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 EXECUTIVE SUMMARY 

1. Provided the recommendations set out in this s 42A report are implemented, we 

consider that stormwater effects from proposed Plan Change G (PCG) will be managed 

by the proposed mitigations, which are intended to achieve: 

(a) Hydraulic neutrality; 

(b) A match of pre-development erosion threshold exceedance; and 

(c) Treatment of the 90th percentile rainfall volume from impervious developed 

areas.   

2. In our opinion these design criteria will ensure an acceptable level of stormwater effect 

from PCG, and will benefit the receiving environment, through improved management 

of stormwater, including from existing Aokautere development, and gully restoration. 

 INTRODUCTION 

Author 1 – Allison Reiko Baugham 

3. My full name is Allison Reiko Baugham.  I hold a dual degree in Civil Engineering and 

Engineering & Public Policy from Carnegie Mellon University (USA) received in 2008, 

and a Master of Engineering degree in Environmental Engineering & Water Resource 

Systems from Cornell University (USA) received in 2009.  

4. I am a Chartered Professional Engineer (CPEng) of Water engineering, with my practice 

area being investigation, design and construction management of water, wastewater 

and stormwater reticulation systems. I am also a licensed Professional Engineer (PE) in 

the state of New York, USA.  

5. I am a Senior Water Engineer with 14 years’ of experience in the planning and design 

of three waters infrastructure. In addition to infrastructure design, my experience also 

includes hydraulic / hydrological modelling of stormwater for local government. I 

transferred to New Zealand in 2013 and have mainly been involved in projects for local 

councils in the Manawatū-Whanganui region.  
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6. I have served as a Consultant Engineer for Palmerston North City Council (Council) since 

2017, assisting in a myriad of capital works projects relating to stormwater and 

planning across the city. As part of my role, I have assisted in preparing the stormwater 

servicing assessments for multiple Plan Changes and providing expert evidence on 

behalf of the Council. I have also provided assistance to the Stormwater Services 

Manager and Development Team since 2016 reviewing resource consents, subdivision 

plans and stormwater management plans.  

7. In addition to my work at Council, I have also been involved in developing the 

Stormwater Master Plan for Whanganui District Council, various structure plans and 

servicing assessments for Whanganui and Manawatū District Councils, and have 

undertaken impact assessments for Whanganui, Manawatū and Horowhenua District 

Councils as they relate to growth and its effects on stormwater management.  

8. I have been engaged by Council in relation to PCG, which seeks to rezone a new 

greenfield growth area in Aokautere for residential development and insert an 

accompanying Structure Plan and provisions (objectives, policies and rules) into the 

District Plan.  

9. I have been involved with PCG since 2020. My role has involved providing technical 

advice in the area of stormwater management and mitigation strategies.  

10. As part of my role I authored, co-authored, and/or served as Project Director for the 

following reports: 

(a) Stormwater Management Strategy: Plan Change G - Aokautere (GHD, 23 May 

2022) (the “Stormwater Management Strategy”)1 (Appendix A). This report 

documents the stormwater analysis undertaken to determine the effects of 

PCG and the proposed stormwater management strategy to enable 

development.  

(b) Stormwater Expert Evidence – Stream Erosion Assessment Summary (Rev 1, 22 

June 2023) (Appendix B). This technical memorandum summarises the erosion 

in the gullies and associated risks, and the implications this has on PCG and 

 
1 Appendix 11, Section 32 Report, July 2022. 
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existing development. Preliminary recommendations for mitigation were 

proposed in this memorandum, but have since been updated through a multi-

disciplinary process involving the PCG technical expert team.  

(c) Proposed Stormwater and Stream Erosion Mitigation (28 August 2023) 

(Appendix C). This memorandum followed a number of workshops and 

discussions between the Council team of experts including Dr Adam Forbes 

(ecology), Mr Eric Bird (geotechnical), Mr Andrew Burns (urban design) and Ms 

Copplestone (planning) to discuss the preliminary stormwater controls 

identified. This led to further refinement and update of stormwater 

management controls within the gullies to ensure the effects mitigation 

hierarchy was applied to its fullest extent possible.  

(d) Technical Memorandum - Results of additional modelling incorporating the 

proposed mitigation measures (September 2023) (Appendix D). This 

memorandum documents the details added to the hydrologic and hydraulic 

models developed to inform the updated Stormwater Management Strategy.  

The modelling has informed updated sizing and locations of the detention 

ponds and sizing of bioretention devices in order to meet the design criteria.  

11. I am familiar with the site for PCG, having visited it on 7 November 2022 and 4 July 

2023. These site visits focused on the gullies and various receiving systems from PCG, 

taking note of the existing water features and evidence of erosion. 

Author 2 – Tony Miller 

12. My name is Anthony Thomas Miller.  I hold a degree in Engineering (Civil) from the 

University of Auckland received in 1980.   

13. I was a Chartered Professional Engineer CPEng from 2002.  My membership has 

recently lapsed as I am near retirement.  My practice area involves investigation, design 

and construction management of rivers and coastal protection, surface waters as well 

as water, wastewater, and stormwater reticulation systems. I am also a licensed 

International Professional Engineer (IntPE). 
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14. I am currently employed by GHD (and have been since 1990).  My current role is 

Technical Director (3 Waters). 

15. I have 50 plus total years of experience with 40 plus years in the civil engineering field.  

My background is in farming and forestry just north of this site and as such I am familiar 

with the topography, geology, soil types and rainfall patterns of the area. 

16. My experience as a civil engineer has spanned both construction and consulting 

engineering with an emphasis around 3 Waters. I have a specific interest in surface 

water, from investigation and modelling, river scour, coastal erosion and revetment 

systems, stream rehabilitation, to dam and hydro engineering including stormwater 

and irrigation pumps and their conveyance pipelines. In addition to infrastructure 

design my experience also includes hydraulic / hydrological modelling of stormwater 

for local government.  I have worked in the UK, North America, Australia, and the 

Pacific, with most of my career in New Zealand. 

17. As stated above, I grew up in the Manawatū and since 2015, I have been involved in 

several Palmerston North based projects, including for the Council. 

18. I have been involved with PCG since 2021. I was originally the mentor for the author of 

the Stormwater Management Strategy notified with PCG, Mr David Arseneau. 

Following Mr Arseneau’s departure from GHD in late 2022, I have continued as the 

Stormwater Discipline Lead, alongside Ms Baugham on the plan change. 

19. As part of my role, I authored or co-authored the reports referred to in paragraph 9(b), 

(c) and (d) above. I have also reviewed the Stormwater Management Strategy, before 

completing the additional work, alongside Ms Baugham, described in this report.  

20. I am familiar with the site for PCG, having visited it on three separate occasions since 

becoming the stormwater discipline lead in March 2023.  These site visits focused on 

the PCG and adjacent catchment areas, the gullies to which these catchments discharge 

to and various receiving systems from PCG, taking note of the existing water features 

and evidence of erosion.  I have also been employed through GHD to provide advice to 

the Council development engineer(s) on a number of individual stage developments 

currently under design/construction within (and outside of) the PCG area. 
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 CODE OF CONDUCT 

21. Both authors make the confirmation below.  

I confirm that I have read and agree to comply with the Code of Conduct for Expert 

Witnesses contained in the Environment Court Practice Note 2023. This technical 

report has been prepared in accordance with that Code. I confirm that I have not 

omitted to consider material facts that might alter or detract from the opinions that I 

express. The opinions I express are within my area of expertise, except where I state I 

am relying on the opinions of other reporting officers.  

 SCOPE 

22. This s 42A report addresses the stormwater management strategy in relation to PCG, 

including the following issues:  

(a) The effects of development in relation to stormwater runoff, flooding and 

erosion; and  

(b) The relevant planning framework.  

23. In preparing this report, we have had regard to the Engineering Standards for Land 

Development, Palmerston North City Council, Fourth Edition, March 2023. 

24. In addition to our own observations, we have relied on the following reports: 

(a) Aokautere Structure Plan: Ecological Features, Constraints and Restoration by 

Forbes Ecology, July 2021.  See Appendix 7, Section 32 Report, for PCG. 

(b) Aokautere Slope Stability: considerations for consenting, Tonkin+Taylor, May 

2022. See Appendix 9, Section 32 Report, for PCG. 

(c) The s 42A technical reports prepared by Dr Adam Forbes, Mr Eric Bird, Mr 

Andrew Burns and Ms Anita Copplestone.  

25. We have reviewed submissions and further submissions on PCG. Of particular note 

when considering our combined fields of expertise are submissions relating to: 

(a) Natural hazards – stormwater, flooding and erosion; and  
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(b) Climate change mitigation and adaptation. 

 BACKGROUND 

26. PCG seeks to rezone a new greenfield growth area to the south-east of Palmerston 

North for residential development and inserts an accompanying structure plan and 

provisions (objectives, policies, and rules) into the District Plan. The plan change will 

provide for additional housing supply in Aokautere (and the City), to help meet growth 

projections for Palmerston North over the medium to long term, while addressing the 

specific topography and environmental issues in Aokautere.  

27. Aokautere, the plan change area, exhibits a natural hilly terrain with a network of 

gullies and plateaus. The gullies ultimately discharge into larger streams that originate 

in the Tararua Range, specifically the Moonshine Valley Stream and the Turitea Stream, 

which flows around the plan change area to the Manawatū River. 

28. Although the plan change area is largely used for agricultural purposes, there are 

several areas of existing residential developments dating from the 1980s and onwards. 

Several small gullies have also been filled during construction of the existing 

developments. This existing development (and existing natural conditions) have led to 

poor stormwater outcomes, in terms of both downstream flooding and erosion.  

29. Given these conditions, stormwater management has been understood as a key issue 

in planning for development of the plan change area. The Stormwater Management 

Strategy was one of the key inputs into the Aokautere Masterplan process.  

30. Following the receipt of submissions and further submissions on PCG, we have revisited 

the Stormwater Management Strategy (and underlying modelling) and undertaken 

some further analysis with regard to: 

(a) The highly erodible geology of the area, which has been subject to deposition 

and recent uplift (recent in the geological timeframe context); 

(b) The changing climate and potential for larger and more frequent intense 

storms; 
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(c) The combined effects of urbanisation and whether the design criteria within 

the Stormwater Management Strategy, the accompanying proposed PCG 

provisions (including assessment criteria) and the Council’s Engineering design 

standards are appropriate to mitigate the effects of development; and  

(d) The effectiveness of proposed mitigation measures to control stormwater 

discharge to the receiving environment as set out in the PCG application 

documentation, including the cumulative effect of the pond discharges (when 

considered as one system) within the gully network (particularly Gully 1 and 

Gully 3), and whether further measures were required to meet the design 

criteria within the Stormwater Management Strategy.  

31. The generalised implications of urban development from a stormwater perspective are: 

(a) Increased areas of impermeable surface leading to increased volume of 

stormwater runoff from the land over a shorter period; 

(b) Reduced volume of stormwater infiltrating to the ground; 

(c) Downstream effects such as higher flows from comparable storm events 

leading to faster and higher flows with more erosive power; and 

(d) Upon reaching the flatter and lower areas of the catchment system, increased 

depth and ponding of this runoff leading to flooding. (We note that there are 

no habitable areas / dwellings in this lower portion of the catchment that 

would be susceptible to an increase in flood depths). 

32. The specific implications of urbanisation for the PCG area and adjacent catchments are:  

(a) The runoff from the catchment even prior to (and without) the proposed 

development will cause the gully floor to continue to down cut and erode;  

(b) Left unmitigated, increased runoff from the catchment will accelerate the rate 

of erosion; and 

(c) As down cutting continues, this will lead to valley sides/valley walls to become 

over steep leading to failure and slips.  This slip debris will eventually reach the 
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valley floor where this previously mobilised material will be removed by 

subsequent runoff flow in the streams. 

33. The mitigation measures proposed as part of the Stormwater Management Strategy, 

supported by the further measures identified following our (and other experts’) further 

assessment, are intended to address the above effects within the PCG area and 

adjacent catchments.  We discuss these in greater detail below.  

 INITIAL STORMWATER ASSESSMENT  

34. The Stormwater Management Strategy evaluates the risks to and impacts of 

development, as well as recommends the mitigation measures to appropriately service 

PCG. The stormwater assessment informing the Stormwater Management Strategy 

considered the flood risk, erosion risk and water quality requirements for the proposed 

development and recommended the following design criteria: 

(a) Control of runoff peak flows to pre-development levels2 for the 2-year, 5-year, 

10-year, 20-year, 50-year and 100-year ARI flows, to control flood risk (i.e., 

hydraulic neutrality).  

(b) Further control of peak flows as needed to match the pre-development erosion 

threshold exceedance, measured using a cumulative effective work index, in 

the Aokautere Church Stream (Gully 1), Moonshine Valley Reserve Stream 

(Gully 3), and Tutukiwi Reserve Stream.3  

(c) Treatment of the 90th percentile rainfall volume from impervious developed 

areas through a stormwater treatment device or multi-device system.   

35. The assumptions and methodology around the initial modelling carried out to inform 

the original Stormwater Management Strategy are outlined in the 2022 report.4 

Notably, pre-development conditions were established as the land conditions prior to 

any residential development within PCG area, including those limited areas of 

development constructed over the previous 20 to 30 years. As we discuss later in our 

 
2  Pre-development levels are described in paragraph 36. 
3  The ‘Cumulative Effective Work Index’ and its use in measuring erosion threshold exceedance is described in the 

Stormwater Management Strategy at 4.2.2. 
4  At 1.4 and 3. 
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report, existing development represents approximately 52% of the PCG area.  The 

scope of the strategy reflects the intention “…to effectively address all stormwater 

runoff in the study area and avoid the “grandfathering” of existing areas which would 

then incur a disproportionately high impact to the receiving environment.”5  

36. The concept design for the Aokautere stormwater management system was developed 

to mitigate the flood, erosion and water quality impacts identified and quantified in the 

Stormwater Management Strategy as a result of both future development and 

residential development in the last 20 to 30 years. In addition to meeting the proposed 

design criteria (including addressing the effects of existing and new development 

within the Aokautere catchments), the stormwater mitigation measures also needed 

to be responsive to design and ecological/environmental constraints. Relevant factors 

informing the nature and location of stormwater management measures, including the 

location of stormwater detention ponds, were (in summary):  

(a) The presence of highly erosive soils within the gullies, making them susceptible 

to erosion and sensitive to any changes in flow;  

(b) Slope stability, which impacted setback requirements and necessitated the 

capture of runoff along the gully slopes;  

(c) Perceived stream degradation;6 and 

(d) Existing vegetation, streams and wetland areas including sensitive 

environmental areas (i.e., areas of high vegetation or ecological value), 

including those identified for PCG by Council’s ecologist, Dr Adam Forbes.  

37. The concept design for the mitigation works was completed by our former colleague, 

Mr David Arseneau, and was included in the Stormwater Management Strategy. The 

mitigation proposed to meet the design criteria described above, included:7 

(a) stormwater detention facilities to mitigate both flood and erosion risk;  

 
5  Stormwater Management Strategy, at 3.1. 
6  When we say the stream degradation is ‘perceived’, we are referring to the attribution of that stream 

degradation to the development enabled by PCG – its cause is perceived. Our intent in using this wording is to 
convey that even if the effects of the development were mitigated, erosion would still continue. 

7  Stormwater Management Strategy, at 5.3 
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(b) roadside bioretention facilities;  

(c) a perimeter swale drain / buffer area at the top of the gully slopes to intercept 

surface runoff and protect the gully slopes from erosion;  

(d) stormwater reticulation designed for the 10-year ARI climate change flow 

(primary system); and the overland flow network8 designed for the 100-year 

ARI climate change flow (secondary system);  

(e) controlled discharge for the 100-year ARI climate change flow to the gully floor 

(i.e., no direct overland discharge down the gully slope); and 

(f) consideration of stream stabilisation to mitigate perceived impacts from the 

development9 and enhance aquatic habitat and community amenity.  

38. The above measures have informed the master plan process for PCG, including the 

structure plans and accompanying planning framework. Ms Copplestone addresses 

how these matters have been provided for within PCG, including the plan provisions. 

Our evidence discusses specific measures, like the stormwater buffer area, in response 

to submissions below. However, in our opinion, subject to the additional 

recommendations set out within this report and amendments to the plan provisions 

highlighted by Ms Copplestone, we consider that PCG gives effect to the Stormwater 

Management Strategy, and that the Structure Plan and plan provisions are appropriate.  

