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1 Background 

Jagger NZ Ltd is seeking to develop the former golf course located alongside Duck Creek to the north of 

Discovery Drive with residential development.  It is anticipated that there will be around 150 new residential 

sections created by the development of the lower lying land around Duck Creek. 

Realignment of a portion of Duck Creek and earthworks are required within the 100 year floodplain of Duck 

Creek to raise the proposed lots above future flood levels.  To assess the effects of these works hydrological 

and hydraulic models of the catchment with the proposed earthworks and realignment has been completed.  

1.1 Limitations of the Study 

Previous development of Duck Creek South (development upstream of Discovery Drive) involved 

realignment of part of Duck Creek. This involved modelling existing and fully developed catchment scenarios 

for the whole Duck Creek catchment. This existing model has been used to extract flows directly downstream 

of Discovery Drive which has been used as an upstream flow condition to the Duck Creek North model. The 

Duck Creek North model evaluates the proposed changes to Duck Creek North including earthworks, stream 

realignment and new structures.  This report details the results of the model downstream of Discovery Drive 

on the basis that there will be no more than minor effects upstream of this point as a result of the proposed 

earthworks and realignment within the downstream reach.  

1.2 Duck Creek Stormwater Modelling  

Previous modelling of Duck Creek has been undertaken by Cardno as part of the development of Duck 

Creek South.  This assessment involved modelling of Duck Creek and the associated earthworks using 

XPSWMM.  This model was a 1D model constructed from cross sections created using 12d topographical 

modelling software.  The inputs and results of this modelling are summarised in Duck Creek South, Flood 

Modelling Report (Cardno, 2011). 

Other modelling that has been completed in the Duck Creek area includes work by Beca in 2003 

commissioned by Porirua City Council to determine the floodplain of Duck Creek.  The study used XPSWMM 

2000 software to produce flood levels in the creek for the 2, 10 and 50 year events.  An addendum to the 

report submitted later included the 100 year storm event flood levels.  

AWT also completed modelling in 2009 commissioned by Porirua City Council to start the process of 

modelling the city’s stormwater network.  A low level model of the entire city was developed with additional 

modelling undertaken at Ascot Park and Duck Creek.  In the Duck Creek area the model involved 

determining the design flows for the nominated design storm events including future climate change, an 

accurate depiction of the existing infrastructure’s level of service, and determining the floodplain for the 100 

year ARI rainfall event.   

The Duck Creek South Cardno Report analyses model inputs and compares outputs to the above reports. 

Modelling undertaken by Cardno of Duck Creek South and North ensures an integrated approach was 

undertaken for both developments. Previous modelling set floor levels for a developed catchment scenario 

including the Discovery Drive (Samuel Marsden) and Shoal Place areas. 

1.3 Duck Creek Catchment 

The total catchment discharging to Pauatahanui Inlet from Duck Creek is approximately 1032 ha. The 

proposed Duck Creek North Development is approximately 13.3 ha which equates to 1.3% of the total 

catchment area.   
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2 Overview of the Duck Creek Model 

The Duck Creek North model has been built using XPSWMM 2014 SP1 stormwater modelling software. The 

model is a 2D model created by importing the ground surface from 12d topographical modelling software and 

uses the previously agreed hydrological inputs from the Duck Creek South model. 

The Duck Creek North model extends from downstream of Discovery Drive to the Pauatahanui Inlet as 

shown in Figure 2-1. 

Figure 2-1 XPSWMM Model Extents 
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3 Model Inputs 

The key input parameters (base topography, hydrology, roughness charactertics) for the Duck Creek North 

model are unchanged from the previously agreed parameters for Duck Creek South but are summarised 

below for completeness.   The key changes that are being assessed are related to the raised developed land 

surface, new bridges and creek realignments.  Details of how these features have been incorporated in the 

model are described below.  

3.1 Topography 

In 2009 Cardno conducted a full topographical survey of the land comprising of the former golf course and 

surrounding Whitby Coastal Estates’ land.  The survey used GPS as well as conventional methods 

depending on the suitability in the location.  The purpose of the survey was to capture sufficient detail for the 

flood modelling.  The survey included capturing the geometry of the SH58 culvert at the downstream end of 

the reach.  

