 15.36 15.17 15.48 14.36

Freeboard to
current spillway
level (15.07 m RL)

-0.10 -0.09 -0.29 -0.10 -0.10 0.01 -0.29 -0.10 -0.41 0.71

Peak flow Artillery
Drive Stormwater
Tunnel
(m³/s)

26.26 26.26 22.30 26.26 26.26 26.25 22.30 26.26 22.41 26.00

Peak flow over
spillway (m³/s)

0.48 0.32 6.04 0.50 0.50 0.00 0.00 0.00 0.00 0.00

Duration for water
level above existing
spillway level*
(hours:minutes)

0:52 0:47 1:44 0:53 0:52 0:00 1:54 0:53 2:14 0:00

*Duration reported as time water level exceeds 15.07 m RL (lowest crest level of existing spillway). In the option
scenarios, where the water level exceeds 15.07 m RL there is no flow over the spillway as it has been raised.

Figure 3.1: Water level in upper McLennan wetland. Baseline and sensitivity scenarios.
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Figure 3.2: Water level in upper McLennan wetland. Option scenarios.

4 Conclusions and recommendations
A flood model has been built using the latest available survey and design data to represent an
appropriate flood hydrograph and hydraulic detail at McLennan wetland to assess flood effects
associated with potential raising of the spillway.

Results from the study show:

· In the 100 year ARI MPD CC rainfall event the peak water level in the upper wetland is 15.17 m
RL which is 100 mm above the lowest crest level of the existing spillway. Potential
deterioration of the ADST pipe wall overtime means that hydraulic roughness values could
increase this peak level to 15.36 m RL.

· Raising the spillway and embankment above 15.68 m RL has negative flood effects as an
overland flowpath into the wetland at Maadi Place becomes obstructed preventing flood
flows from entering the wetland and causes flooding in areas not flooded previously.

· Raising the spillway and embankment up to a level of 15.68 m RL does not result in increased
flood levels (greater than 0.05 m) outside of McLennan Park, even with an increased
roughness applied to the ADST.

Recommendations from this study are:
· The spillway is raised to a minimum level of 15.48 m RL. The spillway could be raised to a

lower level of 15.17 m RL provided that the existing pipe wall roughness of the ADST is
retained through regular inspection and maintenance. The operations and maintenance
manual for the ADST13 does not currently specify a maintenance plan for this.

· Raising the spillway above 15.68 m RL is not recommended as this will cause backwater effects
and/or obstruction to the flowpath into the wetland at Maadi Place. Alternatively, the

13 Artillery Drive Stormwater Tunnel: Operations and Maintenance Manual. Auckland Council Healthy Waters Design Office.
Final Version 1.0. 19/07/2019.
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overland flowpath could be diverted away from the wetland and managed with upgrade
works to the stormwater network or flowpaths to the east of the wetland. This scenario has
not been assessed.

· The required freeboard and any modifications to the wetland structures should be in
accordance with the latest New Zealand Society on Large Dams (NZSOLD) and other relevant
guidelines.

· This study is a hydraulic / flood assessment only and other potential effects associated with
raising the spillway (structural, aesthetic, public access impacts for example) have not been
considered.

· Computational fluid dynamic (CFD) or physical modelling of the ADST and associated inlet
structures would verify the accuracy of the estimated capacity of the structures. In particular
at the stages where complex hydraulics occur at the bellmouth (spilling over the four
separator blocks in the structure) and when the inlet structure transitions from weir to orifice
control.

· The majority of overland flowpaths in the flood model use 2016 LiDAR (unless otherwise
specified) and these ground levels are subject to change as development in the catchment
occurs. It is recommended that any proposed modification to overland flowpaths in the
catchment are assessed (or implemented into the flood model) to ensure the impact on the
timing and shape of the flood hydrograph at McLennan wetland is realised. Alternatively, a
future terrain model scenario can be developed to represent development ground levels and
any resulting impacts on flood hydrograph timing and shape.
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5 Applicability
This report has been prepared for the exclusive use of our client Auckland Council, with respect to
the particular brief given to us and it may not be relied upon in other contexts or for any other
purpose, or by any person other than our client, without our prior written agreement.

Tonkin & Taylor Ltd

Report prepared by: Report reviewed by:

.......................................................... ...........................….......…...............

James Mogridge Sarah Basheer

Water engineer and modeller Project Manager

Authorised for Tonkin & Taylor Ltd by:

..........................................................

Tim Fisher

Project Director
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p:\1012030\1012030.1040 mclennan wetland spillway\issueddocuments\2021-06-30 final report\1012030.1040-rpt-
mclennan_wetland_spillway_options-2021-06-30.docx
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Figure Appendix A.1: Catchment map MPD
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Appendix B: Flood Model Review

· Auckland council model review documentation



Auckland Council Model Review
Section 1 - Model Metadata

Main Consolidated SW Catchment: Pahurehure Inlet

Council Project Manager Carmel O'Sullivan / Danny Curtis

Other SW Catchment within Model 
Extent: 

-

Other relevant SW Catchment for 
model inputs: 

-

Model Name: McLennan spillway options  - baseline MPD model

Model Horizon ID:
Model Software, AND Version: DHI 2017 (Mike Urban, Mike 21, Mike 11)

Type of Model: Framework Model (FWM)

Model Created By James Mogridge (Tonkin and Taylor)

Is this model an update based on a 
previous model?

No

Is the model built as per the SW 
Modelling Specs?

NO

Model Description: Model has been schematised to represent an appropriate flood hydrograph at McLennan 
Wetland with an appropriate level of detail around the wetland to assess flood effects 
following potential spillway raising options. Refer to the model purpose and objectives 
below.
The model therefore only includes the primary pipe trunklines (generally these are pipes 
greater than or equal to 900mm in diameter), key connectivity pipes and pipes that may 
affect hydraulics at the McLennan wetland.
The model has been built as per the SW modelling specs where appropriate, noting that 
some elements of the spec are not applicable to this model (including all pipes >=300mm, 
maximum sub-catchment size etc.)

The flood model topography, assets and hydrology represent a ‘future base scenario’ MPD, 
incorporating the design of the upstream works (where as-built or design topo is 
known/available) related to conveyance channels (Awakeri wetlands and Kauri Flats 
conveyance channels/wetlands) and future land use as per the Unitary Plan. 

Model Purpose / Objectives: Options models to identify an optimum spillway level to enable the Artillery Tunnel to 
perform as per design. Model to identify resulting flood effects and hydraulics from a 
raised spillway level. 