 FURTHER ASSESSMENT 

39. Following notification of PCG and receipt of submissions, concerns were raised around 

the erosive nature of the land including the gully systems and the effects of the 

development within the PCG area, and the function and location of the stormwater 

ponds. Submitters sought further assessment to better understand and provide further 

detail on the risks posed to the receiving system and mitigation required to address any 

effects. 

 
8  Piped networks are considered the primary system with a defined level of service (the pipes are sized for a certain 

event). In order to cater for those "over design" events, best practice is to include a secondary system in the 
form of designated overland flow paths. 

9  The Stormwater Management Strategy acknowledges that Aokautere Church Stream and Moonshine Valley 
Reserve Stream will remain highly sensitive to erosion in the future regardless of upstream development.   
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40. These submissions are addressed individually at Section H of this report– however, in 

summary, we have considered the following issues through further 

assessment/analysis: 

(a) Confirmation of the modelling assumptions informing the initial Stormwater 

Management Strategy, to ensure that effects were managed; 

(b) The potential for an over design event (i.e., the potential for storm events of 

greater magnitude with either higher intensity rainfall rate, or greater volume 

of total rain than that allowed for in the design) and any consequences of those 

events on the Stormwater Management Strategy and mitigation measures;  

(c) The relevant assessment period. This has been adopted as being the likely 

impacts over the next 100 years, with allowance for climate change;  

(d) Whether the original modelling was sufficiently conservative, given the highly 

erosive soils in the area, and the potential for scour and erosion to have an 

impact on gully floors over the next 100-years;  

(e) Review of the original Stormwater Management Strategy and proposed 

mitigation measures and determine its/their effectiveness including an 

assessment of whether further and/or different mitigation measures are 

required (including review of instream mitigation measures) to manage and 

limit the existing and future development impacts over the design period; and 

(f) Controls to ensure the proposed stormwater buffer / perimeter swale is 

protected at all times and that the runoff intercepted by this collection system 

will be conveyed to the base of the valley floors and released in a controlled 

manner with suitable energy dissipation.  

41. The methodology and modelling for the above analysis is described in Appendix D.  

Rainfall 

42. In response to the submissions on rainfall and the changing climate, further analysis 

has been undertaken on rainfall. This involved review of rain gauges near the PCG area, 

including Scott’s Road gauge to the south and two further gauges in the Ruahine ranges 
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to the north.  The period of assessment includes 2004, 2015 (in which there were 

significant rain events) and the recent Cyclone Gabrielle in 2023. 

43. In consideration of these significant rain events, the peak intensity adopted for the 

1% AEP event used in the modelling for the Stormwater Management Strategy (i.e., 

100-year ARI including climate change) was reviewed and is confirmed to have a higher 

total rainfall and higher peak intensity than the local historic rainfall reviewed.  

44. We are satisfied that the 100-year storm (including an allowance for climate change in 

accordance with PNCC’s Engineering standards) in the modelling reflect the likely 

maximum depth and intensity over the next 100-year design period. This is considered 

accepted best practice.  

Geology 

45. A further review of the geological setting of the area was also undertaken to 

understand the effects currently being observed (as raised in submissions) in the gullies 

and valley walls. The gully material is geologically young consisting of recently laid and 

recently uplifted material to form the river terraces seen today. The material has not 

undertaken any cementation or binding or metamorphic process. As such the material 

on the valley walls and gully floor is highly susceptible to erosion, with multiple 

instances of this erosion being apparent to the authors during their respective site 

visit(s). 

46. As such, the Stormwater Management Strategy identified controls to not only consider 

the flood risks, but the erosive risks as well. The strategy has been set to match pre-

development flows within Aokautere as it relates to the erosive forces of the flow; that 

is, the rate of erosion is not accelerated as a result of development. It is also important 

to note that erosion within the gullies will continue (that is, erosion is occurring 

regardless of development). Submissions have raised this continuing erosion within the 

gullies as a concern, and the stream erosion risk has been further considered by the 

authors of this report for the purpose of informing responses to submissions.  

47. This subsequent assessment identified the following matters: 
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(a) While the proposed stormwater controls proposed as part of PCG mitigate the 

effects of each sub-catchment, their cumulative discharge (i.e., all of the 

proposed ponds operating at once) needed to be considered further; 

(b) The extent of erosion likely to occur regardless of development will have 

effects that are more than minor; and 

(c) The consequence of the continuing erosion regardless of development, is likely 

to cause slope instability and erosion over the design period of 100 years. 

48. As erosion continues, it is our opinion that the streams will experience further 

downcutting. This will occur regardless of development within the plan change area; 

development will only affect the rate at which downcutting occurs. As such, the 

consequences of any downcutting was reviewed by Mr Miller to understand the 

implications it may have on not just the PCG area, but the wider area as well. This 

assessment estimated the predicted range of downcutting expected over the next 100 

years, with the results set out in Appendix D.  

49. Following on, the change in the gully floor and impact on the toe of the gully slope was 

evaluated by geotechnical experts. Mr Bird, Council’s geotechnical expert, addresses 

downcutting and geotechnical matters further in his s 42A report.  

50. Based on the predicted range of downcutting, Mr Miller reviewed the model to confirm 

the design criteria used and to check whether the effects were being appropriately 

managed. As with the original 2022 modelling, the pre-development scenario (i.e., land 

use to the year 2000) was confirmed to be prior to residential development, with the 

land assumed as being farmed. In addition, the pre-development scenario has used 

historical rainfall data, with post-development accounting for climate change. This not 

only provides a certain level of conservatism, but also helps mitigate any effects 

observed within the gullies arising from storm event size increases attributable to 

climate change as well as managing the effects of residential development within the 

past 20 years.  

51. The modelling has assumed (as was the case originally) that the proposed stormwater 

mitigation will limit peak flows up to the 90th percentile storm to pre-development 

levels while also limiting flows as needed to match the pre-development erosion 
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threshold exceedance (measured by a cumulative effective work index). This has been 

evaluated not only for the individual design events nominated in the design criteria set 

out above, but also using a continuous five-year rainfall simulation. The effects of a fully 

developed catchment during large rain events, with all stormwater ponds within a 

catchment having reached full capacity and discharging in unison (i.e., the cumulative 

effects during large rain events) have also been assessed and refined further since the 

original modelling to better represent the outlet controls. In doing so, the proposed 

controls are tested under realistic conditions where back-to-back rainfall events are 

likely to occur. The modelling results demonstrated the need for additional storage 

capacity within the ponds, and the storage volumes have subsequently been updated. 

52.  As stated above for the 90th percentile storm, appropriate attenuation and graduated 

release of stored water over time to match pre-development conditions has been 

achieved.  However, in larger events (e.g., 2-year, 10-year and 100-year events) the 

ponds are filled, and substantial flows occur through the dam service and emergency 

spillways. The impact of the flow exceedances in uncommon and rare events means 

that the rate of spill and flow will increase, depth and velocity will also increase 

substantially, however, the duration and frequency of these infrequent and rare events 

will be for limited periods of time. The revised Stormwater Management Strategy 

(which we discuss below) seeks to address these increases in all events up to the 100-

year event using a series of mitigation measures. 

53. As we have noted, refinements and additions to the stormwater controls proposed in 

the Stormwater Management Strategy have been proposed to supplement the original 

stormwater concept design. These changes will ensure that the design criteria and 

objectives set out in the Stormwater Management Strategy are met,10 while accounting 

for the updated modelling (including the predicted range of downcutting). 

54. The selection and design of these mitigation measures has been the consequence of a 

collaborative multi-disciplinary process. Through collective exploration and review of 

potential stormwater mitigation options, avoidance and nature-based solutions have 

been prioritised as far as possible.11 The agreed approach focuses on first avoiding, then 

 
10  Stormwater Management Strategy, at 5.1. 
11  These mitigations were designed following planning and ecological input from Ms Copplestone and Dr Forbes, 

respectively. 
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reducing and minimising the generation of adverse effects, through on-site control of 

stormwater contaminants and flows, planning controls, restoration of natural systems, 

and infrastructure works. The stormwater management measures attempt to minimise 

the need for watercourse stabilisation and restoration, in recognition of the important 

terrestrial and aquatic values in these ecosystems. The stormwater controls also 

minimise any loss of stream length to where it is only functionally necessary. 

55. The proposed stormwater management controls include:  

(a) Revegetating the gullies to help reduce the risk of erosion;  

(b) Avoiding direct discharge of stormwater runoff over the gully slopes through a 

stormwater perimeter swale prescribed within the District Plan provisions;   

(c) Reducing the impervious area limit as much as practicable to be 40% minimum 

permeable area for suburban areas and 25% for medium density. Based on the 

densities proposed in the Structure Plan as notified, as well as the existing level 

of development, the overall permeable area is estimated to be 37%, which is 

higher than the operative standard currently set in the District Plan of 30%;  

(d) Implementing water sensitive design elements to retain / reduce stormwater 

runoff on the plateaus, as well as incorporating additional storage within them 

to reduce the size of detention ponds (refer below);  

(e) Incorporating larger detention ponds that avoid areas of moderate to very high 

vegetative constraints and are located offline as far as practicable; and  

(f) Implementing in-stream stabilisation and erosion protection measures in 

limited reaches to reduce steep gradients and slow flow velocities.  

56. The impact on the upper gully systems are small and no further mitigation has been 

considered necessary with the exception of updated pond volumes. However, in the 

lower reaches of the larger catchments, namely Gully 1 and Gully 3, some additional 

instream stabilisation and erosion protection measures have been further considered. 

These measures include: 
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(a) Below Ground Dams (BGD). These have been included as an option to keep the 

low flow and high flow within the gully controlled to discharge at a particular 

and constant location and elevation within the gully floor.  The BGD prevents 

downcutting from occurring upstream from its constructed location.  The BGD 

allows for downcutting to continue on the downstream side of the dam 

through naturally occurring processes and this structure can include a spillway 

and fish passage to control the flow of the water. 

(b) Cascade Weirs (CW).  These engineered structures are constructed in the bed 

of the valley and accommodate both low flow but also high and extreme flow 

rates. They generally include a series of pools stepping down the valley and 

include for low flow passage of fish between each step up in the pool sequence.  

Each structure would fully contain a 10-year flow. In event of higher flows some 

maintenance is expected. 

(c) Attenuation/Detention Dams (DD). In addition to SW treatment, attenuation 

and detention dams have been included as mitigation options within the 

assessment. These DD receive low, medium and high inflows of runoff, store 

the accumulated water, then release the flow over an extended period. They 

work well until the dam is full in this regard.  

57. The above engineering works (BGD’s, CW’s and DD’s) are designed to reduce velocities 

and sediment transport during frequent rainfall events. The proposed stormwater 

controls within the gullies, and potential stream impacts, are set out in Appendix C.  

58. Care has been taken to avoid and limit works and structures in and around the 

waterways in the gully systems as far as possible. All proposed works are (conceptually) 

designed to ensure surface water flows are achieved and maintained and fish passage 

will be provided for and maintained. Where in-stream works are required, Dr Forbes 

has assessed freshwater offsets (at a high level) with regard to any residual adverse 

effects, and it appears there is sufficient freshwater habitat to achieve a no-net-loss, or 

net-gain, position for freshwater biodiversity within the plan change area .12 

 
12  Section 42A Technical Report - Dr Adam Forbes dated 15 September 2023, at paragraph 1(d). 
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59. For completeness, we note that as part of the options analysis described above, 

stormwater controls that were discounted include:  

(a) Rainwater tanks. While rainwater tanks are considered a sustainable solution 

in terms of water management, the correct use of rainwater tanks for onsite 

detention is difficult to regulate and for this reason are not recommended as a 

central stormwater control method for large greenfield development. For 

example, rainwater tanks are often used for non-potable water purposes, so 

individual landowners may modify the rainwater tanks to store water and 

therefore will not have any capacity during rainfall events. Further, since these 

will be privately owned it is difficult for Council to ensure they are kept empty 

in order to receive and store runoff in the next rain event.  

(b) Permeable pavements. Large areas used to retain water onsite through the act 

of infiltration (e.g., permeable pavers) could result in super-saturated soils. 

Given the known geotechnical risks, this was not a recommended site-wide 

management strategy. However, this could still be implemented to reduce the 

amount of storage required if supported with sufficient geotechnical advice.  

60. The Stormwater Management Strategy manages the entire plan change area, including 

existing residential development, and provides for water quality treatment and 

attenuation of runoff prior to discharge. It will directly lead to the vesting and 

protection of the natural stream systems within the gullies over the long term for 

conservation and amenity purposes. The need for stream restoration/stabilisation 

work has been considered in greater detail following submissions, with further 

recommendations incorporated into the Structure Plan (with a revised slope setback, 

as discussed in Mr Bird’s s 42A report) and the Stormwater Management Strategy to 

address the ongoing existing erosion issues in the Aokautere area. 

61. Once the mitigation is adopted, it is our opinion that the Stormwater Management 

Strategy will work to ensure the original design criteria are met.13  

 

 
13  As set out above at paragraph 34. 
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 SUBMISSIONS 

62. We have identified a number of issues raised in submissions and further submissions, 

which we address in detail below. 
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

(1) Increase in flooding and erosion in 
Moonshine Valley Stream 

• Inga Hunter, S17.001 

• R & J Stevens, S34.001 

• Nathan Meyer, S36.001 

• A & R Gear, S39.005 and 006 

• R & A Gear, FS15.004 

• Gill Welch, S49.004 

• Larry Harrison, S53.001 

• Barry Scott, S54.002 

• Elizabeth Fisher, S80.001 

• Gaylene Tiffin, S85.001 

• Colin Perrin, S90.002 

• Sara Burgess, S98.003 

The addition of housing above Moonshine Valley 
Road will result in additional stormwater runoff 
to an area that is already vulnerable to erosion. 
S17 expressed concerns around the functionality 
of the detention ponds, especially during winter. 
Some submitters also expressed concern around 
the multi-unit dwellings proposed and the 
increase in stormwater runoff. S39 raised 
particular concern regarding the effects of 
additional runoff and erosion to Bryant’s Bridge 
on Aokautere Drive.  

Decision requested is to prevent housing 
between the last gully before the start of the 
downhill slope and the hill, and for this area to 
be made a reserve instead. FS15, S39, S80, S90 
and S98 requested a minimum section size of 
1ha; S53 requested a minimum area of 0.5ha.  

The Moonshine Valley Stream has highly erosive 
soils, and is therefore vulnerable to increases in 
flows.  

While there have been requests for increases in 
lot size to help reduce the downstream effects, it 
should be noted that downcutting is anticipated 
to occur regardless of development. This is 
because of the properties of the soils present. In 
our opinion, limiting further development will 
not accelerate the erosion, but it also will not 
prevent future erosion. 

The Stormwater Management Strategy proposes 
to help mitigate the effects of existing 
development, thereby improving the erosion 
currently being witnessed by residents off 
Moonshine Valley Road. Based on the lot pattern 
and density maps as notified (Map 7A.4B), 
existing development represents approximately 
52% of the PCG area. The Stormwater 
Management Strategy proposes to mitigate the 
effect of existing development upstream of 
Moonshine Valley Road.  

Risks posed to existing infrastructure (i.e., 
existing culverts) have since been highlighted and 
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

added to the Stormwater Management Strategy 
through the updated stormwater concept 
design/mitigation.  

(2) Setback of homes along the top edge of the 
gully embankments  

• Inga Hunter, S17.001 

• A & R Gear, S39.005 

• Brett Guthrie, S41.008 

• Barry Scott, S54.002 

• Steve Welch, S65.001 

• S & Yann Le Moigne, S71.003 

• Wayne Phillips, S78.001 

• Elizabeth Fisher, S80.001 

• Colin Perrin, S90.002 

• Sara Burgess, S98.003 

The increase in housing density close to the edge 
of the gully embankment will increase the risk of 
landslides. S17 expressed particular concern to 
both new and existing homes on Moonshine 
Valley Road. S39 noted that soil saturation will 
increase the risk of landslides.  