The survey data along with the surrounding Porirua City Council contour data was used to build a digital 

terrain model (DTM) in 12d of the larger area.  12d software was used to design the earthworks for the 

proposed land development including the creek diversions and another DTM of the final development 

topography was generated. This DTM has been imported to XPSWMM to assess flood extents for various 

rainfall events. 

3.2 Hydrology 

3.2.1 Rainfall Depths/Duration 

Rainfall depths for the 24 hour design storm events were taken from HIRDS Version 2 and had the standard 

error added to them (see Table 3-1).   These corresponded with the same values used in the previous Duck 

Creek studies by Beca and AWT.   It is worth noting that analysis completed by SKM of the closest 

raingauge to the Duck Creek catchment (Judgeford) provided rainfall depths lower than those derived by 

HIRDS V2 (see Table 3-1).  It has been decided to keep the previously agreed HIRDS V2 rainfall depths but 

note the likely conservatism this builds into the model outputs.  

Table 3-1 Rainfall Depths 

Storm Event HIRDS V2 

Rainfall Depth 
including standard 
error (mm) 

Judgeford 
Raingauge1 

Generalised 
Logistic Distribution 

24-hour 2-year 78.6 67.1 

24-hour 10-year 110.4 99.2 

24-hour 50-year 155.6 135.3 

24-hour 100-year 182.8 154.2 

 

An assessment for climate change was included in the model with additional storm events including the best 

practice rainfall % increases provided in the Ministry for the Environment (2008) and as used in the AWT, 

BECA and SKM studies.  The events modelled including climate change are shown in Table 3-2, below. 

 

 

 

                                                      
1 SKM Transmission Gully Project Technical Report 14.  
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Table 3-2 Climate Change Rainfall Depths 

Storm Event 
(24-hr 100-yr) 

Temperature 
Increase (ºC) 

Rainfall 
Increase 

Rainfall Depth 
(mm) 

2090 Low + 0.6 4.8% 191.57 

2090 Medium + 2.1 16.8% 213.51 

2090 High + 5.2 41.6% 258.84 

2090 Extreme + 5.2 75% (1.5 x 
2090 M depth) 

320.27 

 

The 2090-Extreme rainfall storm event has been modelled to identify the effects of an over design event on 

the surrounding area.  It will not be used to set any design criteria but has been used to test the freeboard 

allowance.  The proposed development will allow for the 2090-High rainfall event flood levels plus freeboard 

of 300 mm.   

3.2.2 Freeboard 

A freeboard of 300 mm has been added to the 2090-High scenario to set minimum floor levels and soffit 

levels for the bridges.  As previously noted the baseline 24 hr 100 year rainfall depth (HIRDS V2) is 19% 

higher than that determined from the closest raingauge and using the high climate change scenario (+42%) 

adds in further allowance for uncertainty in the model outputs.  Given that this approach and the underlying 

hydrology has been previously agreed and accepted for the catchment upstream it has been decided to 

maintain these parameters.  

3.2.3 Storm Distribution 

The Balanced Storm Distribution Method, or alternating block distribution method (TxDoT, 2009), was used 

to create a distribution graph for each design storm event.  The shape of the 24 hour hypothetical storm is 

the same for each design storm though the rainfall depths will correspond to each specific event based on 

nesting the depth duration curves produced by HIRDS V2.   

The same methodology was used by AWT in their 2009 report and a similar temporal distribution achieved.   

 

Figure 3-1 Storm Distribution Graph 100-yr 24-hr Event 

 
 

3.2.4 Catchment Areas 

The catchments were based on those in Beca’s 2003 study with 41 sub-catchment areas identified and used 

in the Cardno Duck Creek model.  However, the land-use split of each catchment and the points of discharge 
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into the creek were refined from the Beca 2003 model.  Cardno Plan 109190 C570, attached in Appendix A 

shows the catchment areas attached to each node as identified within previous modelling. 

The overall Duck Creek catchment identified is approximately 1032 ha of which includes the Duck Creek 

North catchment of approximately 13.3 ha. The proposed development equates to approximately 1.3% of the 

total Duck Creek catchment. 