This project is required to facilitate the continued upstream development of the Takanini 
area in line with the Healthy Waters preferred stormwater management approach. 
Currently the McLennan wetland spillway is set too low to allow for the effective operation 
of the constructed Artillery Drive Tunnel. As a response there is increased flood risk to 
properties downstream of the wetland during a high return period event. 

Limitations specific to this model:
There are areas of development which post-date the 2016 LiDAR topography on the 
floodplain. Where required and agreed these have been rectified with topography created 
through interpolation of the manhole lid levels within the new developments.

Is this model fit for producing 
floodplain for publication?

NO

If answered "NO" for the above 
question, why not?

refer to model and project purpose. Model is not detailed in upper catchment as this is not 
required for purpose of model. 

File directory for model 
deliverables (MUST COMPLETE): 
(All model deliverables are to be 
stored at respective catchment 
folder(s) under "U:\COO\IES 
\StormWaterModels\00 Model 
DELIVERABLES\...")

U:\COO\IES\StormWaterModels\00 Model DELIVERABLES\Manukau Harbour\Pahurehure 
Inlet\McLennan Wetland Model 2021

General Model Info

Model Files and Documentation

Tab 1 - Model Metadata
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Section 1 - Model Metadata

Is model report supplied (must 
have, but can be draft):

NO

Is model extent polygon supplied 
(must have):

YES

Is model schematisation map 
supplied (must have):

YES

Is model data flag file supplied: NO

Are model results supplied: YES

List out all scenarios modelled 
(design storm events, validation 
events, sensitivity analysis runs, 
etc.) 

100yr MPD CC

List relevant input/calculation files 
supplied:

Hydrology spreadsheet
Artillery Tunnel head losses QH calculation spreadsheet

Is WaterRIDE file supplied (only at 
FINAL delivery):

NO

Any DEM modifications? If yes, 
describe in more detail.

The following DEM modifications (to the 2016 LiDAR DEM) are included. The extent of these modifications are 
shown in the model schematisation map package provided.
Awakeri Wetlands stage 1:
As-built survey data 2D surface (Surveyworx 2020)
Awakeri Wetlands stage 2 and 3:
2D surface from Awakeri HEC-RAS model (Awakeri_HECRAS_Rev3)
Grove Road outlet:
2D surface around Grove Road Culvert outlet (McLennan wetland) derived from drawing provided by AC (117177-9-
1-C GROVE ROAD OUTLET AREA ASBUILT PLAN.dwg ).
McLennan wetland - 
2017 survey contours (SW POND SURVEY AC-HWD-PIN_4417)
Kauri Flats channels:
2D surface of channels/wetlands created from topography in drawings provided by AC (117107 - 820-
STG5_Stormwater_Rev G.dwg and 117107-101-1-J Asbuilt Plan - Stormwater.dwg ). 
Artistry lane and Swamp Kauri developments: 
There were significant differences observed at these developments between manhole lid levels and the 2016 
LiDAR (the 2016 LiDAR appears to have been captured during earthworks of the development). A 2D surface has 
been created through interpolation of the manhole lid levels as these are more representative of the developed 
ground level. There are likely to be uncertainties in the overland  flowpaths through these areas and  it is 
recommended that the model is updated with surveyed ground levels/new LiDAR when available.
2d mesh modifications shapefile:
shapefile shows location and elevation of localised modifications to the mesh. These are primarily minor ground 
level changes at culvert inlets/outlets (to match mesh with invert levels) and to remove blockages caused by 
footbridges in the Awakeri Wetlands 2D surface.

Mesh Type Flexible Triangular Mesh

Mesh Size Maximum element areas have been defined as follows:
1m2 around smaller stormwater channels/roadside drains, 2m2 in and around the Awakeri 
wetland channels and McLennan wetlands. 4m2 top 6m2 on floodplain. 10m2 -20m2  in 
areas outside catchment/areas of interest

Soakage representation Soakage is present in catchment but thought not to perform well in winter months 
especially during high magnitude flood events. It agreed during model schematisation 
workshop with AC (15/01/2021) to not be included as effects on flooding likely to be 
minimal. soakage in the catchment is primarily for peat recharge.

Pipe network modelled (e.g. all 
pipes >=300mm, etc.)

primary pipe trunklines (generally these are pipes greater than or equal to 900mm in 
diameter), key connectivity pipes and pipes that may affect hydraulics at the McLennan 
wetland.

Model Metadata

Tab 1 - Model Metadata
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Section 1 - Model Metadata

Artillery Drive Tunnel - The previous Q-H relationship (HAT 2.34) used in the "Assessment 
of McLennan Upper Wetland and Artillery Drive Tunnel Design Performance, AC 2016) has 
been updated. This Q-H relationship was derived using spreadsheet calculations and 
included all hydraulic losses such as the bell-mouth inlet, the outlet and various horizontal 
/vertical bends. The calculations were based on Jacobs design of the structure. A  new QH 
has been developed due to the following considerations….
• The As-built drawings in the Artillery Drive Stormwater Tunnel Operations and 
Maintenance manual show that a 2500 mm internal diameter tunnel has been installed. 
The detailed design report, drawings, and calculations showed a 2470 mm internal 
diameter. The as built tunnel therefore has an increased capacity compared with design.
• The As-built drawings in the Artillery Drive Stormwater Tunnel Operations and 
Maintenance manual (and recent photos of the McLennan wetland) show that a low flow 
1050 mm scruffy dome has been installed at 11.7 mRL instead of a low flow slot in the main 
structure from intended design.
• The As-built drawings in the Artillery Drive Stormwater Tunnel Operations and 
Maintenance manual (and recent photos of the McLennan wetland) show that 4x250mm 
wide raised separator blocks are included on the bellmouth weir structure (assumed to be 
for structural reasons). These separators reduce the effective weir length of the structure 
at 12.7 mRL. The hydraulics are complex when the waterlevel exceeds the top of the 
separators (13.0 mRL) as multiple weirs structures of different type, crest level, and 
orientation will be active. In the baseline QH curve the separators are included at all 
elevations (where weir control is dominant). A sensitivity analysis has therefore been 
completed on the QH curve where these separator structures are fully removed (full 
diameter of bellmouth at 12.7 mRL is used in weir equation) to understand the uncertainty 
of the complex hydraulics described above. 

As a QH relationship has been used, Losses have therefore not been included at the tunnel 
shafts/bends within the model, to avoid double counting the losses (incorporated into the 
Q-H relationship). 