Decision requested by S17 is to require more 
space be left between housing and the edge of 
the hill to Moonshine Valley Road, and using the 
last gully as the edge to the housing with water 
drainage to the main road and large stormwater 
drains so that there is no possibility of water 
coming over the edge.  S39 and S98 requested 
15m setback and limit of two storeys only, as 
well as 1ha minimum lot size in the land adjacent 
to Moonshine Valley. S54, S80 and S90 requested 
a setback of 15m in the land adjacent to 
Moonshine Valley, whilst S71 requested 30m 
setback and S78 requested 10m with a further 
5m setback to the building line.  

S65 discusses buildings being located just outside 
the 5m stormwater setback. However, the 5m 
stormwater setback is only part of the total 
setback which will be required for each lot within 
the plan change area. The setbacks presented in 
the Structure Plan are comprised of several 
different inputs, which include stormwater 
controls, geotechnical risks and visual impact. 
Increasing the buffer to 10m or 15m is therefore 
unnecessary for stormwater purposes.  The issue 
of setbacks, particularly in relation to non-
stormwater related effects, is more fully 
discussed by Ms Copplestone. 

The 5m setback identified in the Stormwater 
Management Strategy is to provide a laneway / 
buffer to intercept, collect and convey 
stormwater runoff and discharge it directly to 
the bottom of the gully in a controlled manner. 
This will aid in reducing the erosion of the gully 
embankments currently observed by submitters 
due to surface runoff discharging along the tops 
of the gullies, in addition to managing the 
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

additional runoff generated by development. 
Equally, the full stormwater buffer width set out 
in the Stormwater Management Strategy may 
not be required as long as it provides sufficient 
width for access and maintenance. That is, an 
effective cutoff drain sized for the 1% AEP (plus 
climate change) can be designed to fit within a 
smaller corridor.  

As discussed above, the purpose of the 5m 
setback is to collect and convey the stormwater 
runoff to a controlled discharge point. As such, it 
is not expected that this area will retain any 
water, and therefore risk of soil saturation 
should be low. This will need to be considered as 
part of the subdivision design, as it is likely that 
these 5m setbacks will also be located within 
Class D land (as defined in Map 10.1A). 

(3) Multi-unit dwellings  

• R & J Stevens, S34.001 

• Nathan Meyer, S36.001 

• Marie Thompson, S38.002 

• Brett Guthrie, S41.008 

• Sonya Park, S44.001 

• Russell Poole, S68.004 

Multi-unit dwellings adjacent to rural land will 
impact properties already suffering from erosion.  

Decision requested is to remove multi-unit 
dwellings on the promontories. S38 requested 
single storey housing on larger sections. S44, S68, 
S72 and S80 submissions related specifically to 
the area adjacent to Moonshine Valley Road, and 

Areas zoned for multi-unit dwellings may have a 
greater volume of runoff depending on the site 
coverage requirements. In general, building “up” 
rather than “out” will not increase stormwater 
runoff. As the lot sizes for medium density areas 
will be smaller (minimum 150m2), site coverage 
will be higher. This will have implications for 
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

• Kerry Park, S72.001 

• Elizabeth Endres, S74.001 

• Wayne Phillips, S78.001 

• Elizabeth Fisher, S80/001 

suggested shifting the multi-unit housing away 
from the reserve areas. 

permeability coverage, which will need to be 
considered at the time of development.  

Minimum permeable area requirements are 
being recommended for both medium density 
areas and suburban low density areas. We 
understand that Ms Copplestone has 
recommended that the promontories are 
developed for suburban low density housing 
(with an option retained for multi-unit).  If the 
promontories are developed for suburban low 
density housing, it is likely they will have more 
permeable areas than previously envisaged.   

(4) Lack of available information 

• Heritage Estates 2000 Ltd, FS18.016 
through 019, 021 through 024, 026 
through 029 and 031 through 033 

• Steve Welch, S65.003 

The technical information presented in relation 
to erosion, geotechnical and stormwater is 
insufficient to enable the submitter to peer 
review the evidence. Furthermore, the 
parameters and inputs into the flood modelling 
have not been made available to the submitter.  

S65 stated that they were unable to understand 
the strategy, and therefore opposed the strategy 
as it relates to “water storage tanks” and their 
positioning.  

A memorandum detailing the methodology 
adopted for the stormwater modelling is at 
Appendix D.  

In our view, the Stormwater Management 
Strategy is robust and sound. Additional work to 
support that Strategy has been undertaken in 
light of submissions, including further modelling. 
The Stormwater Management Strategy retains its 
original approach, but additional controls have 
been proposed to ensure the design criteria are 
met, and anticipated outcomes achieved.  
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(5) Effects on adjacent land 

• Prasika Reddy, S21.001 

• Gill Welch, S49.004 and 005 

• Waka Kotahi NZ Transport Agency, 
FS16.001 

• Steve Welch, S65.005 

• Russell Poole, S68.006 

• Colin Perrin, S90.002 

The stormwater assessment does not address 
the effects on the land adjacent to the PCG area. 
S49 specifically raised concerns around the 
stormwater ponds and the effect this will have 
on areas normally dry. S65 raised similar 
concerns relating to their forested areas and how 
the proposed ponds will affect the root system.  

Decision requested is to have a stormwater 
assessment carried out for the residents of 
Moonshine Valley and Whiskey Way who border 
the development. FS16 asks that further 
investigations be carried out to better 
understand the potential flooding and 
stormwater hazards on existing infrastructure, 
such as State Highway 57.  

The Stormwater Management Strategy included 
an erosion threshold analysis, which looked at 
the erosion potential within the surrounding 
gullies. The controls proposed in the notified 
Stormwater Management Strategy sought to 
control peak flows from both existing residential 
and future development as part of PCG so as to 
maintain the erosion exceedance to pre-
development levels (prior to existing residential 
development). This was evaluated using actual 
rainfall data over a 5-year period.  

Further work was undertaken to consider the 
issues raised in submissions.  This included 
modelling the effects of a fully developed 
catchment during large rain events, with all 
stormwater ponds within a catchment having 
reached full capacity and discharging in unison 
(i.e., the cumulative effects during large rain 
events). The results of this modelling 
demonstrated the need for additional storage 
capacity within the ponds. The storage volumes 
have subsequently been updated and the 
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findings of this further assessment included in 
the Stormwater Management Strategy.  

However, as is standard practice, it should be 
noted that the updated volumes will still need to 
be confirmed as part of subdivision based on the 
subdivision layout, catchments, lot sizing, etc.  

(6) Practicality of having detention ponds on the 
plateaus 

• Ee Khen Ang, S30.001 

• A & R Gear, S39.007 

• Colin Perrin, S90.002 

The detention ponds will reach capacity by mid-
winter and overflow to the gullies, creating 
erosion. In addition, there is risk should these 
ponds fail and release a large volume of water 
down the gully embankment.  

S30 raised concerns around the specific siting of 
a pond located along the top of their property.  

Conceptual locations and footprints for 
stormwater detention areas to mitigate flood 
and erosion risk have been proposed, having 
regard to a range of factors identified in the 
Stormwater Management Strategy. Where 
possible (i.e., when not constrained by other 
factors), stormwater controls were located in 
those gullies which are less ecologically sensitive.  
This means selecting the more modified gullies 
with low sensitivity in terms of vegetation types 
and along ephemeral stream reaches, rather 
than permanent or intermittent stream reaches.  

In some areas this is unavoidable, and therefore 
ponds have been proposed on the plateaus 
themselves.  In response to the submitters 
concerns, the risk of failure is low because:  
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- The proposed detention ponds are sized 
for the 1% AEP event including climate 
change. The number of times the pond 
will be full to the emergency spillway 
level is very low.  
 

- The ponds will be designed to 
continuously drain over time. Once the 
ponds fill during heavy rain, they will 
discharge over an extended time until 
empty. 

In the winter and in summer the ponds will 
always completely drain.  However, during back-
to-back large rain events and in over design 
events the ponds may not be completely drained 
at the commencement of the subsequent rain 
event.  A long term 5 year simulation has been 
carried out based upon historic rainfall from the 
2011 to 2016 period.  This showed that the 1% 
AEP event was a worse event with higher pond 
storage levels.  It is conceivable that even higher 
pond storage volumes could occur in an over 
design event. It is recommended that a long-
term simulation be carried out during the 
detailed design of the ponds to reduce the 
likelihood of a pond reaching the emergency 
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spillway level.  This is similar to what was carried 
out under the Stormwater Management 
Strategy. If necessary, modifications to the pond 
size could then be undertaken at the detailed 
design stage to account for the results of these 
simulations. 

(7) Increase in stormwater runoff 

• Chris Teo-Sherrell, S43.001 

• Michael Poulsen, S46.001 

• Christine Scott, S55.002 

• Horizons Regional Council, S60.005 

• Gareth Orme, S75.001 

• Manawatū Branch of Forest & Bird, 
S97.003 

Development and increase in hard surface area 
will increase stormwater runoff. S75 noted the 
need for a whole-of-catchment approach.  

Decision requested is to limit the impervious 
areas, to consider on-site rainwater detention 
features, require rain gardens and other water 
sensitive design features, and the detention 
ponds to attenuate flow and detain sediment.  
S46 specifically highlighted the need to break up 
and minimise large, paved areas to avoid 
significant volumes of runoff. S55 requested that 
the size of lots be increased and density reduced.  

It is recommended that the following be required 
to limit the increase in stormwater runoff 
generated by future development:  

- Impervious area be limited. That is, 
medium density areas to have a 
minimum 25% permeable area and low 
density to have a minimum 40% 
permeable area.  

- Road corridors be designed in 
accordance with the Structure Plan, 
which includes provisions for rain 
gardens and other low impact water 
design facilities.  

- The gullies be planted to both reduce 
surface runoff and erosion risk.  

Consideration of other water sensitive design 
features should also be incorporated into 
development. As noted earlier, onsite storage in 
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the form of rainwater tanks and stormwater 
retention (the act of retaining water onsite) have 
not been recommended as part of the 
Stormwater Management Strategy generally.    

(8) Stream erosion 

• Horizons Regional Council, S60.003 

• Manawatū Branch of Forest & Bird, 
S97.006 

Due to risk of erosion in waterways, consenting 
requirements need to be determined prior to 
development. S60 states that information sought 
will include stream stabilisation measures, 
discharge locations and sizes, etc. A maintenance 
strategy may also be required.  

S97 recommends that river corridors be 
designated to ensure streams aren’t channelised.  

Stormwater mitigation measures need to be 
carefully considered in relation to staging and 
consenting. It is recommended that the 
stormwater ponds within Gullies 1 and 3 that 
service multiple developments be Council-led 
projects, and that these be in place prior to any 
new upstream development. In addition, it will 
need to be understood that any subsequent 
development within the catchment must occur in 
accordance with the relevant Stormwater 
Management Plan. It is recommended that the 
stormwater management plans developed for 
development include a detailed maintenance 
programme.  

Concern was also raised around stream 
modification. We have discussed in-stream works 
above. The Stormwater Management Strategy 
will need to be updated to identify some of the 
proposed stream restoration measures, which 
includes simple stabilisation to reduce the 
gradient of the stream and isolated areas of bank 
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stabilisation at bends that are prone to erosion. 
There is no intention to confine the stream 
within the existing channel. Surface water flows 
will be maintained and fish passage will be 
provided and maintained. 

(9) Stormwater management 

• Horizons Regional Council, S60.005 

• Wayne Phillips, S78.001 

• Ben Somerton, S83.005 

• Manawatū Branch of Forest & Bird, 
S97.002 through 004 

The Conclusions and Recommendations from the 
Stormwater Management Strategy report must 
be stringently followed, especially in the 
northeast portion of PCG area.  

S60 requested that the mitigation measures are 
completed prior to inhabitation. 

S78 requested the detention ponds be replaced 
with a fully piped system across the rear of the 
properties that discharge directly to the four 
discharge locations.  

S83 commented that the gully crossings will need 
to cater for high flows and therefore may need to 
have a large diameter.  

S97 requested that provisions be in place to limit 
the volume of sediment during construction. 
That is, the area being worked on is limited. 
Furthermore, stormwater management systems 

In order to properly manage the effects of 
development, it is recommended that all 
stormwater management controls/mitigation are 
in place prior to development. Note that this will 
require controls during construction of any 
subdivision to protect any downstream 
stormwater controls.  

Due to the storage volumes required to manage 
the effects of development, ponds are the only 
economical stormwater control. This could be 
coupled with piped reticulation, but are unlikely 
to replace the need for ponds altogether.  

Cutoff swales at the top of the gullies are 
required to prevent stormwater runoff eroding 
the sides of the gullies.  

Piping stormwater discharge down the gullies 
was previously considered, however ecological 
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be installed prior to development. S97 also 
requested that consent conditions be put in 
place to manage the effects of development. This 
includes proactive monitoring to improve water 
quality and river habitat rather than waiting for 
degradation to occur.  

and environmental concerns have discounted 
this option.  

Due to the sensitivity of the gullies and erosivity 
of the soils, proactive monitoring of the gullies 
will be essential.  

In addition to the ponds and impervious limits, 
we also recommend that Council consider 
utilising the raingardens required as part of 
development to also provide attenuation. That is, 
the raingardens be lowered to enable ponding up 
to 300mm deep during rainfall events, to provide 
for slower release of stormwater into the gullies. 

(10)  Prescribed management 

• Heritage Estates 2000 Ltd, FS18.042 and 
034 

• Heritage Estates 2000 Limited, S51.028 
through 031, 036 

• CTS Investments Ltd, Woodgate Ltd and 
Terra Civil Ltd, S58.004 

FS18 and S51 state that specific design solutions 
imposed through the Structure Plan will make it 
difficult to develop should the effects of PCG be 
different in nature to those envisaged by the 
masterplan process. The submitters believe that 
it prevents or restricts innovative alternatives 
and flexibility. The added wording in Policies 4.6 
through 4.9 and 5.4 relating to this is opposed by 
FS18 and S51 in relation to the words around the 
Structure Plan.  

The ultimate stormwater infrastructure will be 
dependent on the nature of the development 
within the catchment, and is influenced by 
factors such as density, typologies and roading 
layout. It will also be dependent on specific site 
constraints, which relate to hydrology, geology 
and ecology. The level of direction within the 
Structure Plan is considered appropriate. The 
Structure Plan and provisions need to adequately 
highlight the risks associated with developing the 
plan change area and provide the necessary 
controls to ensure development occurs 
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S58 opposes the proposed wetland area on the 
terrace as they believe adequate provision can 
be provided in the gullies, thereby not taking up 
developable land.  

responsibly. The Stormwater Management 
Strategy is an example of how development 
could occur to show the feasibility of developing 
the land in accordance with the Structure Plan (in 
a manner that appropriately manages effects), 
but is a conceptual design of stormwater 
detention and water quality treatment facilities 
and may be subject to refinement over time. 

(11)  Vestment of gullies to PNCC 

• PN Industrial and Residential 
Developments Ltd, S45.010, 011 

PCG requires that gullies are vested at the 
earliest subdivision opportunity, with little to no 
regard for how these will be accessed by Council 
for maintenance, enhancement and installation 
of public access infrastructure.  

Decision requested is that the gullies be vested 
where they are contiguous to an area of land 
sought to be developed.  

We can only comment on this submission within 
our area of expertise.  

We agree the gullies need to be vested early on 
and with sufficient access for construction of 
stormwater controls and for ongoing 
maintenance.  

(12)  Level of service requirements 

• PNCC, S50.007 

• Jill White, S67.001 

• Rangitāne O Manawatū, S77.010 

• Bruce Wilson, S105.022 

“ARI” is used in the proposed provisions but not 
defined anywhere. Decision requested by S50 is 
that the following definition be provided: 
“Average Recurrence Interval (ARI) means the 
average time period between floods of a certain 

Whilst the definition of the ARI is technically 
correct, we do not recommend using it as it 
could be misleading in terms of understanding 
probability and risk. It is important to remember 
that the rainfall event used to inform stormwater 
designs is based on the probability of an event 
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• Manawatū Branch of Forest & Bird, 
S97.001 and 005 

size. For example, a 100-year ARI flow will occur 
on average once every 100 years.” 

S67 and S105 requested that climate change 
considerations be brought to the fore when 
making stormwater management decisions. S97 
requested that the plan allows for the most up to 
date information be used as climate change 
projections change.  

S77 only commented that flood mitigation ponds 
are not to be confused with water quality 
treatment devices.  