The Beca model assessed three land use scenarios; current land use, land use to the full extent of the 

district plan, and complete development.  Although large areas of the catchments are identified under the 

district plan as being residential not all of these areas have the topography which will allow full residential 

development.  The land use of each catchment area has therefore been altered to accommodate the realistic 

level of development which could be expected from that land over the long term.  The model accounts for 

development of both Duck Creek South and Duck Creek North.   A sensitivity check using the Rational 

Method is presented within Table 4-1 and allows for 75 % of the catchment being developed for residential 

noting that the district plan currently allows for approximately 40 %.  

The majority of the catchments were directed to nodes at the mid-point of the catchment’s boundary with the 

creek in the Beca model.  The Beca catchment nodes were transferred into the Cardno Model at similar 

locations with nodes adjusted to reflect stream realignment.  

The catchments around the two storage lakes discharging into Duck Creek immediately downstream of the 

Discovery Drive culvert have been amalgamated into one single catchment and the time of concentration 

extended to account for the storage in the lakes. 

3.2.5 Rainfall/Runoff Model 

The Soil Conservation Service (SCS) Curve Number (CN) methodology (USDA, 1986) was used to 

determine runoff from the catchments.  This was the same methodology as used in the Beca model and is 

considered to provide a more accurate model due to its non-linear response compared with the rational 

method.  The following CN values were used which correspond those in TR-55 (USDA, 1986). 

Table 3-3 Catchment SCS CN Values 

Land Use % Impervious SCS Curve 
Number 

Urban 35% 83.5 

Rural 0% 69.0 

Landscape Protection Area 14% 74.2 

Upper Catchment Cleared 0% 70.0 

Upper Catchment Forested 0% 50.0 

   

Impervious 100% 98.0 

 

The initial abstraction determines the loss of rainfall due to ground infiltration and storage.  This has been 

kept as specified with TR-55 as 0.2S where S is the ground storage dependent on the Curve Number 

associated with the land use.  S, in mm, is calculated using Equation 1 below.  The standard SCS unit 

hydrograph has been used to generate run-off hydrographs from each catchment.   A high level check using 

the Rational Method has also been completed using a range of run-off co-efficients and rainfall intensities to 

ensure that flows are of the right order of magnitude.   

 
 S = ((1000/CN) -10) x 25.4  .................................... (Equation 1) 

3.2.6 Modelled Inflow 

Flows downstream of Discovery Drive have been extracted from the Duck Creek South model and input 

directly in to the Duck Creek North model which has been used as the upstream model extent. The 

catchments downstream of Discovery Drive have been input based on known stormwater pipe locations and 

sub-tributary waterways. 
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3.2.7 Tide Levels 

The downstream control has been modelled based on the tide levels from LINZ and observed levels onsite.  

The tide levels, relative to Wellington Vertical Datum (1953), are shown in Figure 3-2 below. The tidal 

boundary within the Duck Creek North model has been adjusted upwards by 0.46 m from the Duck Creek 

South model to provide an allowance for storm surge and to tie in better with observations made on site of 

water marks on the SH58 headwall.  

Figure 3-2 Tide Levels at Porirua Harbour (relative to Wellington Vertical Datum) 

 

The time of channel flow in Duck Creek plus the time of concentration of the catchment areas means that the 

peak of the flow hydrograph at the tidal outlet is likely to coincide with at least two thirds high tide mark or 

greater.  This is considered sufficiently conservative particularly given the 0.46 m that has already been 

added to this level over and above the published tide data for the Inlet.  The MfE guidance (2008) indicates 

sea level rises as shown in Table 3-4. 

Table 3-4 Climate Change Tide Level Rises 
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Table 3-6 Tides in Rainfall Events 

Rainfall Events Tide Scenario 

2-year, 10-year, 50-year, 
100-year 

E2010, Existing Tide 

2090L, 2090M, 2090H, 
2090E 

C2090, Consider 2090 Tide 

3.3 Hydraulics 

3.3.1 Roughness Coefficients 

Manning’s n roughness coefficients have been applied to the natural open channel, heavily vegetated area, 

roads and lots as per Table 3-7.   