Grove Road Culvert - modelled in Mike11. Energy losses have been modelled as follows:
Inlet -  0.26 (rectangular culvert, flared wingwalls /top edge bevelled /single barrel)
Total bend loss of 0.3 (12 degree bend 0.05 and 60 degree bend 0.25)

M21 Dike structures (weirs/spillways) - M21 Dike structures have been used to define the 
crest level of the McLennan wetland spillway (2017 survey data). The north and south 
spillway crests have a coefficient of 1.6 (grass embankments) and the broad crested rock 
armoured spillway has a coefficient of 1.2.
The weir structure just upstream of the Grove Road Culvert inlet fish ladder has also been 
incorporated as a M21 dike structure with a coefficient of 1.6. The fish ladder weirs and the 
low flow weirs through the Awakeri wetlands are not modelled (other than being within 
the 2d mesh DEM) as they are deemed to have a negligible impact in high magnitude flood 
events.

sensitivity analysis is proposed for the Q-H relationship at artillery drive tunnel (as shown in 
calculation spreadsheet) and the spillway coefficient use

Open channel / stream 
representation description

Open channels are represented in 2D.

MPD representation (Unitary Plan, 
District Plan, etc.)

Unitary Plan. MPD impervious as per modelling recommendations in AC memo (AUP 
Imperviousness for Hydraulic Modelling 2019-09-04)

Climate change allowances 2.1 degree Celsius

Tide Boundary Level (current and 
future)

Artillery Drive Tunnel Design highest astronomical tide level of 2.34mRL. Boundary level 
requested by AC.

Simulation Duration (24hrs, etc.) 24 hours

Simulation Timesteps M21FM timestep of 0.25 (0.05-0.25 solution technique)

Model Run Time (How long did it 
take to run)

The model takes approximately 8 hours to simulate 24 hours on a standard GPU machine

Key structures modelled? Describe 
type and number

Tab 1 - Model Metadata
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Section 2 Review Summary

Model Revision Delivery Date Review Version Review Date Review Completed By, Company

1st version 2021 1st review 1/04/2021 Jahangir Islam, AC
2nd version 23/04/2021 2nd review 30/04/2021 Jahangir Islam, AC

Traffic Light Comments

0
0
0

2 Initial conditions issue at McLennan ponds
0
3 Pipe diameter and invert levels issue
0
3 Artillery Drive Tunnel inlets modelling issue
0
0
3 Box culverts under Battalion Drive missing

0
0

0

0 - No issue found
1 - Minor issue or non-standard approach, but unlikely to significantly impact on objectives of the study 
2 - Some concerns, likely to have an impact on model results
3 - Concerns that may have a significant impact on model results and not meeting the study objectives

A:3 Model Speed and Stability
A:2 Previous Review Comments
A:1 Deliverables

Review Section

D:1 Additional Check Items

B:6 Other Asset Features
B:7 1D Overland Flow Paths
B:8 2D Model Components

C:1 Model Results Check
C:2 Model Validation
D - Additional Checks

Review Summary
Reviewed By (Person/Organisation):
Type of Review (Standard Review or 
Partial Review)
Review Scope Description:

Summarise Key Findings of the Review:

Jahangir Islam, Auckland Council
Partial review on specifics (describe scope below)

Review of model built for development purposes only, i.e. not a catchment wide model

1. Initial conditions at McLennan upper and lower ponds are not appropriate.
2. Some invert levels and pipe diameter are different from the pond survey data.
3. Artillery Drive Tunnel inlets are not modelled according to as-built plans.
4. Box culverts under Battalion Drive need to be included in the model.

2nd Review: All modelling issues are fixed.

A - Overview

B - Detailed Model Review

C - Model Results Review

Document Control

Traffic Light Rating Scores (0 - no issue, 3 - major issue)
Overview of Review Findings

B:1 Model Boundary Conditions
B:2 Model Catchments
B:3 Pipe Networks
B:4 Channel / Stream Networks
B:5 Hydraulic Structures and Control Elements

Tab 2 - Review Summary
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Section 3 Review Details

Instruction Notes:

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
A:1.1 Is tab "Section 1 - Model Metadata" filled in and does it provide 

an accurate summary of the supplied model data. 0

Tab 1 completed. Arcmap MPK of model schematisation provided. The GIS 
layers in this MPK include comments within attribute tables detailing asset 
data sources and any assumptions.

Yes -

A:1.2 Have all agreed deliverables been provided – Reporting, Model 
Database, Survey etc.

0
Options and assessment and reporting programmed for completion after 
review of baseline model.

Yes -

A:1.3 Is the model delivered in the required software version?
0

Model has been built and run with DHI 2017 Yes -

A:1.4 Are all associated model input files supplied in specified format, 
i.e. as part of the icmt file or in folders with appropriate naming 
conversion if using other software. 

0

model files provided Yes -

A:1.5 Are all required modelled scenarios included in the deliverable? 
Does the model database include result files for all the 
scenarios?

0
100 year MPD baseline scenarios provided for initial review. Options 
assessment programmed for completion after review of baseline model.

Yes -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
A:2.1 Confirm that all previous review comments have been 

incorporated or resolved, if any (such as MEDAR 
recommendations, etc.). List any that have not, and comment 
on impact to model usability.

0

No previous review. Notes/agreed actions from model schematisation 
workshop on 15/01/2021 attached with model. This includes instruction from 
AC on soil type to adopt for the catchment pervious areas.

N/A -

A:2.2 Assess model against any other review recommendations 
produced during the model development. If there was no 
formal process for resolving the reviewers comments, then 
each item should be listed below and a comment made as to 
whether or not the issue has been resolved, and if it has 
significant impacts.

0

see comment above N/A -

A:2.3 Identify and document any agreed divergence from spec and 
adopted model build process

0
no divergence from model approach outlined in project scope None -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
A:3.1 Check model simulation period and time steps, including result 

time steps. 0

24 hour simulation. 0.25 second timestep.
Mike urban results - 1 min output interval
Mike 21 2D results - 5 minute output interval

OK -

A:3.2 Comment on run time expected in terms of the catchment size 
and complexity.

0
The model takes approximately 8 hours to simulate 24 hours on a standard 
GPU machine

OK -

A:3.3 Check model validation errors and warning messages.

0

MU warnings include manhole sizes (smaller than connected links), short pipe 
lengths (minimum 10m pipe length applied) and negative pipe grades (see 
B.3.11)

OK -

A:3.4 Assess model stability i.e. identify time step critical locations. 
Any apparent issues in model results caused by model 
instabilities? Is peak impacted by instabilities?

0

some instabilities at pipe 3000059640 (MU) and AWACUL1&2 (M11) but 
these do not affect hydrograph peak.