S97 requested that an assessment against 
NPSFM needs to be undertaken.  

occurring at any given time, and not strictly the 
frequency at which it occurs.  

Our recommendation would be to move away 
from using the term “ARI” and instead switch to 
“AEP”, or “Annual Exceedance Probability”. This 
is given as a percentage, and typically defined as 
the probability of an event occurring in any given 
year. As such, the 100-year ARI is the same as the 
1% AEP, and the 50-year ARI is the same as the 
2% AEP. Further a 1% AEP has a 1% chance of 
occurring in any 1 year but a 63% chance of 
occurring in a 100 year period. 

We agree that climate change needs to be 
considered. In order to ensure that the latest 
information is considered with regards to climate 
change, we would recommend referencing 
PNCC’s Engineering Standards, which are 
regularly updated by the Council.  

In our opinion, stormwater quality controls and 
quantity controls can be provided together. In 
saying that, it is important to note that 
stormwater quantity controls should not 
adversely affect the quality controls, which may 
be why S77 has requested this delineation. 
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

Under item (9) we recommend that Council 
consider utilising rain gardens to also provide 
attenuation.  

The conceptual design of the stormwater 
management controls have had regard to the 
NPS-FM, and in particular, the recent proposal 
has resulted from an approach of avoiding, then 
reducing and minimising the generation of 
adverse effects, through on-site control of 
stormwater contaminants and flows, planning 
controls, restoration of natural systems, and 
infrastructure works . In-stream works have been 
limited as far as possible, and interventions have 
been sensitively designed, with an offset package 
considered feasible on the advice of Dr Forbes. 
Ms Copplestone comments further on the NPS-
FM in their section 42A reports.  

(13)  Rule 7.15.2.1 

• Heritage Estates 2000 Limited, S51.014 

Performance Standard (c) is not supported in its 
current form. The submitter seeks more 
appropriate text.  

We do not recommend any further changes 
beyond what has been discussed and agreed 
with the Council’s planning expert Ms 
Copplestone, and as presented in her evidence.  
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

(14)  Section 7A Objective 3  

• PNCC, S50.008 

Objective 3 does not explicitly address natural 
hazards, but the proposed policies underneath it 
do.  

Decision requested is to amend Objective 3.  

While this references natural hazards, we 
consider that this is a planning matter that Ms 
Copplestone is best placed to address.  

(15)  Section 7A, Policy 4.6, 4.8, 4.9, 5.15, 6.6 

• CTS Investments Ltd, Woodgate Ltd and 
Terra Civil Ltd, S058.014 through 016, 
024, 025 

• Rangitāne O Manawatū, S77.010 

S058 are opposed to the entire directive 
approach of the Plan Change and the 
implications for the Plan provisions.  

Conversely, S77 supports Policy 4.6, 4.8 and 6.6 
as notified. S77 however requests that Policy 4.9 
clarify to ensure that flood control devices are 
differentiated from water quality treatment 
devices.  

No specific amendments or clarifications on their 
concerns is provided.  

Regarding Policy 4.9, the policy could be revised 
so as to highlight that stormwater quantity 
control must not adversely affect the operation 
of the stormwater quality controls. 

(16)  Rule 7A.5.2.2 Performance Standards (g) and 
Rule 7A5.2.3 Performance Standard (d) 

• Heritage Estates 2000 Limited, S51.065 

• Rangitāne O Manawatū, S77.028 

The submitter has concerns in relation to the 
technical reports and that the requirements for 
both flood modelling and transport network, 
including climate change effects, are unclear.  

Conversely, S77 supports R7A.5.2.2.  

The Stormwater Management Strategy is to be 
updated to reflect the changes recommended 
following the review of submissions and further 
assessment/analysis. Further, the plan provisions 
have been reviewed in conjunction with Council’s 
planning expert.  The updated provisions are 
presented as part of Ms Copplestone’s evidence.  

(17)  Provisions for flood management Horizons flood modelling shows most of the 
modelled flood risk is within or near the 

We consider that the additional work described 
in this report addresses the matters in Policy 9-2 
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Topic & Submission Point Reference Submitter Concerns/ Requested Mitigation Comment 

• Horizons Regional Council, S60.002 and 
004 

waterways and within the gully system, however 
Council’s flood modelling should take 
precedence.  

Decision requested is that provision for flood 
managements is included that gives effect to One 
Plan Policy 9-2, as well as stormwater 
management is demonstrated to achieve an 
outcome that is consistent with One Plan Rule 
14-18.  

and Rule 14-18 of the One Plan . Particular 
attention has been paid to the management of 
erosion and flooding arising from development, 
and expected outcomes are described in section 
H above. 
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 RECOMMENDATIONS 

63. For the reasons we set out above, we recommend the following changes to the 

Stormwater Management Strategy and the PCG Structure Plan/plan provisions: 

(a) Any consequential impacts on the 20 and 30 degree no build lines arising from 

the changes in erosion projections for the gullies described in Appendix D; 

(these changes are to be addressed by Mr Bird in his s 42A report); 

(b) Updates to the mitigation measures to reduce runoff, as described in Appendix 

D, including: 

(i) The potential for an increased number of ponds and total combined 

storage; 

(ii) Further recommendations for top of terrace ponds and rain gardens; 

and  

(iii) Higher permeability requirements.  

(c) Further detail should be included in the Stormwater Management Strategy on 

potential mitigation measures in the major gullies to prevent downcutting over 

the design life, including the following potential options: 

(i) Cascading weirs; 

(ii) Additional detention and attenuation ponds both online and off-line; 

(iii) Bottom of pond oversized habitable culverts and spiral fish ladders; 

and 

(iv) Below ground dams. 

(d) Top of terrace works, including: 

(i) A fully reticulated primary stormwater collection system (as before); 

(ii) A secondary overland flow path collection and conveyance to intercept 

all flow up to the 1% AEP event and an ability to convey or pipe this 
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flow either to the top of terrace pond or to a let-down structure to 

discharge the captured flow to the gully floor in a near tranquil state 

(as before); and 

(iii) Perimeter swales / collection system to intercept runoff from the rear 

of each lot, with a piped system to the pond and a let-down mechanism 

to allow discharge of water to the gully floor in a near tranquil state (as 

before). 

64. In terms of the PCG provisions, we recommend the following amendments: 

(a) Perimeter stormwater swale: We recommend that there is flexibility on 

whether this should vest in the Council, or whether an easement would be 

sufficient. The width, depth and geometry of the drain will be dependent on 

the size of the catchment.  We make the following recommendations: 

(i) The swale should be designed to accommodate the 1% AEP storm 

event (including climate change).   

(ii) An easement width (‘setback’) of 5m should be anticipated, but the 

final width should be confirmed as part of the subdivision design when 

the lot layout and catchments are determined.  

(iii) We have prepared a cross-section that demonstrates the potential 

geometry of this perimeter swale (see below).  In general, our example 

swale assumes 1:5 side slopes and a 1 metre base width.  The swale 

will be grassed and this side slope angle provides for the swale to be 

safely mowed.   

(iv) The swale should be positioned within a 5 metre setback commencing 

at the 25 degree or 1:4 maximum slope of any gully edge, where this 

adjoins residential or commercial lots.   

(v) The swale is not necessary where roads adjoin the gully edges, as the 

roading corridor provides for stormwater collection and conveyance.  

The swale is intended to intercept, collect and convey stormwater from 

rear and side yards to a central discharge point.  Runoff from the front 
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of lots will be conveyed to the roading stormwater network and 

roading corridor. Checks will need to be undertaken at individual 

subdivision stages to ensure the intent of this provision is captured 

prior to stage approval being given. 

(vi) If the swale is provided within a private lot, restrictions on use and the 

requirement for unrestricted access for maintenance will need to be 

recorded on a consent notice.  No structures, earthworks or 

landscaping will be permitted within the 5 metre setback, or any other 

activities or works that would obstruct or prevent the functioning of 

the swale.  The swale will be maintained by Council.  

(vii) We recommend that the cross-section of the swale set out in Appendix 

E is inserted in the District Plan, alongside further policy direction on 

the function, purpose and restrictions on use of the swale corridor.  We 

understand that Ms Copplestone has recommended plan provisions to 

achieve this.   

(b) Key design criteria: The design specifications in the Stormwater Management 

Strategy remain valid and are specified in the policy framework and 

performance standards for stormwater management plans. We have 

recommended some minor changes to the structure of the plan provisions to 

make these clearer, and to ensure that a stormwater plan is prepared, which is 

consistent with the stormwater reporting requirements, for any development 

proposal that is brought forward (i.e., regardless of whether it is preceded by 

a subdivision application). 

(c) Restriction on development: No development should commence in the 

upstream catchment until the necessary receiving infrastructure is in place. We 

have recommended some minor changes to the provisions to make it clear that 

residential development should not commence until the stormwater 

mitigation works, including those in the gullies, are in place to receive and 

manage runoff.   
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(d) Permeable surfaces: We recommend that a performance standard is added for 

minimum permeable surfaces. We have discussed with the Council experts a 

workable performance standard tailored for medium density (25% net site 

area) and low density (40% net site area) sites.  This compares with the 

operative District Plan permeable standard of 30% net site area for standard 

suburban sites.  

(e) Stormwater ponds: We have reviewed the locations and volumes of the 

proposed stormwater ponds, in conjunction with Mr Burns, and on the basis of 

geotechnical advice from Mr Bird and ecological advice from Dr Forbes.  The 

revised Structure Plan provided with Mr Burn’s S42A report shows the revised 

locations, and indicative sizing for these ponds, noting that final siting and 

sizing will be dependent on the subdivisions layout.  

Allison Reiko Baugham and Tony Miller 

15 September 2023 
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• Appendix A: Stormwater Management Strategy: Plan Change G - Aokautere 

(GHD, 23 May 2022) 

• Appendix B: Stormwater Expert Evidence – Stream Erosion Assessment 

Summary (Rev 4, Reiko Baugham and Tony Miller, 22 June 2023) 

• Appendix C: Proposed Stormwater and Stream Erosion Mitigation (Reiko 

Baugham and Tony Miller, 28 August 2023) 

• Appendix D: Model Update – Technical Memo: Aokautere Plan Change G 
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1. Note, I/I24 represents the nested design storm ratio of intensity for the specific time step to the 24-hour intensity for the 
appropriate ARI. 



PNCC ESLD





Technical Guidelines for 
Flood Hazard Mapping







1. The discharge point may include smaller upstream discharge points, as indicated in the naming of the catchment.

2. Discharge points B05-2, B05-3 and B05-4 as well as B05-5, B05-6, B05-7 have the potential to be combined into centralized
storage areas; as such, the required storage volumes for these groups of outlets have been lumped together.



 



 

 



1. based on visual estimate (2019) and checked using technique outlined in Chow (1959)
2. according to Komar (1987)
3. according to Miller et al. (1977)
4. from tables in Chow (1959)
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Note that the total simulation time extends over 5 years, totalling approximately 43,848 hours.

Note that the total simulation time extends over 5 years, totalling approximately 43,848 hours.



1. The % Change figure is calculated for uncontrolled and controlled post-development conditions relative to pre-development conditions.



1. The % Change figure is calculated for uncontrolled and controlled post-development conditions relative to pre-development conditions.

1. The % Change figure is calculated for uncontrolled and controlled post-development conditions relative to pre-development conditions.







1. The runoff coefficient (c) is derived from the proportion of impervious area (i) using the equation c = 0.05 + 0.9i, based on typical
industry guidance

2. The water quality volume is determined using the 90th percentile rainfall depth of 15 mm, as shown in Figure 4.3





Note: bioretention, and flood storage footprint and volume values are rounded up to the nearest 10.

1. Bioretention footprint and permanent pool volumes reflect alternate approaches to achieving water quality treatment targets and can
be considered mutually exclusive.

2. Bioretention footprint was determined using an assumed infiltration rate for engineered filter media of 1,000 mm/hr and a safety factor
of 0.5 to account for potential clogging.

3. 100-Year ARI storage footprint was determined assuming a 2 metre maximum storage depth for the 100-year ARI flow, including a
0.3 m freeboard, and accounts for flood control only, not water quality treatment. Required volumes have been listed previously in
Section 4.1.

4. Total values do not include the minor discharge locations that contribute to downstream discharge points (i.e., A05-1, A05-2, etc. are
counted in A05).







in
addition to

Note: permanent pool and flood storage footprint and volume values are rounded up to the nearest 10.
1. Only discharge points with minimum 5 ha catchment area were assessed.
2. Permanent pool volume is equivalent to Water Quality Volume (WQV) summarized in Table 4.5.
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Total Exceedance Time = 5131 hrs
% Exceedance Time = 11.7
Number of Exceedance Events = 169

Cumul. Effective Discharge(m3) = 8.908E+05
Cumul. Effective Work Index(J/m2) = 1.737E+08

 (Red)
Total Exceedance Time = 3924 hrs
% Exceedance Time = 8.9
Number of Exceedance Events = 263

Cumul. Effective Discharge(m3) = 9.188E+05
Cumul. Effective Work Index(J/m2) = 1.761E+08
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22 June 2023 

To Michael Duindam Contact No. +64 27 4721393

Copy to Plan Change G team Email tony.miller@ghd.com 

From Tony Miller Project No. 12588291 

Project Name Proposed Plan Change G: Aokautere Urban Growth 

Subject Stormwater Expert Evidence - Stream Erosion Assessment Summary (Rev 4) 

1. Introduction

Proposed Plan Change (PC) G was notified on 8 August 2022, following which a series of submissions 
were received relating to the potential effects of erosion in the gullies downstream of the development. As a 
result of the submissions, further analysis was carried out to better understand the receiving environment 
both in its’ present day and post development.  

1.1 Purpose of this Memorandum 
This Technical Memorandum summarises the risks to the receiving gullies and potential mitigation that may 
be required to address those risks in order to enable development.  

It should be noted that the mitigation measures discussed below are preliminary only to inform discussions 
with other PC G experts. The purpose of this memorandum is to emphasize the erosion risks and extent of 
mitigation that is required. 

2. Gully Erosion Summary

Erosion and downcutting risks have been estimated assuming a 100-year design life and are based on site 
observations and our understanding of the extent of future development. The gullies have been labelled to 
align with the Aokautere Structure Plan – Ecological Features, Constraints and Restoration report prepared 
by Forbes Ecology (June 2020). The chainages referred to below are taken from the figures appended to 
this memorandum.  

Table 1 provides a detailed summary of the risks and mitigation measures proposed; however, this can be 
further simplified as follows:  

– Gullies 12 and 13, which are outside of the PC area, are at risk of significant erosion due to their
existing landuse, which may propagate upstream into the PC area. In order to minimise the effects of
development and not exacerbate or accelerate the erosion in the adjacent land, the following is
recommended:
• The Gully 4 and Gully 8 pond outlets be extended to the PC boundary.
• The ponds in Gully 6 and Gully 11 be designed such that it allows for future downcutting at the

outlet.
• Monitoring and future stream bed restoration be provided in Gully 12.

Appendix B
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– The proximity of Gully 13 may impact parts of the structure plan as downcutting continues. The extent 
of the impact is to be confirmed by a geotechnical engineer.  

– Additional ponding areas / below-ground dams be constructed (with appropriate fish passage) along 
Gully 1 and Gully 3.  

– The proposed roads crossing the gullies be designed to hold back / control water, simulating a dam 
affect, in Gully 1 and Gully 3.  

– Remediation of the existing culvert / stream crossing is required in Gully 3.  
– Monitoring is recommended for the existing culvert and dam outlet in Gully 11, as well as the bridge 

crossing the Moonshine Valley Creek in Gully 12.  
– Significant downcutting is predicted in Gully 3 (identified as an intermittent stream), with the following 

potential mitigation measures:  
• Pipe the medium flow (20 l/s up to 450 l/s) with base flow remaining in the stream. Approximate 

pipe diameter to be 450 mm PE to bottom of gully.  
• Pipe the medium to high flows (20 l/s to 1000 l/s) with base flow of up to 20 L/s remaining in the 

stream. Approximate pipe diameter to be 600 mm PE to bottom of gully.  
• Install stream bed armouring along the entire length.  
• Install check dams every 25 m.  
If this cannot be achieved, then 2 to 6m+ of downcutting can be expected in Gully 3, regardless of 
development as it is currently showing active downcutting.  