Table 3-7 Manning’s n Values 

Section Manning’s n Value 

Stream Channel  0.035 

Heavy Vegetated Areas 0.080 

Lots/Other  0.04 

Roads  0.020 

SH58 Culvert 0.016 

 

The DOC Scenic Reserve located prior to SH58 has been modelled with a Manning’s n roughness of 0.08 to 

reflect the dense and/or unmaintained vegetation.   A sensitivity run has also been undertaken increasing the 

Manning’s n values by 25% to ensure peak water levels are accommodated below the minimum floor levels.   

3.3.2 Structures 

There is an existing single barrel culvert beneath SH58 and three proposed bridges within the Duck Creek 

North channel network. These structures have been modelled as described below. 

3.3.2.1 State Highway 58 Culvert 

There is a single culvert under State Highway 58 immediately prior to Duck Creek discharging into the 

Pauatahanui Inlet.  The culvert is a concrete box culvert with wing-walls at the inlet and outlet.  

The internal culvert dimensions are 2.5 m deep by 3 m wide and the invert is at a level of -1.44 m RL. The 

State Highway over the culvert is approximately 1.4 m above the culvert obvert at the road centreline.  SH58 

is a single crossfall road sloping towards Pauatahanui Inlet. 

The culvert has been modelled as a 1D link which connects to the 2D grid.  Flow from the channel can pass 

via the 1D culvert until the water levels reach the road level when water will overtop the road.  A composite 

Manning’s n value for the culvert has been calculated based on a Manning’s n value of 0.014 for the 

concrete sides and top and a Manning’s n value of 0.021 for the natural base giving an overall composite 

Manning’s n value of 0.016.  Entrance and exit losses of 0.4 and 1 respectively have been applied.   

3.3.3 Proposed Bridges 

There are three bridges proposed in the Duck Creek North development.   The two most upstream bridges 

are single span with the downstream bridge having one central pier.  The bridge abutments and central pier 

for the downstream bridge have been included within the DTM generated in 12d and have been included as 

cells within the 2D model.  This is considered to provide a conservative basis for losses through the bridge 

as the actual bridge pier will have a more hydraulically efficient profile.   Due to the large number of upstream 

bridges and the fact that two bridges are clear span and the other has a single pier there is limited risk of 

debris loading on these structures.  Therefore a specific sensitivity check has not been undertaken on a 

blockage scenario.  It is considered that the sensitivity checks using the extreme hydrology and increased 

Manning’s n are sufficient.  
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4 Model Results 

To determine the effects of the Duck Creek North development, a model with the existing channel geometry 

has been run with the current 10 year, 100 year and 2090-High flood events.  It should be noted that both the 

existing and proposed models have the same hydrological inputs on the basis of having total realistic 

catchment development (including Duck Creek North).  The increase in run-off due to the landuse change 

specifically relating to the 13 ha Duck Creek North development has been estimated at less than 0.6 m3/s for 

the 2090-High scenario which is insignificant in relation to the peak flows during that event.   

4.1 Flows 

The flows for the various rainfall events at SH58 are shown in Table 4-1.  An approximate check has been 

undertaken using the Rational Method using key parameters as follows:  

 Catchment Length (main channel): 6 km 

 Area: 10 km2 

 Average slope (main channel): 0.025 m/m 

 Time of Concentration range: 1 hr (Ramser-Kirpich) to 2 hrs (Bransby Williams) 

 Run-off Coefficient range : 0.44 (40% of full catchment developed residential) to 0.56 (75% of full 

catchment developed residential) 

 Rainfall Data : HIRDS V3 

The results of the Beca 2003 model for the District Plan developed scenario and full (100%) catchment 

development.  

Table 4-1 Flow Results 

LOCATION FLOW RATES (m³/s)  

 2yr 10yr 50yr 100yr 2090M 2090H 2090E 

At SH58 (SCS 
hydrological model) 

12 27 50 64 79 105 135 

Beca    31 - 58 37 - 70    

At SH58 (Rational 
Method Check) 

  30 - 60 35 - 70 45 - 80 55 - 100  

 

4.2 Calibration/Verification 

There is insufficient data to provide any real calibration or verification of the model therefore the conservative 

nature of the flood flows as presented above is considered appropriate.  The only information that is 

available is surveyed peak levels from the May 14th 2015 event but without measured rainfall within the 

catchment significant assumptions would have to be made about the rainfall that occurred during the event.  