The Walters Road Culvert (WALCUL) and culvert immediately downstream 
(AWACUL3&4) have not been coupled as numerous stability issues were 
encountered at these locations during the model build despite a range of 
tests (coupling parameters, MU and M11 representation, invert levels). The 
culvert openings are currently modelled in 2D only (topographical opening in 
the mesh). The upstream water level does not reach the soffit level of the 
culverts and these culverts are sufficiently far upstream of McLennan 
wetland to have a minimal impact on results. 

OK -

3 - Concerns that may have a significant impact on model results and not meeting the study objectives

1. About FIGURES   -- Please note figures should be clearly labelled  and included the FIGURES tab and referenced  in the review comments.
2. Traffic Light Rating Scores  (0 - no issue, 3 - major issue)

0 - No issue found
1 - Minor issue or non-standard approach, but unlikely to significantly impact on objectives of the study 
2 - Some concerns, likely to have an impact on model results

A - General Information Review
A:1 - Deliverables

A:2 - Previous Review Comments

A:3 - Model Speed and Stability

Tab 3 - FWM Review Checklist - Page 6 of 17
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Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
A:3.5 Review mass balance (<1%, if more than 1%, find out why & 

whether improvements should be made, discuss with AC if 
mass balance error cannot be reduced)

0

Mass balance calculated at 0.4% OK -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:1.1 Confirm rainfall values and profiles used are appropriate, and 

that modelled values are equivalent to what is included in the 
associated reporting. 0

TP108/SW code of practice rainfall profiles and climate change applied.  24 
hour rainfall depths extracted at McLennan wetland upstream catchment 
centroid (1773870, 5897860) - 10 year ARI 140mm, 100 year ARI 222mm. 

OK -

B:1.2 Assess downstream water levels with reference to coastal 
marine boundary or other software

0

Artillery Drive Tunnel Design highest astronomical tide level of 2.34mRL. 
Boundary level requested by AC.

Note: NIWA MHWS10%ile +1m SLR is 3.13m RL but the Artillery tunnel was 
designed with a HAT tidal condition

OK -

B:1.3 Describe and review any inflow boundary conditions

0

Hydrological inflows modelled in Mike Urban and loaded to pipe network or 
M21 following AC modelling spec approach. 

 In Time of concentration calcs, slopes less than 0.005 (0.5%) have been 
changed to 0.005. to prevent long lag times

OK -

B:1.4 Check how model initial conditions are applied for both 1D and 
2D. The use of model features such as initial condition zone for 
tidal areas and ponds, etc.

2

Initial conditions applied in 2D model at following locations:
elevations below 2.34mRL (downstream boundary water level) - IWL set at 
2.34mRL

McLennan wetland upper wetland - IWL of 11.5mRL - reported permanent 
water level in artillery tunnel detailed design report

McLennan wetland lower wetland - IWL of 8.4mRL - surveyed water level in 
McLennan wetland 2006 as built drawings

The initial conditions used in the model at McLennan 
wetland upper and lower ponds are not appropriate, 
should be based on the normal water level shown in 
the 2017 McLennan Reserve pond survey plans.

The initial conditions at the McLennan 
Wetlands have updated using 2017 survey 
plans.

Model updated.

B:1.5 Check time varying inputs and make sure their start and finish 
time aligns with simulation setting.

0
checked OK -

B:1.6 How is climate change applied? Check rainfall and tide 
boundary

0
TP108/SW code of practice rainfall profiles and climate change applied. no 
climate change applied to downstream boundary

OK -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:2.1 Review modelled catchment extent. Confirm that it follows 

contours, and incorporates or excludes any additional primary 
network which is not consistent with the contours. Any flow 
transfers across catchment boundaries?

0

Glasswalling occurs along the northern boundary of the model. This is as per 
schematisation agreement (assume Bruce pullman park subcatchments flow 
towards the wetland)/administrative catchment of McLennan wetland 
whereby future developments may contour flowpaths to flow towards the 
wetland (despite the 2016 LiDAR suggesting that overland flows currently go 
north - away from the wetland)

OK -

B:2.2 Subcatchment extents and sizes. Comment on methodology 
used for subcatchments delineation – is it appropriate, are 
there any limitations? Comment on subcatchment size. Any 
impact on model usefulness.

0

Subcatchments have been delineated using:
2016 LiDAR
Existing stormwater network
Anticipated future stormwater upgrades (discharge to Awakeri Wetlands), 
Unitary Plan and previous reporting/scheme catchment for Artillery Tunnel.

3 sub-catchments were added following the model schematisation workshop 
(rural1, rural2 and rural3) due to uncertainty in direction of the 2016 lidar 
overland flowpaths. These catchments have been loaded to the 2D model 
grid to ensure any flows that do enter the McLennan catchment from these 
areas are captured.

OK -

B:2.3 Spot check subcatchment loading nodes are assigned properly.
0

Hydrological inflows modelled in Mike Urban and loaded to pipe network or 
M21 following AC modelling spec approach 

OK -

Review Hold Point – if there is any corrective action required as a result of the above – the review is to be halted until the issue is resolved to the satisfaction of the appointed reviewer and Auckland Council

B - Detailed Model Review 
B:1 - Model Boundary Conditions

B:2 - Model Catchments

Tab 3 - FWM Review Checklist - Page 7 of 17
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Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:2.4 Check hydrological method used

0
UHM - SCS dimensionless hydrograph approach, SCS generalised loss method OK -

B:2.5 Identify the curve numbers used in the model. Compare to 
Auckland Council Soil Maps to confirm appropriate use of curve 
number for pervious land use.

0

CN 98 for impervious. Pervious CN values assigned as urban good condition 
grass cover soil types D and C, as per AC instruction relating to the high soil 
moisture content and peat soils. Shapefile provided by AC (see arcmap MPK) 
of where to apply soil group D (CN 80), with soil group C (CN 74) to be applied 
elsewhere.  

A weighted pervious CN has been applied in the subcatchments that 
cover/overlap both the soil group D and C extents

OK -

B:2.6 Check impervious coverage and compare numbers extracted 
from model with reported figures. 
Spot check ED imperviousness using existing impervious layers 
and aerial photographs – include a screen dump of any issues 
identified. 
Review approach for defining MPD.

0

MPD impervious as per modelling recommendations in AC memo (AUP 
Imperviousness for Hydraulic Modelling 2019-09-04). No ED scenario.