– Due to the significant downcutting predicted in Gully 3, active monitoring is recommended in Gully 3b. 
Should downcutting be observed, options to address that downcutting include:  
• Pipe the medium or high flows, with base flows remaining in the stream.  
• Stream bed armouring.  

– The ponds in Gully 3 must be designed in unison and installed prior to construction of the downstream 
road crossing the gully.  
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Table 1 Stream erosion risks and mitigation measures for PC G 

Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

Gully 1 (Church Stream) 

0 200 – Existing stream is relatively stable and showing signs of accretion. N/R 

200 350 – Existing downcutting of the stream - 0.5 to 1 m.
– Further 0.5 to 1 m downcutting estimated to year 2120.

Outside of PC area 

350 480 – Existing stream currently incised by 0.5 to 1.2. m up to existing 3 m
high waterfall at ~CH 370.

– Potential for up to 4 m downcutting below valley floor above existing
waterfall.

Outside of PC area 
No mitigation considered in private property. Alternatively, the dam 
proposed at CH 490 could be moved to CH 380 (see below) to reduce 
downcutting in this reach.  

480 900 – Potential for up to 4 m downcutting below valley floor to 2120. Below-ground dam with embedded fish passage at CH 490 and CH 750 
within PC area.  
Upstream of CH 490 dam future downcutting up to 0.8 m predicted with 
proposed mitigation.  
From future dam at CH 750, downcutting up to CH 900 will again be 
limited up to 0.8 m. 

900 1020 – Existing stream is actively downcutting of 0.5 to 0.8 m above
existing dam at CH 900.

Culvert under future road at CH 900 to be designed to hold back water 
with discharge designed to resist future downcutting downstream.  
No further downcutting predicted in this reach with the proposed 
mitigation of a pond and roadway.  

1020 1400 – Potential for up to 0.5 m downcutting immediately upstream of the
dam at CH 900, increasing up to 4 m downcutting below valley floor
at CH 1400.

– The gully gradient over this reach is slightly less than Gully 3 and
hence the reduced potential for excessive downcutting.

On going monitoring of this reach. This will determine the timing of 
installation. 
Active intervention may include similar options recommended for Gully 
3 (see below), or below-ground dams at CH 1100 and CH 1300.  
Future downcutting with the proposed mitigation predicted to be up to 
0.8 m over this reach.  
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

Gully 2 

0 250 – Gully/ slope downstream of PC area drops rapidly from the PC area 
down to the MSV creek. The vegetative cover is sparsely vegetated 
bush.  There is a smaller catchment area and only one contributing 
pond.  

– Downstream of the PC boundary, downcutting of the riverlets over 
time expected to be 0.8 m (or more).   

Outside of PC area 

250 546 – Gully within PC area shown as vegetated bush with small 
catchment area and no contributing ponds.  

– Limited erosion anticipated within the gully itself, estimated 0 to 0.8 
m.   

Vegetation as per proposed PC 

Gully 3 

0 25 – Significant downcutting observed with 1.5 -2 m drop at existing 
culvert under Moonshine Valley Road (MSV).  

– Potential future undercutting of existing culvert outlet leading to 
partial/failure of MSV road embankment.  

Remediation of culvert outlet with fish friendly let down structure – this 
is required today/now due to existing downcutting.  
Further remediation and monitoring of the MSV stream downstream of 
the culvert.   

25 325 – Upstream of the culvert at CH 25 existing downcutting of 0.8 to 
1.5 m. 

– Further downcutting expected to year 2120. Assuming the 
downstream existing culvert remains, further downcutting of stream 
up to the PC boundary could be limited to another 1 m below the 
existing incisement.  

N/R 
1 to 2.5 m future downcutting expected over this reach.  

325 400 – Current stream downcutting of ~1 m.  
– Active downcutting < 1.5 m at CH 325. 
– Downcutting predicted to increase up to 2 m to CH 400 post-

development without mitigation.  

Below-ground dam with embedded fish passage at CH 325 at the PC 
boundary with potential to move this downstream into the reserve land 
with the required permissions. 
Future downcutting upstream of the proposed mitigation predicted to be 
up to 0.8 m over this reach. 
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

400 1150 – Active erosion with existing 2 m scour hole observed at existing
gully crossing, downstream of existing culvert at CH 1100.

– Downstream of the culvert and existing scour hole the gully invert
shows some distress with < 1 m incisement.

– Without mitigation to prevent future downcutting to year 2120, the
downcutting potential is estimated between 2 and 6 m+ regardless
of development.

Significant intervention required to moderate downcutting. This may 
include:  
1. Piping medium flows (e.g., 20 l/s up to 450 l/s) from CH 300 to CH

1150 with DN450 PE pipe. Base flow of up to 20 L/s will remain in
stream, noting this is classified as an intermittent stream. Higher
flows will continue down valley floor as duration would be short and
infrequent.
Downcutting with mitigation predicted to be 1 to 2 m with ongoing
monitoring and moderate intervention required to limit further
downcutting and erosion following significant storm events (flows
over 450 l/s).

2. Piping medium to high flows (20 l/s up to 1000 l/s) from CH 300 to
CH 1150 with DN600 PE pipe. Base flow will remain in stream,
noting this is classified as an intermittent stream. Spillway overflows
(estimated to be 1 to 2 m3/s) are likely to occur in overdesign events
for short periods.
Downcutting with mitigation predicted to be up to 2 m, but with
monitoring and future intervention only after over-design events.

3. Continuous rock channel / stream bed armouring from CH 300 to
CH 1150.
Downcutting with mitigation predicted to be managed to less than
2 m with active management and riprap top up every year and
following major storm events.  If no active management, the scour
holes could reach up to 5 m deep.

4. Check dams located every 25 m between CH 300 to CH 1150.
Downcutting with mitigation predicted to be 0.8 m, however
maintenance of the check dams will need to be undertaken
following each major rain event.  If no active management, scour
holes up to 2 m deep or more could form and progress upstream.

1150 1250 – Potential downcutting due to outlet flows from existing and future
ponds.

Culvert under future road at CH 1150 to be designed to hold back water 
in new dry attenuation pond, with pond outfall at CH 1250 engineered 
to resist erosion. 
No downcutting is predicted as the pipes, culverts and dams are a fully 
engineered solution. 

1250 1650 – Potential downcutting due to outlet flows from existing and future
ponds.

– Without mitigation potential for 1-2 m deep scour holes with
waterfalls that will progress upstream.

All ponds upstream of the new road crossing to be designed as a 
system to collect and discharge attenuated volume that limits the 
potential for stream bed degradation. 
Downcutting with mitigation predicted to be limited to less than 0.8 m. 
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

Gully 3a 

0 326 – Small catchment area with no contributing ponds for development.
Limited to no downcutting predicted.

N/R 

Gully 3b 

0 300 – Existing development upstream.
– Significant size of upstream catchment has potential for downcutting

downstream of the lower dam, potentially up to 1.8 m deep.

Initial mitigation required is ongoing monitoring.  
Should downcutting be observed, options include: 
1. Piping of gully flow (medium or high) with base flows remaining.
2. Stream bed armouring.
Downcutting with either mitigation predicted to be 0.8 m or less.

300 500 – Pond at CH 300 being designed. Ponds at CH 400 and CH 500
already constructed.

Review of design to limit potential for downstream erosion 

500 969 – Existing development and a small catchment of future development.
The piped flow is all expected to be contained within the piped
catchment.  Downstream ponds will attenuate flows plus one future
attenuation area within the future development area.

N/R 

Gully 4 

0 200 – Gully/ slope downstream of PC area drops rapidly from the PC area
down to the existing receiving pond as part of the MSV creek
system. The vegetative cover is sparsely vegetated bush.  There is
a smaller catchment area and only one contributing pond.

– Downstream of the PC boundary, downcutting of the riverlets over
time expected to be 0.8 m (or more).

Outside of PC area. 
Shift the proposed outlet of the Gully 4 pond to the PC boundary with 
appropriate erosion protection to limit erosion to 0.8 m. 
Alternatively, pipe the medium flow from the pond outfall at CH 300 to 
the base of the slope (CH 100) to eliminate erosion over the steeper 
portion in private land. Monitoring of slope erosion on private land 
would initiate intervention commencing. This is only possible with 
private landowner consent.  

200 341 – Gully within PC area shown as vegetated bush with small
catchment area and only one contributing pond.

– Limited erosion anticipated within the gully itself, estimated up to
1.2 m at chainage 200.

Reduce downcutting almost completely within PC area with a medium 
flow pond outlet bypass to discharge the PC boundary.  This still has 
potential impact downstream (refer above). 
Alternatively pipe pond outfall to CH 100 within private property (refer 
above).  

Gully 5 

0 323 – Gully shown as vegetated bush with small catchment area and no
proposed ponds. Limited to no downcutting predicted.

N/R 
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

Gully 6 

0 280 – Relatively small catchment with only one contributing pond,
however this section is pastural farming and prone to erosion.

– Potential 0.5 to 1.2 m downcutting predicted.

Outside of PC area. 
Gully erosion can be slowed with a change of landuse, however this is 
beyond this scope. 

280 380 – Downstream downcutting predicted to propagate to the PC
boundary and to the proposed pond.

– Potential downcutting of 1.2 at CH 280 to 0.5 m at CH 380
predicted.

The low flow outlet and downstream dam buttress design at CH 380 to 
allow for future downcutting of the gully downstream of the dam outlet.  
1.2 m at CH 280 to 0.5 m at CH 380 still expected with proposed 
mitigation.  
Alternatively, increase pond volume by 30-50%, extend time and 
reduce outlet flows from the lower half of the pond empty cycle to 
reduce future erosion to no more than 0.5 m. 

380 522 – Stable gully floor predicted. N/R 

Gully 7 

0 110 – Significant downcutting predicted in receiving system (Gully 13 at
CH 950), estimated between 1.5 to 2.5 m. This is unlikely to
propagate to the PC boundary.

N/R 

110 185 – Gully shown as vegetated bush with small catchment area and no
proposed ponds. Limited to no downcutting predicted.

N/R 

Gully 8 

0 302 – Significant downcutting predicted in receiving system (Gully 13 at
CH 1100), estimated between 1.5 to 2.5 m.

– Downcutting predicted to be 0.5 to 1.5 m at PC boundary (CH 110)
if landuse remains as pastoral farming. Downcutting at CH 250
predicted to be less than 0.5 m.

Shift the proposed outlet of the Gully 8 pond to the Plan Change 
boundary with appropriate erosion protection to ensure the outfall 
erosion from the pond is limited. 
Downcutting at PC boundary (CH 110) limited to 0.5-1.5 m. 
Downcutting at CH 250 limited to <0.5 m. 

Gully 9 

0 130 – Significant downcutting predicted in receiving system (Gully 13 at
CH 1150), estimated between 1.5 to 2.0 m. This is likely to
propagate to the PC boundary by 2120.

– Downcutting from Gully 13 will propagate upstream of the
confluence with Gully 9.  Over this reach (CH 0 – 130) and by year
2120, downcutting predicted to be between 0.5 to 1.5 m.

Outside of PC area. 
Gully erosion can be slowed with a change of landuse, however this is 
beyond this scope. 
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

130 990 – Steep gully sides show signs of slippage and regression. A slip at
CH 650 appears to have lost approx. 2.5 m of flat area of the table
land over a distance of 10 to 15 m. This is likely representative of
future slippage.

– Downcutting due to Gully 13 downcutting propagating and
discharge from upstream pond expected to range from 1.5 m at CH
250 to less than 0.5 m at the head of the gully by year 2120.

Options to reduce the extent of downcutting within Gully 9 by 
addressing the pond discharge include:  
1. Redirect the pond outfall to Gully 10.

Proposed mitigation will reduce downcutting to 1.2 m at CH 130 to
~0 at the head of the gully.

2. Pipe the pond discharge (up to the medium flow) to the PC
boundary.
Proposed mitigation will reduce downcutting to 1.5 m at CH 130 to
0.5 at CH 150 and ~0 m at the head of the gully. Monitoring and
potential restoration required following significant rain events.

3. Extend the piped discharge to Gully 13 (outside PC area).
Proposed mitigation will reduce downcutting to 0.8 m at CH 130 to
~0 at the head of the gully.

Neither option mitigates the risk of downcutting in Gully 13. 

Gully 10 

0 90 – Active downcutting observed in receiving system (Gully 13 at CH
1850), estimated around 0.5 m. Further downcutting predicted to be
1.5 m.

– Downcutting of 0.5 to 1 m is likely to propagate to the PC boundary
if the landuse remains farmed hill country. If landuse changes,
some reduced degree of downcutting is still predicted.

Outside of PC area 

90 337 – Relatively small catchment with no contributing ponds. Erosion is
expected to be modest.

– Towards 2120 the Gully 13 erosion will make its way upstream
regardless of any PC development.

N/R 

Gully 11 

0 350 – Existing downcutting estimated between 1.5 to 2 m, and is showing
active signs of erosion.

– By 2120 total downcutting at CH 350 estimated to be between 3 to
4 m.

Proposed culvert at CH 350 to be cognisant of the potential for 
additional downcutting at the outfall of up to 1.5 m. I.e., pre-empt the 
downcutting by dropping the culvert below the existing gully floor, 
thereby allowing the outfall to discharge to a future bed level below the 
existing.  
Proposed pond outlet should be shifted upstream of the culvert at CH 
350 and incorporated into the culvert design. The notional empty level 
would be set at the existing stream bed level upstream of the culvert.  
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

350 650 – Existing downcutting estimated between 2 to 1.5 m and is showing
signs of active erosion and bank instability.

– By 2120 total downcutting at CH 650 estimated to be ~5 m.

Proposed culvert at CH 650 to be cognisant of the potential for 
additional downcutting at the outfall of ~1.5 m. I.e., pre-empt the 
downcutting by dropping the culvert below the existing gully floor, 
thereby allowing the outfall to discharge to a future bed level below the 
existing.  
Proposed pond at CH 800 could be moved into the main channel and 
shifted downstream (~CH 700) to be incorporated with the culvert 
design at CH 650. The proposed pond notional empty level would be 
set at the existing stream bed level upstream of the culvert.  

650 900 – Existing downcutting has incised the channel by 1.5 to 2 m over this
reach.

– By 2120 downcutting estimated between 3 to 5 m at CH 650,
reducing up to 3 m erosion at CH 900. Downcutting expected to
further worsen after year 2120.

Upstream of pond at CH 800 [potentially CH 700 (refer above)], only 
ongoing monitoring of reach.  
Potential future mitigation may include check dams or below-ground 
dams.  
Downcutting still expected at a reduced rate of 2.5 m total (additional 1 
m). Intervention required if that is exceeded.  

900 1400 – The current stream is showing modest signs of active downcutting
and incisement.

– Further downcutting of 0.5 to 0.7 m predicted and could undercut
the culvert at CH 1400.

– The proposed pond at CH 900 will prevent downstream incisement
from progressing upstream of the pond.

Monitor downcutting at culvert at CH 1400 with the possibility of 
remediation being required.  

1400 1800 – The culvert at CH 1400 and existing dam at CH 1600 will limit
extent of downcutting along this reach.

– Potential for downcutting at the outlet of the dam at CH 1600.

Active monitoring of dam outlet at CH 1600 for erosion with the 
possibility of remediation.  

Gully 11a 

0 499 – Relatively small catchment area. The gully floor gradient steepens
significantly and may lead to erosion in the future erosion.

– The max predicted downcutting of the stream inverts over the
design period is less than 1.5 m.

N/R 

Gully 11b 

0 361 – Relatively small catchment area. The gully floor gradient steepens
significantly and may lead to erosion in the future erosion.

– The max predicted downcutting of the stream inverts over the
design period is less than 1.5 m.

N/R 
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

Gully 12 (Moonshine Valley Creek) 

0 1750 – No noticeable downcutting over this reach. However, on outside of
bends there is some observed toe erosion of the outer bends.

– No expected change post-development.

N/R 

1750 2580 – The existing stream over this reach is surrounded by dwellings and
has incised the flood plain between 1.5 to 2.5 m.  There is some
downcutting and general lack of natural bed armour.

– Widening of the stream bed will cause ongoing stream bank failure
and increased erosion rates on the outer bends is predicted
regardless of development.