Analysis undertaken by Christensen (2015) for Porirua City Council concluded that the May 2015 event was 

a 100 year event across the shorter durations (<30 mins) for the Porirua CBD but this reduced for longer 

durations and to the east of the CBD.  The approximate return period for the rainfall across the Duck Creek 

catchment across the 1 – 2hr duration is 10 to 20 years period for the May 2015 event.  The surveyed peak 

flood levels from the May 2015 event are lower than the current 10 year, 24 hour nested storm model 

outputs.   This provides an indication that the model parameters are at the conservative end of the range.  
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4.3 Flood Levels and Extents 

The flood extents for the 100-year and 2090-High events are shown on Cardno Plans PL-C601 to 602 in 

Appendix B with the water levels shown at selected cross sections in Cardno Plans PL-C621 to 628 in 

Appendix C.   

The flooding extents along Duck Creek North do not show widespread flooding as a result of the proposed 

earthworks or structures.  

The 2090-High flood extents are shown to be maintained within the channel banks for the vast majority of the 

length through the Duck Creek alignment. There is breakout from the main channel within the DOC Duck 

Creek Scenic Reserve located prior to SH58, minor flooding to a portion of the road upstream of the northern 

bridge and the southern end of Road 5, flooding to the northern extent of James Cook Drive and overtopping 

of the SH58 culvert.  

However, the extent of flooding shown for the 2090-High event in Plan PL-C602 and the design flood water 

levels for the 2090-High and 2090-Extreme rainfall events in the section of Duck Creek between the 

wastewater pump station (distance 415) and the estuary are highly influenced by the secondary flow over 

SH58 in the lower section of Duck Creek. This is because the existing culvert can only pass less than a 

quarter of the peak flow for the larger events (see Section 4.5), with the remainder overtopping the road, 

which results in a water surface level of approximately 3.06 m RL at a distance 100 m upstream of the 

culvert for the 2090-High event.   

The impact of the Duck Creek North development at SH58 is further discussed in Section 4.5.  

The flood extents of the 2090-Extreme event have been considered in the design process and minimum 

floors levels have been specified as detailed in Section 4.9 to be above this extreme level. 

4.4 Velocities 

The velocities within the channel and overbanks have the potential to induce scour.  Velocities of 2.2 m/s 

within the channel and banks are considered acceptable, however once velocities exceed 2.2 m/s the 

channel bed and overbanks may become mobile therefore requiring protection to ensure the channel stays 

to the design alignment.  The channel has been designed to contain the 10 year event, and this event has 

been used to assess the location of the required stabilisation.  Although larger design events will be 

conveyed within this channel, the peak velocity will be located higher within the channel. Erosion and stream 

bed protection is further discussed in Section 4.10. 

4.5 State Highway 58 Culvert 

As described in Section 4.3, SH58 acts as an overflow to the culvert where the low point of SH58 is located 

between the James Cook Drive / SH58 intersection and the SH58 culvert at an elevation of 2.23 m RL while 

the road level above the culvert is at approximately 2.52 m RL. 

The flood extents shown in Cardno Plans PL-C601 to C602 shows the extent of overtopping during 100-

yearand 2090-High event. As discussed in Section 4.3, the plans for the 2090-High (C602) event is based on 

the existing SH58 culvert remaining. 

The results of the model show that the State Highway is used as an overflow weir in the 10-year rainfall 

event where overtopping occurs at the low point within the road.  Flows backup at the culvert in the 2-year 

event but does not overtop the culvert.  

In events where flow overtops the State Highway the flows can be significant as summarised in Table 4-2. 

The flowpath over SH58 is wide which helps control the maximum water levels within Duck Creek. The flow 

width over SH58 in the 2090-High event is approximately 150 m, therefore a small increase in depth can 

result in a large increase in flow over the road. 