OK -

B:2.7 Spot check and document time of concentration for 
catchments, comparing to TP108 graphical calculations. 0

TP108 graphical method used to derive subcatchment TOC/lag times. 
Minimum subcatchment slope of 0.5% applied (e.g. 0.5% used if 
subcatchment slope less than 0.5%) to prevent unrealistically long lag times

OK -

B:2.8 Check initial abstraction (Ia) ranges in existing / future 
scenarios. 0

Initial abstraction of 5mm applied in pervious and 0mm applied in impervious 
areas. Approach agreed during model schematisation workshop 15/01/21

OK -

B:2.9 Check catchment length, slope and Tc are correctly assigned.

3

TP108 graphical method used to derive subcatchment TOC/lag times. 
Minimum subcatchment slope of 0.5% applied (e.g. 0.5% used if 
subcatchment slope less than 0.5%) to prevent unrealistically long lag times

The lag times used in the model are not appropriate. 
Subcatchment lengths should be estimated as the 
furthest upstream point to the loading nodes. The 
channelisation factor should be 0.6 for both 
impervious and pervious areas if subcatchment 
drained by piped network systems and 0.8 if drained 
by engineered grass channels.

Flowpath lengths and slopes have been 
updated to loading node points. A 
channelisation factor of 0.6 has been applied 
to all pervious and impervious catchments as 
agreed at model review meeting. The 
updated lag times have been added to the 
model and new hydrology generated.

Model updated.

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)

B:3.1 Confirm all critical network and structures are included in 
model (trunk network, known flooding points, key structures, 
etc.)

0
all key structures that affect flow/level at McLennan wetland are included Yes -

B:3.2 Check if the model extent is suitable for generating floodplains, 
i.e. does it extend far enough upstream and include all flood 
prone areas.

0
model not for floodplain mapping Model extent is appropriate. -

B:3.3 Check asset naming convention. Can model ID be linked to 
assets in the GIS

0
SAPID's have been used on all assets where available. OK -

B:3.4 Confirm node/manhole data source flagging and if it is 
documented for attributes such as lid level, invert level, shaft 
area, flood type, etc.

0
Lid, invert and diameter source flags have been added to the Mike Urban 
model

OK -

B:3.5 Confirm pipe asset data source flagging and if it is documented 
for attributes like shape, diameter / width/ height, material, 
upstream and downstream inverts, etc.

0

pipe diameter and invert data flags have been added to the Mike Urban 
model

OK -

B:3.6 Spot check data entry of asset inspection/survey records for  5 
locations

3

checked Invert levels of the lower pond outlet pipes and 
some other incoming pipes to the pond do not 
match with the 2017 McLennan Reserve pond 
survey data.

Pipe inverts around the McLennan Wetland 
have been updated using the 2017 survey 
data

Model updated.

B:3.7 Spot check node attributes (diameter, shaft area, invert level 
and lid level) match asset data or are interpolated 
appropriately.

0
checked OK -

B:3 - Pipe Networks
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Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:3.8 Compare node lid levels to LiDAR

0

Artistry lane and Swamp Kauri developments: 
There were significant differences observed at these developments between 
manhole lid levels and the 2016 LiDAR (the 2016 LiDAR appears to have been 
captured during earthworks of the development). A 2D surface has been 
created through interpolation of the manhole lid levels as these are more 
representative of the developed ground level. There are likely to be 
uncertainties in the overland  flowpaths through these areas and  it is 
recommended that the model is updated with surveyed ground levels/new 
LiDAR when available.

OK -

B:3.9 Check cover types are appropriate i.e. sealed, stored, 2D, etc. 

0

Normal manholes: set to 'normal'
Loading nodes: set to 'sealed'
Dummy loading nodes: set to 'normal' (so can spill to M21)
Assumed manholes/connection nodes added at pipe ends (missing asset 
data): set to 'sealed'.
Shafts and bends in Artillery Tunnel and Grove Culvert set to sealed.

OK -

B:3.10 Check pipe attributes (diameter, shape, length, material, invert 
levels) match asset data or are interpolated sensibly

3

checked The diameter of the culvert connecting upper pond 
to lower pond should be 1350mm (not 200mm used 
in the model). The invert levels should also need to 
be updated based on the 2017 McLennan Reserve 
pond survey data.

Following discussion and instruction from AC 
in model review meeting the 1350mm pipe 
has been fitted with a 200mm orifice plate.

Model updated as per 
discussion in model review 
meeting.

B:3.11 Check pipe long section and gradient for steep, zero and 
negative grades.

0

Following pipes have negative grades, these have currently been left as 
negative as inverts are based on AC asset data with no further info available. 

2001050139
2001072375
2001095319
AC invert data shows increase from 6.04 to 6.08 - left as negative grade as no 
further info available.

2001072529
AC invert data shows increase from 6.87 to 6.98 - pipe amalgamated with 
downstream pipe to remove short pipe length and negative grade (improved 
model stability).

2001094097
PIPE635211
Unknown pipe direction - AC data invert levels of 20.05 at southern end and 
20.51 at northern end. left as negative grade as no further info available and 
pipe could be flowing in north to south direction.

2001054451
AC invert data shows increase from 20.95 to 21.07 - left as negative grade as 
no further info available.

2000073244
AC data in nodes and pipes shows negative grade -  pipe amalgamated with 
downstream pipe to remove short pipe length and negative grade (improved 
model stability).

OK -

B:3.12 Check if continuation pipe is matched using soffit levels
0

checks made OK -

B:3.13 Ground cover. Identify pipes that have insufficient cover – less 
than 300mm. 0

 Pipe 3000023255 sits above ground level but this is an outlet from a 
stormwater pond in the upstream catchment. All others have >300mm 
ground cover.

OK -

B:3.14 Identify any network which has decreasing diameters in a down-
stream direction.

0

Pipes downstream of the following nodes are recorded as reducing in 
diameter - these diameters are as per the asset data provided and shown on 
Geomaps: 2001077219, 2001070994, 2001064948, CONNECT1, LATERAL12,  
LATERAL14, CONNECT12

OK -

B:3.15 Check pipe lengths less than 10m, and if any actions required.
0

A minimum pipe length of 10m has been applied for improved model stability OK -

Tab 3 - FWM Review Checklist - Page 9 of 17



Auckland Council Model Review
Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:3.16 Check pipe roughness assumptions appropriate for material 

and condition

0

All pipes and culverts assigned as concrete normal (n 0.013) apart from:
3 existing pipe assets with unknown material type - assumed to be concrete 
normal (n 0.013)
2 pipes material "Brick". Roughness assigned as concrete rough (n 0.015)

at SW_LINE12 a roughness value of 0.011 has been applied due to lining, 
following confirmation with AC. At SW_LINE11 (arched armco pipe) the 
manning's roughness is currently set to concrete. The dimensions and 
roughness of this arched pipe require confirmation with AC. Unlikely to have 
an impact on this assessment but should be incorporated in any future model 
updates.