– Downcutting is predicted to be modest, however continued erosion
on the outer bends may lead to sporadic bank collapse and failures.
This is regardless of the development, however it will be
accelerated by development.

– Due to lack of supply of natural be armouring, there is a noticeable
degradation of the streambed level. At CH 2850 (i.e., confluence
with Gully 3) the streambed appears to have degraded by 0.5 m.

– To year 2120 further degradation expected between 0 and a further
1 m.

Outside of PC area. 
Monitoring and future stream restoration, including bank stabilisation as 
required.  
Discussion between PNCC Planners and Geotech over the 
consequences of this observation is recommended by GHD, as there is 
no reasonable mitigation and natural erosion will continue to occur 
regardless of development.  

2620 3150 – The stream appears to have down cut 0.5 m below the bed as
anticipated when the bridge was constructed.

– Further bridge maintenance to the abutments may be required over
time.

– A further 0.5 m of downcutting is predicted. As above the outer
bends will continue to erode leading to bank failures with a
probability of more on the outside of bends.

Outside of PC area. 
Monitoring of bridge crossing Moonshine Valley Creek at CH 3150.  
There is a potential for bridge abutment works to protect the toe of the 
abutments from being undercut as the stream bed level continues to 
drop.  
Downcutting expected to continue with a further 0.5 m predicted. 

3330 3450 – Existing ponds in the reserve area may require scheduled
maintenance due to sediment loading from upstream catchment.
This is independent of the PC, however increased loading from the
PC area will only increase the frequency of the loading and
subsequent cleaning required.

Ongoing maintenance of existing ponds expected.  This will include 
regular de-silting on a ~ 5 to 10 year basis.  

Gully 13 

0 500 – Gully commences at pond and progresses upstream through a
bushed catchment.

– This stream was not inspected, however downcutting and bank
erosion is likely.  This will continue regardless of development, but
will be accelerated by development.

Monitoring and future stream restoration, including bank stabilisation. 
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Chainage 1 Chainage 2 Risks / Issues Proposed Mitigation 

500 1050 – This stream is characterised by over steep banks and gully sides
with evidence of multiple slips. The land has been “recently” raised
through uplift (in the geological context) and the stream valleys are
in active downcutting mode.  Meandering of the valley floor is
evident.

– Significant downcutting of 1.5 to 2.5 m predicted if the landuse
remains as pastural farming.

– This downcutting may impact some adjacent properties in the PC
area.

Outside of PC area. 
The downcutting is active and will remain. 

1600 1850 – As this is further up the gully, the future downcutting is predicted to
reduce because the side slips that fall into the valley floor will need
to be removed before further downcutting can occur.

– Active downcutting observed, estimated around 0.5 to 1.5 m.
– Further downcutting of 1.5 to 3 m is predicted if the landuse remains

as pastural farming.
– This downcutting may impact adjacent properties in the PC area.

Outside PC area 
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2.1 Scope and limitations 
This Technical Memorandum: has been prepared by GHD for Palmerston North City Council and may only be used and 
relied on by Palmerston North City Council for the purpose agreed between GHD and Palmerston North City Council as 
set out in section 1.1 of this memorandum. 

GHD otherwise disclaims responsibility to any person other than Palmerston North City Council arising in connection 
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed in 
the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this 
report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD and the 
Expert Witness (Tony Miller). GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this memorandum on the basis of information provided by the Client and others who provided 
information to GHD (which may also include Government authorities), which GHD has not independently verified or 
checked for the purpose of this memorandum. GHD does not accept liability in connection with such unverified 
information, including errors and omissions in the memorandum which were caused by errors or omissions in that 
information. 

The opinions, conclusions and any recommendations in this memorandum are based on information obtained from, and 
testing undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be 
different from the site conditions found at the specific sample points. 

Investigations undertaken in respect of this memorandum are constrained by the particular site conditions, such as the 
location of buildings, services and vegetation. As a result, not all relevant site features and conditions may have been 
identified in this memorandum. 

Project name Proposed Plan Change G: Aokautere Urban Growth 

Document title Stormwater Expert Evidence | Stream Erosion Assessment Summary 

Project number 12588291 

File name 12588291-MEM_PC G - Stream erosion comments.docx 

Status 
Code 

Revision Author Reviewer Approved for issue 

Name Signature Name Signature Date 

S1 0 R Baugham T Miller A Chisholm on file 1 Jun 23 

S2 1 R Baugham T Miller A Chisholm 

GHD Limited  
52 The Square, Level 2 
Palmerston North, Manawatu 4410, New Zealand 
T  +64 6 353 1800  |  F +64 6 353 1801  |  E palmmail@ghd.com  |  ghd.com 

© GHD 2023 
This document is and shall remain the property of GHD.  The document may only be used for the purpose 
for which it was commissioned and in accordance with the Terms of Engagement for the commission. 
Unauthorised use of this document in any form whatsoever is prohibited. 

http://www.ghd.com/


G10

G9

G8

G4

G5

G6

G3

G1

G12

G12

G2

G12

G11

G7

0 100 400 500m300200

SCALE 1:10,000  AT ORIGINAL SIZE

GENERAL SITE
OVERVIEW

SCALE 1:10,000

00

PALMERSTON NORTH CITY COUNCIL
AOKAUTERE STORMWATER PLAN

GENERAL OVERVIEW

12588291
A
05.2023

Project Number
Revision

Figure
Date

N:\NZ\Palmerston North\Projects\51\12588291\CADD\Drawings\12588291-C100-C106-RA.dwgCad File No:31 May 2023 - 3:03 pmPlot Date: Clay O'DonnellPlotted by:

N

PLAN VIEW 2

PLAN VIEW 1

MOONSHINE VALLEY STREAM

TURITEA STREAM

G13

G13

G13



CH 000

CH 200

CH 400

CH 600

CH 800

CH 10
00

CH 1200

CH 14
00

CH 00
0

CH 200

CH 400

CH 600

CH
 80

0

CH
 10

00

CH 1200

CH
 14

00

CH 1600

CH 1800

CH 2000

CH 22
00

CH 24
00

CH 2600

CH 28
00

CH 3000

CH 3200

CH
 34

00

CH 3600

CH
 38

00

CH 4000

CH 4200

CH
 44

00 CH 4600

CH 48
00

CH 5000

CH
 52

00

CH 5400

CH
 56

00

CH
 58

00

CH
 60

00

CH 000

CH 000

CH 200

CH 000

CH 200

CH 400

CH 546

CH 00
0

CH
 20

0

CH 400

CH 600

CH 80
0

CH
 10

00

CH 000

CH 200

CH 400

CH 522

CH 000

CH 185

CH 000

CH 000

CH 200

CH 323

CH 000

CH 200

CH 341

CH 000

CH 200

CH 326

CH
 00

0

CH 16
9

CH 000

CH 200

CH 400

CH 600

CH 800

CH 1000

CH 1200

CH 1400

CH 1600

CH
 18

00

CH 2000

CH 000

CH 200

CH 242

CH 000

CH 200

CH 400
CH 434

G4

G5

G6

G3

G1

G12

G12

G2

G12

G3a

G1b

G1a

G7

Project Number
Revision

Figure
Date

N:\NZ\Palmerston North\Projects\51\12588291\CADD\Drawings\12588291-C100-C106-RA.dwgCad File No:31 May 2023 - 3:03 pmPlot Date: Clay O'DonnellPlotted by:

PLAN VIEW 8
SCALE 1:5000

0

SCALE 1:5000  AT ORIGINAL SIZE

10050 200 250m150

01

PALMERSTON NORTH CITY COUNCIL
AOKAUTERE STORMWATER PLAN

PLAN VIEW 1
GULLY 1, 1A, 1B, 2, 3, 3A, 4, 5, 6, 12

12588291
A
05.2023

N

arbaugham
Line

arbaugham
Callout
Proposed below-ground dam to limit u/s erosion

arbaugham
PolyLine

arbaugham
Callout
Shallow cascades for d/s flow control (approx. 40m)

arbaugham
Line

arbaugham
Callout
Proposed below-ground dam to limit u/s erosion

arbaugham
PolyLine

arbaugham
Callout
Shallow cascades for d/s flow control (approx. 30m)

arbaugham
Polygon

arbaugham
Callout
Proposed offline pond

arbaugham
Callout
Culvert w/ fish passage

arbaugham
Polygon

arbaugham
Callout
Proposed online pond

arbaugham
Polygon

arbaugham
Callout
Proposed online pond

arbaugham
Callout
Shallow cascade weirs for flow control.  3 series of weirs

arbaugham
Ellipse

arbaugham
Callout
Remediation of existing culvert w/ fish passage

arbaugham
Line

arbaugham
Callout
Proposed below-ground dam to limit u/s erosion

arbaugham
Callout
Shallow cascades for d/s flow control (approx. 30m)

arbaugham
Callout
Shallow cascade weirs for
flow control

arbaugham
Polygon

arbaugham
Callout
Proposed online pond

arbaugham
Polygon

arbaugham
Callout
Dam embankment & attenuation pond

arbaugham
Ellipse

arbaugham
Callout
Proposed pond

arbaugham
Ellipse

arbaugham
Callout
Proposed pond

arbaugham
Ellipse

arbaugham
Callout
Proposed online pond

arbaugham
Ellipse

tmiller
Line

tmiller
Line

tmiller
Ellipse

tmiller
Ellipse

tmiller
Line

tmiller
Ellipse

tmiller
PolyLine

tmiller
PolyLine

tmiller
PolyLine

tmiller
Red callout
fish passage
through outlet MH & pipe

tmiller
PolyLine

tmiller
PolyLine

tmiller
PolyLine

tmiller
PolyLine

tmiller
PolyLine

tmiller
PolyLine

tmiller
Line

tmiller
Ellipse



CH 2108

CH 1200

CH 14
00

CH 1600

CH 1800

CH 2000

CH
 56

00

CH
 58

00

CH
 60

00

CH
 62

00

CH 6291

CH 000

CH 200

CH 400

CH 600

CH 800

CH 991

CH 200

CH 400

CH 600

CH 800

CH 969

CH 80
0

CH
 10

00

CH 12
00

CH 1400

CH 1600

CH 1800

CH 20
00

CH 22
00

CH
 24

00
CH 24

39

CH 400

CH 522

CH 000

CH 185

CH 000

CH 200

CH 302

CH 000

CH 200

CH 337

CH
 00

0

CH
 20

0
CH 400

CH
 60

0

CH
 80

0

CH 10
00

CH 1200

CH
 14

00

CH
 16

00

CH
 18

00

CH 2000

CH 22
00

CH
 24

00
CH

 24
69

CH 000

CH
 20

0

CH 400

CH 499

CH
 18

00

CH 2000

CH 2200

CH 2308

G10

G9

G8G3b

G3

G1b

CH 000

CH 200

CH 361

G11b

G11a

G11

G7

Project Number
Revision

Figure
Date

N:\NZ\Palmerston North\Projects\51\12588291\CADD\Drawings\12588291-C100-C106-RA.dwgCad File No:31 May 2023 - 3:03 pmPlot Date: Clay O'DonnellPlotted by:

PLAN VIEW 8
SCALE 1:5000

0

SCALE 1:5000  AT ORIGINAL SIZE

10050 200 250m150

02

PALMERSTON NORTH CITY COUNCIL
AOKAUTERE STORMWATER PLAN

PLAN VIEW 2
GULLY 7, 8, 9, 10, 11, 11A, 11B

12588291
A
05.2023

N

arbaugham
Polygon

arbaugham
Callout
Proposed attenuation pond

arbaugham
Callout
Proposed attenuation ponds

arbaugham
Polygon

arbaugham
Polygon

arbaugham
Callout
Proposed attenuation ponds

arbaugham
Ellipse

arbaugham
Callout
Proposed pond

arbaugham
Polygon

arbaugham
Callout
Proposed attenuation ponds

arbaugham
Polygon

arbaugham
Callout
Proposed offline pond

arbaugham
Ellipse

arbaugham
Callout
Repair existing culvert w/ fish passage

arbaugham
Polygon

arbaugham
Callout
Proposed attenuation pond

arbaugham
Polygon

arbaugham
Callout
Proposed offline pond



Technical Memorandum 

   The Power of Commitment 

12588291 1 

28 August 2023 

To Anita Copplestone, Shannon Johnston Contact No. +64 6 355 7181

Copy to Plan Change G team Email reiko.baugham@ghd.com 

From Reiko Baugham Project No. 12588291 

Project Name Proposed Plan Change G: Aokautere Urban Growth 

Subject  Proposed Stormwater and Stream Erosion Mitigation 

This memorandum follows on from a number of discussions and further work regarding stormwater 
management in the Proposed Plan Change G (PCG) area.  

In order to manage stormwater from existing and proposed residential development in Aokautere,1 the 
following package of measures have been proposed to reduce the volume and velocity of runoff generated 
by development.  The approach focuses on first avoiding, then reducing and minimising the generation of 
adverse effects, through on-site control of stormwater contaminants and flows, planning controls, 
restoration of natural systems, and infrastructure works. The proposed controls include:  

1. Revegetate the gully sides, including through forestation.
2. Avoid direct discharge of stormwater over gully edges.
3. Limit impervious areas within new development to reduce the increase in stormwater runoff.  A

performance standard of 40% permeable surface per lot is proposed for suburban areas, and 25% for
medium density areas.  (Compare this with the operative standard in the District Plan, which is 30%).

4. Implement water sensitive design elements to retain stormwater on the plateaus (i.e., incorporating
stormwater storage within the raingarden designs which are required as part of the new roads).

5. Avoid engineering works in areas of moderate to very high vegetative constraint.
6. Locate attenuation ponds offline as far as practicable.
7. Enlarge the proposed stormwater ponds to increase holding capacity and slow the rate of discharge to

reduce the risk of downstream erosion.
8. Implement in-stream stabilisation measures in limited reaches to reduce steep gradients.

Part of the strategy involves engineering works designed to reduce velocities and sediment transport during 
frequent rainfall events.  Table 1 summarises the proposed stormwater controls within the gullies 
themselves and indicative impact on the streams.  The types of controls proposed include those set out 
below: 

– Below Ground Dams – Dam structure built below ground to prevent future downcutting that will be
caused by a downstream waterfall / scour point from regressing further up the stream.  This will likely
require:
• A series of shallow weirs downstream (described further below); and
• A buried spillway in event of future failure of the let-down structure.

1 The PCG area includes existing development and is already zoned residential (although yet to be developed) in some areas. The 
objective of the stormwater strategy is to not only manage the effects of future development through PCG, but also remediate the 
adverse effects of recent development. 

Appendix C
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• The following shows a typical long section and cross section of what this BGD could look like.

– Offline detention ponds – Dry pond located adjacent to the stream, allowing low flows to continue down
the stream and high flows to be diverted into the attenuation area for gradual release back into the
stream.  The area designated as the dry pond / detention pond will be vegetated and still serve as the
wider river corridor and will flood during rain events.

– Online detention ponds – Delineation of the floodplain area with an embankment / above-ground
structure to hold back flow during large rain events.  Low flows will continue along the stream and fish



 3 

passage will be incorporated outlet design, pipe beneath the dam and up through a spiral fish ladder in 
the upstream MH.  Ponding will occur behind the embankment during large rainfall events and slowly 
drawdown.  

– Shallow cascading weirs – A series of shallow weirs / cascades along the stream bed to allow a 
gradual longitudinal grade change.  The use of shallow weirs, or rock riffles, along the stream bed can 
reduce the gradient of the stream, thereby decreasing the velocity and erosive forces.  When correctly 
engineered and constructed, these weirs can support biodiversity by providing areas of low-flow ponds 
and refuges during times of high flow that can support various fish species.  These are required for 
areas that high a steeper gradient and is at risk of significant downcutting and erosion.  
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Table 1 Proposed stormwater controls within the gullies 

Chainage Proposed Mitigation Stream Impacts2 

Gully 1 (Church Stream) 

400 – Below-ground dam with embedded fish passage.
– Shallow cascading weirs to control downstream flow.

– Potential stream loss ≈ 45 m of initial disturbance, reinstated with 40 m
of cascading weirs

850 – Below-ground dam with embedded fish passage.
– Shallow cascading weirs to control downstream flow.