There is approximately 460 mm depth of water within the low point at the centre of SH58 in the 2090-High 

event and velocities across SH58 are between 1.4 - 2.9 m/s. These depths and velocities are similar in the 

existing case showing less than minor effects on State Highway 58 due to the development of Duck Creek 

North.  
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Table 4-2 State Highway 58 Crossing Flows (m³/s) and Maximum Water Surface Level (m)  

 Proposed 
2yr  

Proposed 
10yr  

Existing 
10yr 

Proposed 
100yr  

Existing 
100yr 

Proposed 

2090H 

Existing 
2090H 

Main 
Culvert 

12.3 19.3 19.1 23.4 22.9 20.9 20.4 

SH 58 0 7.3 6.3 41.0 40.1 88.7 88.4 

Max 
WSL 
(U/S of 
culvert) 

1.7 2.5 2.5 2.8 2.8 3.1 3.1 

Table 4-3 State Highway 58 Velocities (m/s) 

 Proposed 
2yr  

Proposed 
10yr  

Existing 
10yr 

Proposed 
100yr  

Existing 
100yr 

Proposed 
2090H 

Existing 
2090H 

Main 
Culvert 

 1.7 2.6 2.5 3.1 3.1 2.8 2.7 

SH58 

(directly 
above 
culvert) 

 0 0 0 0.9-2.1 0.9-2.0 1.4-2.9 1.4-2.8 

Table 4-4 State Highway 58 Depth (m) 

 
Proposed 

2yr  
Proposed 

10yr  
Existing 

10yr 
Proposed 

100yr 
Existing 
100yr 

Proposed 
2090H 

Existing 
2090H 

SH58 
(at low 
point) 

 0 0.14 0.13 0.31 0.31 0.45 0.46 

 

The majority of the flow passes over SH58 with only a small portion passing through the existing culvert. Due 

to the tidal influence this culvert essentially becomes drowned during high tide as the maximum existing tide 

level is 1.0 m RL and the culvert obvert is 1.06 m RL. Therefore 22.9 m3/s flows through the culvert in the 

100 year event and 20.9 m3/s in the 2090-High event due to the 0.8 m rise in tide levels for the 2090 event 

which reduces flow capacity of the culvert and increases the flow over SH58. 

4.6 Discovery Drive 

The maximum water surface elevations downstream of Discovery Drive within the Samuel Marsden School 

are shown in Table 4-5. The water levels with the developed Duck Creek North are similar to the existing 

with no difference in the levels up to the 100 year event therefore not impacting on the flow conditions 

upstream of Discovery Drive.    

Table 4-5 Estimated Maximum Water Surface Elevations (m) 

 100yr  2090H 

Developed 
DCN 

12.35 12.47 

Existing Model 12.35 12.42 

4.7 Existing Properties 

There are a number of existing properties which have boundaries with the proposed Duck Creek North 

development.  The properties identified as being the most sensitive to changes to flood levels are those 

properties along Shoal Place, especially 4 Shoal Place where the dwelling is built within the current 100 year 

flood plain. The other existing properties to the east of the proposed Duck Creek North development sit 

higher in elevation while the existing properties to the west are bound with proposed lots.  
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The minimum floor level for 4 Shoal Place was specified by Beca in their 2003 Duck Creek Stormwater 

Modelling Addendum Report at 4.25 m RL based on their 100 year flood level estimate of 2.40 m RL.  The 

Cardno modelling report prepared for the 2010 Comprehensive Development Plan (CDP) estimated the 100 

year flood water level at 4 Shoal Place to be 2.81 m RL with the Duck Creek North and South developments 

completed.  

The latest modelling analysis for the Duck Creek North development has taken into account specific 

proposed design surface levels along the entire stream, specific bridge crossings and improved modelling 

analysis using 2 dimensional modelling techniques. This latest modelling now estimates the 100 year flood 

water level to peak at a level of 2.91 m RL. This increased estimate over the previous Cardno model result is 

also because we have used a higher downstream outlet water level, as discussed in Section 3.2.7. The 

higher estimate does not raise any concerns regarding the level of flood protection for No 4 Shoal Place as 

the minimum floor level is well above these levels. 

Table 4-6 Maximum Water Elevation (m RL) adjacent 4 Shoal Place 

 100yr  2090H 

Developed 
DCN 

2.91 3.25 

Existing Model 2.91 3.22 

Table 4-6 outlines the difference in water levels between the existing and developed surfaces adjacent to 4 

Shoal Place. The water level increase adjacent to Shoal Place has been mitigated via excavation within the 

adjacent floodplain to provide additional flood storage and hydraulic capacity so there is no increase in the 

estimate maximum water surface level up to the 100 year event.  