OK -

B:3.17 Check manhole head losses in the model.

0

Manholes - Km 0.3 mean energy approach
Inlets to pipes and culverts - Total HLC 0.5
Outlets from pipes/culverts - Total HLC 1.0

For connection nodes added (no asset data) Km 0.3 mean energy approach 
has been applied at pipe junctions (3 or more pipes) and 'no cross section 
changes' applied at pipe joins (2 pipes). 

OK -

B:3.18 Check entry and exit losses of pipes and any minor losses 
caused by bends, side connections or joint defects, etc.

0

Standard culvert inlet (0.5) and outlet (1.0) HLC's have been applied apart 
from the Grove Road Culvert. 

The Grove Road culvert energy losses have been modelled as follows:
Inlet -  0.26 (rectangular culvert, flared wingwalls /top edge bevelled /single 
barrel)
Total bend loss of 0.3 (12 degree bend 0.05 and 60 degree bend 0.25)

OK -

B:3.19 Check natural depression areas or dry pond are modelled with 
proper outlet configuration i.e. it drains properly after flooding.

0

Drainage from sports field adjacent to McLennan wetland to be added to 
model (200mm pipe to lower wetland).

Ponding on upstream side of railway near Ingram Street - no obvious outlets 
from this area other than pipe network already modelled. This is also outside 
of study area of interest 

OK Drainage from the sports field adjacent to 
McLennan wetland has been added to 
model. Using 2017 survey data and a 200mm 
pipe to the lower wetland shown in AC_Data.

OK

B:3.20 How is storage compensation applied to any trimmed network.

0

no specific compensation has been applied. The extent of upstream pipe 
networks in currently undeveloped areas is unknown. The low 
flow/permanent water level in the Awakeri wetland channels is not included 
and this compensates the trimmed network storage to an extent.

OK

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:4.1 Are channels modelled appropriately? (in 2D or as 1D river 

reaches)
0

Awakeri wetlands/conveyance channels and Kauri Flats channel topography 
represented in 2D. Roadside drains LiDAR 2016. All open channels are 
modelled with 1m2 resolution (highest resolution used in the 2D mesh) 

OK -

B:4.2 In case of burning surveyed cross-sections in 2D, spot check 
cross-sections from 2D bathymetry compared to the surveyed 
cross-sections.

0
checks made OK -

B:4.3 Spot check modelled cross-sections and banklines with LiDAR

0

Awakeri wetland channels do not tie in with LiDAR at numerous locations 
(due to recent development), but the flow remains in bank in the 100 year 
MPD 

OK -

B:4.4 Is location and spacing between cross sections appropriate? 
(e.g. maximum dx in MIKE11)

0
n/a - no 1D channel model N/A -

B:4.5 Spot check of modelled cross-sections whether it includes low 
flow channel. 0

n/a - no 1D channel model N/A -

B:4.6 Spot check data entry of survey records for 5 locations
0

No surveyed cross sections. 2D surfaces from TIN's/dwg's or existing HEC-RAS 
2D surface.

N/A -

B:4.7 Identify any topography which may cause instabilities – such as 
flat sections. 

0
majority of catchment is of very flat topography including through the culvert 
structures of the Awakeri Wetlands

OK -

B:4.8 Review the use of “channel markers” or “new panels”.
0

n/a - no 1D channel model N/A -

B:4 -  Channel/Stream Networks
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Auckland Council Model Review
Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:4.9 Identify if cross sections are drawn properly:

- check length and extents sufficient to cover flood flows
- any sections which are not perpendicular to the direction of 
flow. 
- are sections straight lines?
Comment on the impact to the conveyance, and to the model 
results.

0

n/a - no 1D channel model N/A -

B:4.10 Check locations where flooding extends from the channel to 
the 2D mesh – comment on merging of 1D/2D representation. 0

n/a - no 1D channel model N/A -

B:4.11 Comment on application of roughness values.

0

a roughness value of n 0.04 has been applied to the Awakeri 
wetlands/channels. This is to account for vegetation, scour protection, logs 
etc within the channels. Bend/losses around structures in the the wetlands is 
accounted for by using 2D modelling approach. 

OK -

B:4.12 Identify any double counting of volumes, in overland flow paths 
basins other cross sections

0
n/a - no 1D channel model or basins N/A -

B:4.13 Check gradient for steep, zero and negative grades.
0

n/a - no 1D channel model N/A -

B:4.14 Confirm no double counting of flood storage volumes, at 
locations such as basins or connection nodes at the ends of 
channels, , etc.

0
n/a - no 1D channel model or basins N/A -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:5.1 Are inlets represented correctly? Do they align with 

surrounding terrain and have correct inlet control/headloss 
parameters?

0

Standard culvert inlet (0.5) and outlet (1.0) HLC's have been applied apart 
from the Grove Road Culvert. 

OK -

B:5.2 Check outlet and/or outfall representations. Do they align with 
surrounding terrain or connect appropriately with downstream 
features?

0
minor changes to the 2D mesh have been made to ensure outlet levels match 
the 2D topography.

OK -

B:5.3 Check representation of culverts. Shape, number of barrows, 
inlet/outlet losses, roughness, gradient, etc.

0

The Grove Road culvert energy losses have been modelled as follows:
Inlet -  0.26 (rectangular culvert, flared wingwalls /top edge bevelled /single 
barrel)
Total bend loss of 0.3 (12 degree bend 0.05 and 60 degree bend 0.25)

OK -

B:5.4 Review bridges representation:
- cross sections
- contraction and expansion losses
- bridge deck, profile and coefficients
- bridge skew
- bridge opening, gradient, inlet and outlet losses
- bridge piers or other obstructions

0

No bridges modelled - footbridges in Awakeri Wetland assumed to have 
minimal impact on flows at McLennan wetland (i.e. considered negligible with 
regards to the purpose of this project).

N/A -

B:5.5 Check representation of storages, depressions, dams or 
constructed ponds: 
- stage storage relationship
- any controls
- inlets and outlets
- initial or permanent water levels
- overtopping arrangements (single level or irregular shape; 
weir coefficients; 2D mesh / breaklines); 

3

Artillery Drive Tunnel - The previous Q-H relationship (HAT 2.34) used in the 
"Assessment of McLennan Upper Wetland and Artillery Drive Tunnel Design 
Performance, AC 2016) has been used. This Q-H relationship was derived 
using spreadsheet calculations and included all hydraulic losses such as the 
bell-mouth inlet, the outlet and various horizontal /vertical bends. The 
calculations are based on Jacobs design of the structure.
Losses have therefore not been included at the tunnel shafts/bends within 
the model, to avoid double counting the losses (incorporated into the Q-H 
relationship). 