– Potential stream loss ≈ 40 m of reinstated cascading weirs

950 – Offline attenuation pond on upstream side of future road.
– Piping of stream for 60 m to cross beneath the future road and bypass

attenuation area, consisting of large diameter culvert to enable fish passage.
– At the upstream end, a spiral fish passage would be provided within a large MH

to allow fish upstream and yet control high flow from above whilst diverting high
flow to the adjacent offline pond

– Total stream loss ≈ 60 m of oversized culvert beneath the dam.  The
culvert would be oversized for flow and have a gentle gradient to allow
for fish passage.  At the upstream end of the culvert there would be a
required vertical climb.  This can be achieved with a large MH and spiral
fish passage ladder around the internal circumference of the MH

1000 – Shallow cascading weirs to reduce gradient and slow stream flows. – Potential stream loss ≈ 105 m of reinstated cascading weirs
– I.e., 3 lots of approximately 35 m long cascades

1200 – Attenuation pond at top end of side gully. – Upstream end of gully with piped infrastructure immediately upstream.
No predicted stream loss expected.

1400 – Online attenuation pond.  Intermittent stream will remain, and during large
events wider ponding will occur within the gully floor along the length of the
embankment.

– Upstream end of gully with piped infrastructure immediately upstream.
– Potential stream loss ≈ 40 m of oversized culvert with fish passage

beneath the dam at ch 1400.
– Oversize culvert will terminate in an oversized MH incorporating a spiral

fish passage.  MH will also control and affect high flow into storage.

Gully 2 

Ponds to be located on promontory at the top of the escarpment. 

2 Does not include initial disturbance, only final outcome 
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Chainage Proposed Mitigation Stream Impacts2 

Gully 3 

25 – Existing culvert (beneath Moonshine Valley Road) to be upgraded to included
fish passage.

– Improvement to stream ≈ 15 m

325 – Below-ground dam with embedded fish passage.
– Shallow cascading weirs to control downstream flow.

– Potential stream loss ≈ 40 m of reinstated cascading weirs

350 – Shallow cascading weirs to reduce gradient and slow stream flows. – Potential stream loss ≈ 210 m of reinstated cascading weirs
– Possible 6 lengths of cascading weirs approx. each 35 m long

850 – Attenuation pond at top end of side gully. – Upstream end of gully with piped infrastructure immediately upstream.
No predicted stream loss expected.

1150 – Dam embankment at future road crossing. Culvert to be designed for fish
passage.

– Inline dry pond along intermittent stream. Stream will remain, with wider ponding
area within the gully floor during large rainfall events.

– Potential stream loss ≈ 40 m beneath dam and associated road
crossing.

– Oversized pipe constructed with shallow grade, will terminate at over
sized MH incorporating spiral fish passage up to old stream bed.  MH
will extend upwards to control high flow into the dry storage basin

1250 – Inline dry pond to remedy the effects of the existing development and pond
discharge.  Stream will remain, with wider ponding area within the gully floor
during large rainfall events.

– Potential stream loss ≈ 40 m with an oversized culvert with fish passage
will terminate at oversized MH incorporating spiral fish passage up to
old stream bed.

2000 – Attenuation pond between development areas. – None.

Gully 3a 

Pond to be located on promontory.  Let down pipe to the gully 3 floor. 

Gully 3b 

0 - 200 – Two new online ponds.  Features to include oversized gentle graded culvert and
over sized inlet MH incorporating spiral fish passage

– Potential stream loss ≈ 60 m of oversized shallow graded pipes beneath
the pond embankment

250-500 - Existing ponds to be remedied to reduce downstream effects (i.e., enlarged
with better outlet controls).

- No new predicted stream loss as ponds are existing

850 - 1000 Ponds to be located on the top plateau.  At the top end of the gully system, these 
ponds would be considered offline. 

- No predicted stream loss

Gully 4 

Ponds to be located on promontory - No predicted stream loss

Gully 5 

Pond to be located on promontory - No predicted stream loss
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Chainage Proposed Mitigation Stream Impacts2 

Gully 6 

400 – Offline dry pond along ephemeral stream. – Upstream end of gully along ephemeral stream.
No predicted stream loss expected.

Gully 7 

400 Pond to be located on promontory - No predicted stream loss

Gully 8 

302 – Inline dry pond above intermittent stream reach at top end of gully. Ponding
within the gully floor only expected during larger rainfall events.

– Upstream end of gully with piped infrastructure immediately upstream.
No predicted stream loss expected.

Gully 9 

600 – Offline attenuation pond. – No predicted stream loss

Gully 10 

None - No predicted stream loss

Gully 11 

200 Pond to be located on promontory 

350 – Road crossing proposed to be a bridge. – Potential stream loss ≈ 20 m around bridge construction

650 – Road crossing proposed to be a bridge. – Potential stream loss ≈ 20 m around bridge construction

800 – Offline attenuation pond(s). – None.

1400 – Existing culvert to be upgraded to include fish passage. – Improvement to stream ≈ 20 m

Gully 11a 

None - No predicted stream loss

Gully 11b 

None - No predicted stream loss

Gully 12 (Moonshine Valley Creek) 

None - No predicted stream loss

Gully 13 

None - No predicted stream loss



Technical Memorandum 

   The Power of Commitment 

12588291 7 

Scope and limitations 
This Technical Memorandum: has been prepared by GHD for Palmerston North City Council and may only be used and 
relied on by Palmerston North City Council for the purpose agreed between GHD and Palmerston North City Council as 
set out in section 1.1 of this memorandum. 

GHD otherwise disclaims responsibility to any person other than Palmerston North City Council arising in connection 
with this report. GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed in 
the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 
information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this 
report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD and the 
Expert Witness (Reiko Baugham). GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this memorandum on the basis of information provided by the Client and others who provided 
information to GHD (which may also include Government authorities), which GHD has not independently verified or 
checked for the purpose of this memorandum. GHD does not accept liability in connection with such unverified 
information, including errors and omissions in the memorandum which were caused by errors or omissions in that 
information. 

The opinions, conclusions and any recommendations in this memorandum are based on information obtained from, and 
testing undertaken at or in connection with, specific sample points. Site conditions at other parts of the site may be 
different from the site conditions found at the specific sample points. 

Investigations undertaken in respect of this memorandum are constrained by the particular site conditions, such as the 
location of buildings, services and vegetation. As a result, not all relevant site features and conditions may have been 
identified in this memorandum. 
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August 30, 2023 

To PNCC Contact No. [Enter text] 

Copy to Reiko Braugham, Tony Miller Email sarah.irwin@ghd.com 

From Sarah Irwin & Jeff Doucette Project No. 12588291 

Project Name Model Update – Technical Memo: Aokautere Plan Change G 

Subject Results of additional modelling incorporating the proposed mitigation measures 

1. Introduction

This technical memorandum has been prepared to document the details added to the hydrologic and 
hydraulic models developed to inform the Aokautere – Plan Change G Stormwater Management Strategy 
(2022 GHD Report).  It should be read in conjunction with the 2022 GHD Report, which provides further 
information on the project background, modelling objectives, data inputs, methods, and design concepts for 
the stormwater management controls.  Any changes from the 2022 GHD Report are included herein.  The 
models developed for the 2022 GHD Report are referred to as the “original models”.  

1.1 Purpose of this memorandum 
This Technical Memorandum is provided as a final communication to summarise the results of additional 
modelling carried out following the evolution of the stormwater strategy following Notification on 8 August 
2022.  (i.e., incorporates the changes made to the mitigation measures as set out in the “Stream Erosion 
Mitigation Memo (September 2023). 

This memorandum documents the updated modelling results and erosion threshold analysis since the 
submission of the 2022 GHD Report to inform the Expert Evidence being prepared by Tony Miller and 
Reiko Baugham.  

1.2 Scope and limitations 
This Technical Memorandum: has been prepared by GHD for Palmerston North City Council and may only 
be used and relied on by Palmerston North City Council for the purpose agreed between GHD and 
Palmerston North City Council as set out in section 1.1 of this memorandum.  

GHD otherwise disclaims responsibility to any person other than Palmerston North City Council arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent legally 
permissible.  

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report. GHD has no responsibility or obligation to 

Appendix D
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update this report to account for events or changes occurring subsequent to the date that the report was 
prepared.  

GHD has prepared this memorandum on the basis of information provided by the Client and others who 
provided information to GHD (which may also include Government authorities), which GHD has not 
independently verified or checked for the purpose of this memorandum. GHD does not accept liability in 
connection with such unverified information, including errors and omissions in the memorandum which 
were caused by errors or omissions in that information.  

The opinions, conclusions and any recommendations in this memorandum are based on information 
obtained from, and testing undertaken at or in connection with, specific sample points. Site conditions at 
other parts of the site may be different from the site conditions found at the specific sample points.  

Investigations undertaken in respect of this memorandum are constrained by the particular site conditions, 
such as the location of buildings, services and vegetation. As a result, not all relevant site features and 
conditions may have been identified in this memorandum. 

2. Data inputs

The model updates were performed using the data inputs applied in the original modelling. A summary of 
the datasets is provided below.  

2.1 Topography 
A 2018 digital elevation model (DEM) was obtained from Palmerston North City Council (PNCC) Open Data 
to represent the topography within the study area. A 2015 DEM was obtained from the Land Information 
New Zealand (LINZ) Data Service to characterise the topography of the upstream drainage area. The 
topographic data was used to delineate sub catchment boundaries, identify the natural drainage paths, and 
calculate slopes of the sub catchments, channels, and reticulation systems.  

2.2 Land cover and soil 
Land cover data was obtained from the Land Cover Database (LCDB) v40 layer of the Landcare Research 
Portal, added June 27, 2014. Land cover information was used to determine the imperviousness and 
hydraulic roughness of the sub catchment areas. Existing residential development within the Plan Change 
G (PC G) area has been incorporated in the post-development scenario only; the pre-development scenario 
assumes typical farming activity. 

Surficial soil information was obtained from the FSL Particle Size Classification layer from the Land 
Resource Information System (LRIS) portal, Landcare Research, added on June 7, 2020. Soil information 
was used to determine infiltration parameters in the model.  

2.3 Rainfall 
Historical and climate change projected rainfall hyetographs were created using a Normalised 24-hour 
Design Storm distribution from the Guidelines for Stormwater Runoff Modelling in Auckland Region 
document (TP-108), and rainfall intensities from the National Institute of Water and Atmospheric Research 
(NIWA) High Intensity Rainfall Desing System (HIRDS). The revised modelling was performed for the 2-
year, 10-year, and 100-year return period events only. An hourly rainfall timeseries was also obtained from 
the NIWA National Climate Database for the Palmerston North EWS gauge for the 2012 to 2016 time-
period to perform a continuous model simulation for the erosion assessment.   

2.4 Subdivision layout 
The preliminary subdivision layout of the PC G provided by McIndoe Urban (received 16 October 2019) and 
subsequent revisions (final dated 11 May 2022) were used in the stormwater assessment. The structure 
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plan layouts were utilised along with the existing development and topography to delineate post-
development sub catchment boundaries, layout preliminary reticulation and major drainage networks, and 
select preliminary site discharge locations.  

3. Model development  

Hydrologic and hydraulic modelling of the study area was undertaken to characterise stormwater runoff 
conditions to inform the flood and erosion assessments, including the quantification of pre-development and 
uncontrolled post-development runoff flows and volumes at the site discharge locations. Major discharge 
locations (i.e., Outfalls) are located on the receiving watercourses (gullies) where they exit the study area 
(Figure 1), and minor discharge locations are located at the proposed detention pond outlets (Figure 2). 

The site discharge locations were selected based on a combination of the developed infrastructure, 
preliminary structure plan layout, and existing topography to carry out the assessments. Actual stormwater 
discharge locations from development areas into the receiving environment will ultimately depend on the 
site-specific design to be completed as par of the consenting.  

The modelling was performed using the PCSWMM software (Computational Hydraulics International, 
2021). PCSWMM is a spatial decision support system for the U.S. Environmental Protection Agency 
SWMM 5 software. The model requires input of topographical features (catchment area, flow length, slope), 
ground cover conditions (hydraulic roughness, depression storage), infiltration parameters (curve number 
or infiltration rate), rainfall (design storm hyetographs, continuous timeseries), and drainage paths (channel 
lengths, roughness) in order to effectively simulate the stormwater runoff conditions of a subject site. The 
model output files are provided in Attachment A.  

3.1 Pre-development model  
The objectives of the pre-development model are to establish flood control targets for the predicted post-
development flow rates to be controlled to within the study and provide a baseline hydrologic condition for 
the post-development condition to be compared to in the erosion assessment.   

3.1.1 Sub catchment delineation  
No changes to the pre-development sub catchment boundaries presented in the 2022 GHD Report were 
made as part of the model updates. The pre-development sub catchments are shown on Figure 1. 
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Figure 1 Pre-development sub catchment boundaries and major discharge locations 

3.1.2 Sub catchment parameters 
The original pre-development sub catchment parameters were reviewed, and some modifications were 
made to increase the consistency between the approaches used to characterise the pre-and post-
development models. The updated pre-development model parameters were characterised as follows: 

- Flow lengths were measured as the longest flow path to the main channel plus a fraction
(approximately 10%) of the main channel length to account for the portion of the total flow length
that travels quickly as channelized flow.

- Sub catchment slopes were calculated along the path of the flow length.

- An imperviousness of 0% was assigned to all sub catchments to represent historical conditions,
prior to any subdivision development.
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- Manning’s ‘n’ values for overland flow were assigned based on the land cover type and spatially
averaged over the sub catchments.  The Manning’s ‘n’ values by land cover type are summarised
in Table 3.1 of the 2022 GHD Report.

- A typical depression storage value of 5 mm was assigned for all pervious land cover types following
the initial abstraction depths summarized in Table 3.1 of TP-108.

The SCS curve number method was used to calculate infiltration as per the 2022 GHD Report.  The sub 
catchments were assigned curve numbers of 61 or 74 for the silt or loam surficial soil type, respectively, 
with a grassland cover.  

It is important to note that the model updates were applied to the sub catchments draining to Outfalls A, B, 
C, D, and E only.   

3.1.3 Rainfall inputs 
For the flood assessment, rainfall was modelled using a design storm approach based on the requirements 
outlined in the PNCC Engineering Standards for Land Development (ESLD) (2019).  The updated models 
were used to calculate the pre-development flow rates for the 2-year, 10-year, and 100-year return period 
events only.  

Historical rainfall data were used to form the hyetographs for the pre-development model, and the climate 
change projected rainfall was used to form hyetographs for the post-development model using the RCP 6.0 
climate change scenario for the 2081 to 2100 time period (as per PNCC ESLD).  The RCP 6.0 2081 to 
2100 rainfall intensities are generally 11 to 14% larger than historical values.  

A continuous modelling approach was used to inform the erosion assessment to calculate the total erosive 
forces imposed on the receiving watercourses across the representative range of flow events, which utilised 
5-years of continuous hourly rainfall data as input.

No changes to the design storm hyetographs or continuous rainfall timeseries applied in the 2022 GHD 
Report were implemented.  

3.1.4 Drainage system 
No changes to the pre-development drainage system presented in the 2022 GHD Report were made as 
part of the model updates. 

3.2 Post-development uncontrolled model 
The post-development model was developed to include the full extent of residential development within the 
study area, excluding stormwater management controls.  The predicted post-development flow rates and 
volumes were compared to the target flow rates computed by the pre-development model to determine the 
storage volume required to attenuate the 2-year, 10-year, and 100-year post-development peak flow rates 
to the corresponding target peak flow rates.  

3.2.1 Sub catchment delineation 
The post-development sub catchment areas were modified from the pre-development sub catchments in 
the study area to represent the preliminary structure plan layout.  The lots were assumed to be graded 
toward the roads, where minor flows are captured and conveyed through a reticulated storm sewer system 
and major flows are conveyed along the roading corridor.  

The post-development sub catchments presented in the 2022 GHD Report were based on the preliminary 
structure plan layout by McIndoe Urban (received 16 October 2019).  The modelling update incorporated 
minor modifications to the sub catchment boundaries to ensure the full developable area was represented 
in the model based on the subsequent revisions to the structure plan layout (final dated 11 May 2022).  The 
post-development sub catchments are shown on Figure 2.  
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Figure 2A Overview of post-development sub catchment boundaries and minor discharge locations  
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Figure 2B Post-development sub catchment boundaries (north section) and minor discharge locations 
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Figure 2C Post-development sub catchment boundaries (central section) and minor discharge locations  
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Figure 2D Post-development sub catchment boundaries (south section) and minor discharge locations  

3.2.2 Sub catchment parameters 
The original post-development sub catchment parameters were reviewed and modified to add conservatism 
and increase consistency between the approaches used to characterise the pre-and post-development 
models.  The post-development sub catchments located within the developable area were characterised as 
follows: 

- Flow lengths were measured as the longest flow path from the back of the lots to the roading
corridor plus a fraction (approximately 10%) of the road length to account for the portion of the total
flow length that travels quickly as channelized flow.