The previous Cardno modelling that supported the CDP had estimated a 0.03 m increase in peak flood water 

level at 4 Shoal place between the undeveloped and developed scenario for the 100 year event. The extent 

of flooding on 4 Shoal Place between the earlier Cardno modelling and the current modelling is very similar, 

as shown by plans 1090190-C545 (drawing for CDP) and the current drawing NZ0115065-PL-601. 

There is a no more than minor increase in peak water level of 30 mm in a 2090-High event at No 4 Shoal 

Place. The increased peak level is only expected to occur for a period of less than 30 minutes during the 

2090-High event due to the relatively small catchment size and length. 

The proposed development has no effect on the water levels at the existing dwelling of 4 Shoal Place up to 

the 100 year event and there is approximately 1.3 m freeboard to the existing floor level in this event.  

4.8 Proposed Bridges 

There are three bridges proposed in the Duck Creek North development.  The bridge abutments and piers 

have been included in the DTM to simulate the effects of the flow constrictions. The downstream bridge has 

been modelled with a pier due to the required bridge span while the upstream bridges are single span. 

The bridge deck levels have been set so there is 0.3 m freeboard during the 2090-High event to the 

underside of the bridge deck.  

The modelled losses through the bridge structure are considered conservative due to implementation of flow 

aiding features during construction such as elliptical piers which will reduce the losses through the structure.  

4.8.1 Temporary Bridge  

Two temporary bridges are required during development to provide access across Duck Creek during the 

construction of the permanent bridges. The proposed bridge locations are shown in Cardno Plan PL-C411 

attached in Appendix D. A further temporary bridge may also be required off James Cook Drive and next to 

construction of permanent bridge 1. This is only an option to assist traffic management issues at SH58. 

Temporary bridge 1 will be a single span bridge required to provide temporary access over Duck Creek in 

order to cart and stockpile topsoil and construct permanent bridge 2. This temporary bridge will be located 

immediately upstream of bridge 2 and it is intended to be constructed within Stage 1 and remain in place for 

approximately a two year period until the construction of the bridge 2 is complete. 
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The underside of the bridge deck will sit above the existing 10 year flood level with the bridge approach to tie 

into the existing natural topography. Flow in excess of the bridge capacity will be conveyed around the 

bridge. A preliminary concept detail of the temporary bridge is shown in Appendix D with design to be 

confirmed within detailed design.   

The second temporary bridge will be located further south between Stages 3 and 4. This bridge will be 

constructed at the start of Stage 3 earthworks. This bridge is required to provide access to Stage 3 following 

completion of Stage 1 but prior to completion of permanent bridge 3.  

4.9 Finished Floor Levels 

During the 2090-Extreme event, some of the proposed lots are impacted by ‘break-out’ flow from the 

channel. To ensure the dwellings are flood free, minimum floor levels have been established based on the 

maximum of the 2090-Extreme event or the 2090-High event with a 0.3 m freeboard applied. This 2090-High 

event accounts for a 41.6% increase in rainfall and generates flood levels higher than the sensitivity run 

which has Manning’s n increased by 25% for the 2090-Medium climate change scenario.  

The finished floor levels required for the lots adjacent to Duck Creek are shown in Appendix E. It is also 

noted that the finished floor levels for the Duck Creek North lots adjacent to Shoal Place (Lots 1-5) have a 

finished floor level lower than that of 4 Shoal Place. 

There is an existing consent notice on the Samuel Marsden School land which states that some areas of 

land are below the 2090 year flood level in which no activity which may reduce or impede the ability of this 

area to convey flood waters from the 2090 year high event detailed in Duck Creek Flood Modelling Report 

dated May 2011 prepared by Cardno, unless specifically approved by Porirua City Council. 

4.10 Erosion Protection Design 

4.10.1 Rock Rip Rap 

As outlined in Section 4.4, channel stabilisation is required along the channel to prevent channel migration. 

In areas where the velocity is less than 2.2 m/s then the proposed vegetation on the side slopes will be 

capable of withstanding erosion from the flow.  Where the velocity is greater than 2.2 m/s rock protection 

which is capable of withstanding the velocity will be placed to restrict migration of the creek. The extent of 

rock protection required within the channel and side slopes within Duck Creek has been determined based 

on the flow velocity within the 10 year event.   