The inlets of the Artillery Drive Tunnel (two scruffy 
domes) should be modelled based on as-built plans - 
see Figure 1.

A new QH relationship has been developed 
based on the as-builts. Refer to description in 
metadata tab and provided spreadsheet. 

The Inlet structure is modelled as an outlet 
for stability, with QH control from 
spreadsheet in pipe. ILOL54728 is used as 
the control node for QH as MU does not 
allow outlet nodes for control. ILOL54728 
has consistent WL with M21 across the 
wetland. It was found that modelling the 
Artillery inlet as a manhole did not cause the 
QH to work as intended (water level in dam 
used as H) due to a drop in WL within the 
manhole structure.

Model updated as per 
discussion in model review 
meeting.

B:5 - Hydraulic Structures and Control Elements
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Auckland Council Model Review
Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:5.6 Check pump configurations. On/off levels, pump type, pump 

curve, pump controls, etc.
0

no pumps in the catchment/modelled N/A -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:6.1 Soakage modelling methods and representation in the model.

0

Soakage is present in catchment but thought not to perform well in winter 
months especially during high magnitude flood events. It agreed during 
model schematisation workshop with AC (15/01/2021) to not be included as 
effects on flooding likely to be minimal. soakage in the catchment is primarily 
for peat recharge.

N/A -

B:6.2 How is the soakage outlet capacity modelled. The assumptions, 
e.g. ARIs, etc.

0
soakage not included (refer to above comment) N/A -

B:6.3 Review the use of weir units in the model. Comment on the 
weir representation and coefficients used

0

M21 Dike structures (weirs/spillways) - M21 Dike structures have been used 
to define the crest level of the McLennan wetland spillway (2017 survey 
data). The north and south spillway crests have a coefficient of 1.6 (grass 
embankments) and the broad crested rock armoured spillway has a 
coefficient of 1.2.
The weir structure just upstream of the Grove Road Culvert inlet fish ladder 
has also been incorporated as a M21 dike structure with a coefficient of 1.6. 
The fish ladder weirs and the low flow weirs through the Awakeri wetlands 
are not modelled (other than being within the 2d mesh DEM) as they are 
deemed to have a negligible impact in high magnitude flood events.

OK -

B:6.4 Review the use of orifice units in the model, comment on the 
associated coefficients applied.

0
no orifice units used in model N/A -

B:6.5 Check representation of tunnels/underpasses

0

Artillery Drive Tunnel - The previous Q-H relationship (HAT 2.34) used in the 
"Assessment of McLennan Upper Wetland and Artillery Drive Tunnel Design 
Performance, AC 2016) has been used. This Q-H relationship was derived 
using spreadsheet calculations and included all hydraulic losses such as the 
bell-mouth inlet, the outlet and various horizontal /vertical bends. The 
calculations are based on Jacobs design of the structure.
Losses have therefore not been included at the tunnel shafts/bends within 
the model, to avoid double counting the losses (incorporated into the Q-H 
relationship). 

OK -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response
B:7.1 Modelled overland flow paths locations and downstream 

connectivity.
0

n/a - no overland 1D model N/A -

B:7.2 Comment on application of roughness values applied to 1D 
overland flow paths.

0
n/a - no overland 1D model N/A -

B:7.3 Review section shape for 1D overland flow paths
0

n/a - no overland 1D model N/A -

B:7.4 Check OLFP gradient and levels
0

n/a - no overland 1D model N/A -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:8.1 Review 2D extent and mesh sizes (any terrain sensitive 

meshing, and no extremely large or small meshes) 
Are mesh sizes appropriate at inlets and outlets.

0 1m2 in and around channels and wetlands. 4m2 on floodplain. 10m2 in areas 
outside catchment/areas of interest

OK

B:8.2 How have building footprints been represented
0 No changes to 2016 LiDAR DEM at buildings. 2D roughness of n 0.35 applied 

at existing building footprints
OK

B:8.3 Review DEM and identify if any errors in DEM, e.g. around 
buildings

0
Model DEM at swamp Kauri development (see FIGURES tab) OK

B:8.4 Check representation of any key obstructions
3 culvert/pipe asset data required at Battalion Drive see FIGURES tab)

Box culverts under Battalion Drive need to be 
included in the model. AC Project Manager will 
provide the available data.

The structure has been added using HNZ as-
built provided (DWG 125173-AB3B-420)

Model updated.

B:8.5 Check roughness zones and values

0

Roughness shapefile with land use attributes included in ArcMap MPK. Values 
were defined using Unitary plan, roads, building footprints and wetland 
extents used to define values. Concrete paths and vegetation around 
McLennan wetland digitised manually using aerials

OK -

B:7 - 1D Overland Flow Paths

B:8 - 2D Model Components

B:6 - Other Asset Features
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Auckland Council Model Review
Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
B:8.6 Review and check double counting between 1D and 2D model 

components. For example 2D cells not blocked out where flow 
is represented in 1D. 

0
no 1D channels N/A

-

B:8.7 Check 1D/2D interface and coupling method is appropriate. 
Check appropriate 1D/2D connections are applied at 2D nodes, 
inline banks, river reach banks, etc. E.g. appropriate Qmax at 
2D manhole, RESERVOIRHEIGHT= 100m, 
M21_AS_GROUNDLEVEL=0 in dhiapp.in file

0

RESERVOIRHEIGHT= 100m, M21_AS_GROUNDLEVEL=0 in dhiapp.in file OK

-

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
C:1.1 Have all events been simulated and results provided? 0 100 year MPD provided for initial review before options are modelled 100yr ARI MPD CC -

C:1.2 All correct input data assigned to the run file for each 
simulation? and check simulation start and stop times.

0
checked OK -

C:1.3 Check if flow, level and velocity are within reasonable range for 
pipes.
 - Identify Pipes with velocities >6m/s;
 - Check if inlet control should be included.

0

checks made - no pipes with velocity over 6m/s OK -

C:1.4 Check if flow, level and velocities are within reasonable range 
for overland flow paths, open channels and floodplain 0

checks made OK -

C:1.5 Is there any depression area or ponding not drained at the end 
of simulation? Check outlet configuration for depression.

0

Drainage from sports field adjacent to McLennan wetland to be added to 
model (200mm pipe to lower wetland).