Rock rip rap along the existing channel will be required as shown within Cardno Plan PL-C251 in Appendix 

F. This involves lining the channel bed and sides with rock armouring wrapped in a geotextile. This will be 

keyed in at the bed with a 1 m gravel substrate place within the channel bed.  The rock will be placed from 

the bed of the stream up to top of the banks. Topsoil will be placed over the rip rap and grass cover 

established.  The length of either bank, bed or rock protection required along the existing channel is 

approximately 600m of the channel.  

4.10.2 Channel Stabilisation 

Due to the velocities within the channel, there is the potential for bed material may become mobile and 

conveyed downstream. These particles will settle with the lower velocities present within the downstream 

extent. Therefore a monitoring programme is proposed during construction to manage the downstream bed 

levels to ensure bed levels do not increase and adversely affect water levels.  If a significant rise in bed 

levels is encountered, maintenance of the channel may be required to manage levels.  

4.10.3 Extents of Erosion Protection 

Approximately 114 m of Duck Creek is being realigned to accommodate development of Duck Creek North. 

The new stream bed substrate will be required to match the existing as closely as possible to maintain the 

natural processes present in the entire length of Duck Creek and to replicate the same ecological 

environment.  The new stream alignment will require assessment as to likelihood of side slope erosion along 

the length. 
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4.10.4 Stream Bed Substrate 

The existing stream bed substrate has been created naturally by flow characteristics of Duck Creek over a 

significant period of time.  The stream bed substrate creates a natural balance along the entire length of the 

stream and disruption to one part of this substrate could create erosion or accretion of bed material 

downstream.  In order to maintain this natural balance the existing stream bed substrate will be replicated in 

the new realignment. The existing bed gradient will also be maintained through the use of rock weir sections 

(runs) as has been used in the Duck Creek South realigned sections. 

The particle size distribution of the existing stream bed substrate will be determined by undertaking a sieve 

analysis on test pits of bed material in the stream.  The analysis will follow the NZS4402:1988 Section 2.8 

Determination of Particle Size.  The testing will result in a grading envelope within which the new stream bed 

substrate should lie. 

Following excavation of the new stream alignment the same particle size distribution analysis will be 

undertaken on the potential new stream substrate to determine if it fits within the grading envelope.  Should 

the substrate be outside of this envelope new material will be laid in the realigned bed which is within the 

required grading. This material may be sourced from reclaimed sections of the existing stream or off site 

depending on the source available. 

There will be sections where new material of a different grading is placed in the stream.  These will be at 

locations where the ecologist has determined that a riffle or pool can create suitable aquatic habitat.  The 

ecologist will identify these points on site and the rock size adapted to create the required effect. 

Following realignment of the stream there may be some relatively minor fluctuation or movement in the bed 

as it naturally readjusts, as has been the case in parts of the Duck Creek South realigned sections.  This 

movement is not expected to be extreme or have the potential to result in flooding or notable scour along any 

part of the stream length due to the overall improvement in the size, shape and erosion protection resulting 

from the earthworks design. Minor scour will be addressed by localised maintenance involving a 

combination/selection of placement of additional rip-rap rock, reshaping of the bank, additional vegetation 

protection and alternative size bed material if required. 
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5 Conclusions 

A number of flood events have been modelled to assess the effects of the proposed Duck Creek North 

development.  The model has the same base catchment parameters as those previously used for the Duck 

Creek South model immediately upstream.  The only change has been an increase in the downstream tide 

level to allow for storm surge and better tie in with observed water levels on site.  Industry standard 

allowances have been made for higher sea levels and increased rainfall as a result of climate change. 

The model found that the earthworks required to contain the flood extents have minimal impact to the 

existing features such as the culvert beneath SH58 and the existing properties in Shoal Place.   

Within the development, roads are not flooded in the 2090-Medium climate change event and residential 

dwellings and bridge soffits have minimum levels set 300 mm above the 2090-High climate change event.  

Erosion protection is also provided to ensure the main channel remains stable.  

The flood levels and flood extents as a result of the development of Duck Creek North will result in less than 

minor effects.  With the proposed erosion protection in place there will be less than minor effects as a result 

of channel erosion.    
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