Ponding on upstream side of railway near Ingram Street - no obvious outlets 
from this area other than pipe network already modelled. This is also outside 
of study area of interest 

OK Drainage from the sports field adjacent to 
McLennan wetland has been added to 
model. Using 2017 survey data and a 200mm 
pipe to the lower wetland shown in AC_Data.

OK

C:1.6 Are predicted losses at manhole and pipe connections within 
reasonable range and as expected?

0
checked OK -

C:1.7 Are predicted losses at inlet and outlet within reasonable range 
and as expected?

0
checked OK -

C:1.8 Culvert Performance:
- Is culvert operating as expected? Head losses within 
reasonable range. 
- Is flow limiting observed for 1D/2D connection at inlet/outlet?
- Spot Check with HY8 and manuals calcs at least 2 locations, 
more maybe required if model includes large number of 
culverts.

0

Grove road culvert performing as expected.

some instabilities at AWACUL1&2 (M11) but these do not affect hydrograph 
peak.

The Walters Road Culvert (WALCUL) and culvert immediately downstream 
(AWACUL3&4) have not been coupled as numerous stability issues were 
encountered at these locations during the model build despite a range of 
tests (coupling parameters, MU and M11 representation, invert levels). The 
culvert openings are currently modelled in 2D only (topographical opening in 
the mesh). The upstream water level does not reach the soffit level of the 
culverts and these culverts are sufficiently far upstream of McLennan 
wetland to have a minimal impact on results. 

OK -

C:1.9 Bridge Performance:
- Is bridge operating as expected? 
- Are contraction and expansion losses within reasonable range. 

0

n/a - no bridges in model N/A -

C:1.10 Check if 1D / 2D flow transfers as expected. Any location with 
significant instabilities

0
OK -

C:1.11 Check if pump operation as expected
0

n/a - no pumps modelled N/A -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)

C - Model Results Review 
C:1 - Model Results Check

C:2 - Model Validation
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Auckland Council Model Review
Section 3 Review Details

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
C:2.1 Compare TP108 graphical and modelled peak flows at a range 

of key locations, comment on any significant differences, and 
the impact on model predicted flows. 0

UHM and graphical method compared. No major differences in peak flow 
observed. Largest difference occurred at the impervious area of 
subcatchment AWA_SC3_Imp. The UHM method gives a flow of 2.91 
whereas the tp108 graphical method gives a flow of 2.83 (UHM flow 
increased by 3%)

OK rechecked with updated hydrology and no 
major differences in peak flow observed

C:2.2 Check if overall flood extent sensible. Compare new flood 
extent with any previous floodplains. 

0
flood extents in area of interest deemed sensible Overall flood extent are reasonable. -

C:2.3 Validation against RFS records, anecdotal evidence?
0

validation not part of scope. Model is MPD future base scenario terrain, 
channels and land use so RFS records not applicable in area of interest

N/A -

C:2.4 Validation against gauged data or flood surveys?
0

as per comment above N/A -

Item Description Rating Score Modeller's Initial Notes Reviewer's Comments Modellers Response Reviewer's Comments (2nd)
D:1.1 Does the model report provides adequate documentation on:

- project objectives and purpose;
- data analysis and model schematisation;
- modelling methodology for key model components
- assumptions and limitations.

0

report and options assessment programmed for after baseline model review In future stage -

D:1.2 If applicable, are options represented adequately with 
appropriate levels of details? Comment on confidence level 
based on both model setup and model results.

0
report and options assessment programmed for after baseline model review In future stage -

D:1.3 Should any aspects of the model be refined or redone in order 
to further investigate flooding effects?

0
model topography should be updated with new terrain of developments if 
smaller pipe networks are modelled

OK -

D:1.4 Which scenarios are modelled? Comment on the adequacy of 
scenarios modelled for achieving the project objectives 0

100 year MPD provided for initial review before options are modelled 100yr ARI MPD CC -

D:1.5 Any other assumptions used in the model that may have an 
impact on the overall model performance and meeting project 
objectives?

0

Model DEM at swamp Kauri development (see FIGURES tab) and culvert/pipe 
asset data required at Battalion Drive see FIGURES tab)

AC Project Manager will provide the available data. The Battalion drive culvert has been added 
but the DEM at the developments has not 
been provided. The mesh has been updated 
at the edge of the developments to 
interpolate/smooth edges and remove the 
vertical drops previously experienced.

OK

D:1.6 Describe any additional checks or issues to raise

0

More recent survey (2017) of the McLennan wetland was recently provided 
in PDF format. If the survey is available in dwg format then the contours 
should be updated in the model (if required)

AC Project Manager will provide the available data. The 2D mesh has been updated with 2017 
survey data at McLennan wetland.

OK

D - Additional Checks
D:1 - Additional Check Items
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Appendix - FIGURES

Artistry lane and Swamp Kauri developments: 
There were significant differences observed at these developments between manhole lid levels and the 2016 LiDAR (the 2016 LiDAR appears to have been captured during earthworks of the development). A 
2D surface has been created through interpolation of the manhole lid levels as these are more representative of the developed ground level. There are likely to be uncertainties in the overland  flowpaths 
through these areas and  it is recommended that the model is updated with surveyed ground levels/new LiDAR when available.
The model results show a sudden drop in terrain and water level at the Swamp Kauri development (area 1 in figures below) where the terrain created from the Lid levels does not tie in well with the LiDAR. 
The exact slope to the developed ground level is unknown.

UPDATE: 
The steep drops between the development DEM's and the LiDAR/2017 survey contours have been smoothed through interpolation between the datasets.
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Appendix - FIGURES

asset data required for culvert/pipe discharging to wetland from Military camp

UPDATE: Data received and structures have been added to the model
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Appendix - FIGURES

Figure 1
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Appendix C:  Flood extent figures

Figure Appendix C.1: Flood extent – 100 year ARI MPD CC Baseline

Figure Appendix C.2: Flood extent – 10 year ARI MPD CC Baseline

Figure Appendix C.3: Flood extent – 100 year ARI MPD CC Sensitivity scenario 2

Figure Appendix C.4: Flood extent – 100 year ARI MPD CC Option scenario 1

Figure Appendix C.5: Flood extent – 100 year ARI MPD CC Option scenario 2

Figure Appendix C.6: Flood extent – 100 year ARI MPD CC Option scenario 2 and sensitivity scenario 2
(compared to baseline)

Figure Appendix C.7: Flood extent – 100 year ARI MPD CC Option scenario 2 and sensitivity scenario 2
(compared to sensitivity scenario 2)