- Sub catchment slopes were calculated along the path of the flow length based on the existing
topography.  A minimum slope of 2% was assigned, which considers future grading works.

- Most developable areas were assigned an imperviousness of 70% (i.e., 30% permeable) (based on
typical PNCC practice for recent structure plans.

- Manning’s ‘n’ values of 0.013 and 0.15 were assigned to the impervious (asphalt, concrete) and
pervious (maintained grass) land cover types, respectively (USEPA, 2015).
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- Typical depression storage values of 2 mm and 5 mm were assigned to the impervious and
pervious land cover types, respectively (USEPA, 2015; TP-108).

In the original post-development model, the sub catchments were characterised using one set of “lumped” 
parameters based on aggregated land cover and soil types, which is simpler, but still an appropriate 
approach for a feasibility-level study.  The updated models utilise the imperviousness parameter, which 
allows the sub catchments to be characterised using two sets of Manning’s ‘n’ and depression storage 
values: one set for impervious and the other for pervious land cover types.  In addition, in PCSWMM, 
infiltration models are applied to the pervious land cover types only.   

The runoff volumes generated by both impervious and pervious areas are routed directly to the sub 
catchment outlets, which connect to the roading corridors (then the reticulated storm sewer system), or the 
natural drainage channels.  The model does not account for internal routing that may occur if, for example, 
runoff from the impervious areas (roofs, driveways, roads) is directed to lawns or rain gardens prior to 
discharging to the reticulated storm sewer system or the gullies.  As such, the model assumes all runoff 
generated within the catchment will discharge to the designated outfall and will therefore be controlled. 

The natural sub catchments within the study area were characterised following the approach used for the 
pre-development model.  

As per the pre-development model, the post-development model updates were applied to the sub 
catchments draining to Outfalls A, B, C, and D only.   

3.2.3 Rainfall inputs 
No changes to the design storm hyetographs or continuous rainfall timeseries utilised in the 2022 GHD 
Report were implemented.  

3.2.4 Drainage system 
No changes to the approach used to size the reticulated storm sewer and major drainage systems 
presented in the 2022 GHD Report were implemented.  Very minor modifications to the reticulated storm 
sewer system were made to accommodate the site discharge locations.  

4. Stormwater runoff assessment

A flood assessment, erosion assessment, and water quality assessment were undertaken to define the 
targets for design of the stormwater management controls in the development area for runoff generated by 
the 2-year to 100-year return period rainfall events.  

4.1 Flood assessment 
The proposed stormwater management design criterion for flood management is to provide hydraulic 
neutrality by controlling the post-development peak flow rates to pre-development (target) levels through 
the provision of storage.  

Pre-development peak flow rates were calculated at the major discharge locations using the hydrological 
and hydraulic models described in section 3.  Then pre-development unit peak flow rates were calculated 
by dividing the peak flow rates by the corresponding contributing drainage area.  The resultant pre-
development unit peak flow rates were multiplied by the contributing drainage areas of the major and minor 
discharge locations and additional assessment points located within the same system of the post-
development model to establish the target peak flow rates that the post-development peak flow rates are to 
be controlled to. For example, the pre-development unit peak flow rate at Outfall A was used to establish 
the target peak flow rates at all discharge locations and assessment points within the Outfall A contributing 
drainage area of the post-development model.  
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The target peak flow rates were calculated for a range of return periods.  This updated flood assessment 
demonstrates that flood control can be achieved for the runoff generated by the 2-year, 10-year, and 100-
year return period rainfall events.  

4.2 Erosion assessment 
The purpose of the erosion assessment is to understand the impact of the proposed development on the 
potential for erosion in the receiving watercourses, which is determined both by consideration of the 
erosivity of the watercourse bed and bank soils, as well as the magnitude and duration of flows within the 
watercourse. 

The first factor, the erosivity of the watercourse bed and bank soils, is represented by an erosion threshold, 
representing the flow level at which the bed or bank material will experience entrainment. Theoretical 
erosion threshold discharges determined for the Stormwater Management Strategy (GHD, 2022) were 
0.001 m3/s for Aokautere Church Stream (Outlet A and Assessment Point A), 0.003 m3/s for Moonshine 
Valley Reserve Stream (Outlet B and Assessment Point B) and 0.038 m3/s for Tutukiwi Reserve Stream 
(Outlet C, D and Assessment Point C). Assessment Point E is located on Turitea Stream which was not 
previously assessed during the erosion threshold analysis.  The theoretical erosion threshold discharges 
were determined for fine grained non-cohesive material.   

The theoretical erosion threshold discharges were very conservative and are very low flows which may not 
be representative of actual threshold conditions given that the flow depths were estimated to be 0.024 m, 
0.029 m and 0.083 m for typical cross sections in Aokautere Church Stream, Moonshine Valley Reserve 
Stream and Tutukiwi Reserve Stream respectively.  These low flows would not reach the channel banks 
and only cover a very small portion of the channel beds.  A higher threshold of 0.050 m3/s was also 
assessed in the study (GHD, 2022) to represent additional shear resistance provided by underlying 
cohesive fine-grained materials, which may be more realistic in the absence of further field testing.  

It is important to remember that the representative erosion threshold discharge is the discharge at which 
the median grain size (d50) material starts to move.  It is not a measure of erosion.  It is only an estimate of 
the entrainment threshold.  Erosion will only occur if underlying cohesive material is eroded and transported 
material is not replaced by transport of material from upstream.  Erosion exceedance analysis provides a 
method to compare the amount of potential within the system to transport material and potentially cause 
erosion between different flow scenarios. 

Exceedance criteria were determined through the use of a continuous hydrologic model to compare time 
series of discharge over several years.  The frequency or cumulative time of exceedance provides a simple 
comparison of the amount of time the discharge is above the erosion threshold.  It does not however 
account for the excess work above the erosion threshold.  The excess work is dependent on the magnitude 
and duration of the exceedance.  It can be represented by the Cumulative Effective Work Index or the total 
amount of stream power above the erosion threshold as defined by the threshold shear stress.  It is 
calculated following the method described in Rowney and MacRae (1992): 

 ( ) tVPWR thro ∆−= ∑ ττ  

Where PWR  is the cumulative stream energy expended above a threshold value. 

 oτ  is the instantaneous shear stress at any boundary station. 

 thrτ  is the threshold shear at this boundary station. 

 t∆  time step 

 V velocity 
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The Cumulative Effective Work Index was determined for the post-development scenarios and compared to 
the pre-development conditions to determine potential impacts on the local watercourse geomorphology.  
Given the uncertainly of the actual erosion threshold discharge, a sensitivity analysis was also performed to 
assess each major discharge location performance respective to a range of erosion thresholds.  Results 
from the erosion assessment are presented in Section 5.3. 

4.3 Water quality assessment 
The 2022 GHD Report presents a comprehensive list of stormwater management options for water quality 
control, highlighting wetlands, wet ponds, and bioretention devices.  

Wetlands and wet ponds are designed to provide water quality treatment through the provision of a 
permanent pool volume, and slow release of the water quality volume (WQV) over a 24-hour detention 
period.  The WQV is equivalent to the runoff volume generated by the 90th percentile storm event over all 
impervious areas within the catchment.  The 90th percentile rainfall depth over a 24-hour period is 
approximately 15 mm based on the Palmerston North AWS record for the 1991 to 2019 period.  The WQV 
also defines the minimum permanent pool volume of the stormwater management devices.  Wetlands and 
wet ponds provide the additional benefit of effective water quantity control through the active storage 
volume.  

Bioretention devices temporarily store, treat, and infiltrate runoff at the source, and are designed to 
accommodate the water quality flow rate (WQF) calculated using a rainfall intensity of 10 mm/hour (an 
approximate 90th percentile annual rainfall intensity for Palmerston North determined using the Normalised 
24-hour Design Storm distribution from TP-108) for all impervious areas.  The minimum area for a
bioretention bed is calculated as the WQF divided by the infiltration rate of the engineered filter media,
which is typically 1000 mm/hour or less for water quality control only.  A safety factor of 0.5 is applied to the
infiltration rate to account for clogging of the filter material as per the Stormwater Management Devices in
the Auckland Region guideline document (GD 001).

It is important to add that the detention and release of the water quality volume over a 24-hour period is 
also used to provide stream protection for damage by erosion as outlined in GD 001.  The incorporation of 
bioretention devices into the stormwater management plan can also provide erosion protection by capturing 
and infiltrating the first 15 mm of a rainfall event over a 24-hour period.  For the bioretention areas to 
provide detention or retention of the WQV the filter media must have an infiltration rate in the range of 50 to 
300 mm/hour, the underlying soils must have a minimum infiltration rate of 2 mm/hour, and the device must 
drain out within 72 hours.  The bioretention devices would need to be resized based on the total detention 
volume equal to the sum of the ponding, media, and drainage storage volumes, or the total retention 
volume equal to the sum of the infiltration and evapotransporation volumes. The sizing procedure is 
outlined in GD01.  

5. Stormwater concept design

5.1 Overview
For the Aokautere Plan Change the following design criteria are recommended to be adopted: 

- Maintain hydraulic neutrality by controlling runoff peak flows to pre-development levels for the 2-
year to 100-year return period events to manage flood risk.

- Further control of peak flows needed to match the pre-development erosion threshold exceedance
cumulative effective work index in the Aokautere Church Stream (Outfall A), Moonshine Valley
Reserve Stream (Outfall B), and Tutukiwi Reserve Stream (Outfall C)

- Treatment of the 90th percentile rainfall volume (i.e., 15 mm) from the development areas through a
stormwater treatment device or multi-device system (i.e., wetlands, wet ponds, bioretention)
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The location and design of stormwater management controls needs to be considered in the context of a 
number of factors, including (but not limited to): 

- The proposed development layout,

- Sensitive environmental areas (i.e., areas of high vegetation or ecological value),

- Topography of the site,

- Constructability, and

- Ongoing maintenance requirements.

As per the stormwater concept design presented in the 2022 GHD Report, where possible (i.e., when not 
constrained by other factors), stormwater controls were located in the gully system to minimise the impact 
on developable area. 

An environmental constraint study for the Plan Change was completed by Forbes Ecology in parallel with 
the original stormwater assessment, which identified areas of terrestrial/vegetation and aquatic ecological 
value.  Note that the aquatic potential of the Aokautere Church Stream and Moonshine Valley Reserve 
Stream were assessed to be higher downstream of the “low” value vegetation areas, where the streams 
transition from intermittent to permanent.  As well, several wetland and forest areas have been identified by 
Forbes Ecology in the Waters Land property of the Structure Plan area (catchment E02); these areas were 
avoided in the placement of conceptual stormwater facilities.  

The suitability of gullies to contain stormwater management features was assessed based on the 
vegetation and aquatic ecology constraints (e.g., no stormwater controls were recommended for areas of 
“medium” or greater vegetation value), constructability and access, as well as topography of the gullies 
themselves.  A conceptual grading assessment was undertaken to determine the available storage volumes 
within the gullies where stormwater controls are proposed.  Several stormwater controls are in narrow, 
steep portions of the gully with limited opportunities for stormwater detention.  In these cases, the required 
storage volume is distributed between multiple stormwater controls that would be built in series within the 
gully system.  

Where storage within the gullies could not be achieved, the ponds on the plateaus were located outside of 
the revised 20 and 30-degree setback lines, as provided by Tonkin and Taylor.  

5.2 Controlled post-development model (conceptual detention 
pond design) 

The stormwater design concept consists of detention ponds in the gullies and on the plateaus, and 
bioretention devices in the developable area. Figure 2 shows the locations and indicative footprints of the 
detention ponds based on the updated modelling as blue polygons.  

In the 2022 GHD Report the detention ponds were incorporated into the post-development hydrologic and 
hydraulic model to represent the controlled post-development condition.  Then 5-year continuous 
simulations were run using both the pre-development and controlled post-development models to produce 
flow timeseries for the erosion threshold analysis.  The detention pond storage areas were characterised by 
simplified area-depth relationships, where area remained constant with changing depth, and the outlets 
allowed the target peak flow rate to be released from the storage for the corresponding return period rainfall 
event.  For concept design purposes, pond discharge rates corresponding to inflow rates between the 
design peak flow rates were interpolated, and pond discharge for inflow rates less than the 2-year peak flow 
rate were interpolated between 0 and the 2-year target peak flow rate.   

To add conservatism into the stormwater concept design the following details were incorporated into the 
updated controlled post-development model: 

- Detention pond storage areas were characterised by an area-depth relationship assuming area
increases linearly from 0 m2 to the maximum surface area over the depth.
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- Outlets were replaced by combinations of orifice and weir controls, which were included to
demonstrate that multi-level control of the 2-year to 100-year peak flow rates can be achieved.  A
minimum orifice size of 70 mm was used for the detention ponds on the plateaus and in the
upstream gully reaches as recommended in GD 001.  The minimum orifice size was increased to
100-150 mm for centralised detention ponds on the downstream gully reaches, which have a much
larger contributing drainage areas, to balance erosion protection with maintenance considerations.

Table 1 compares the target and controlled peak flow rates at the major discharge locations, minor 
discharge locations, and additional assessment points for the 2-year, 10-year, and 100-year return period 
rainfall events.  The detention ponds are located immediately upstream of the minor discharge locations.  

Table 2 summarises the available storage depth, volume, and surface area of the detention ponds plotted 
on Figure 2 and incorporated into the hydrologic and hydraulic model.  It also summarises the maximum 
design depth, volume, surface area, and available freeboard corresponding to the runoff generated from the 
100-year rainfall event adjusted for climate change.  It is recommended to reconfigure the detention ponds
through grading or provision of storage to have a minimum freeboard of 0.3 m.

Table 1 Detention pond flood assessment performance summary 

Discharge 
location/ 
assessment 
point 

Drainage 
area (ha) 

2-year peak flow rate
(m3/s)

10-year peak flow rate
(m3/s)

100-year peak flow rate
(m3/s)

Target1 Controlled2 Target Controlled Target Controlled 

Major discharge locations and additional assessment points 

A 71.1 0.476 
(0.701) 

0.572 1.687 
(2.314) 

1.400 4.193 
(5.449) 

4.561 

B 97.8 0.828 
(1.241) 

0.500 3.002 
(4.051) 

1.824 7.172 
(8.908) 

5.421 

C3 8.9 0.068 
(0.105) 

0.092 0.258 
(0.349) 

0.277 0.617 
(0.782) 

0.708 

D 228.9 1.293 
(1.896) 

1.718 4.486 
(6.091) 

5.926 11.453 
(14.675) 

13.970 

E 97.8 0.273 
(0.411) 

0.209 1.122 
(1.640) 

0.825 3.649 
(5.002) 

3.575 

AP A 68.1 0.456 
(0.672) 

0.439 1.616 
(2.216) 

0.825 4.015 
(5.218) 

3.775 

AP B 86.7 0.734 
(1.100) 

0.376 2.661 
(3.591) 

1.381 6.358 
(7.897) 

3.870 

AP C 7.4 0.076 
(0.118) 

0.063 0.290 
(0.392) 

0.203 0.693 
(0.878) 

0.512 

Minor discharge locations at detention pond outlets4 

A01 1.571 0.011 
(0.015) 

0.014 0.037 
(0.051) 

0.074 0.093 
(0.120) 

0.376 

A02-3-4-5 60.9 0.408 
(0.600) 

0.374 1.444 
(1.980) 

0.947 3.589 
(4.664) 

3.231 

A03 4.6 0.031 
(0.046) 

0.051 0.110 
(0.150) 

0.539 0.272 
(0.354) 

1.030 

A04 2.0 0.014 
(0.020) 

0.015 0.048 
(0.066) 

0.151 0.119 
(0.155) 

0.466 

A05 32.3 0.216 
(0.318) 

0.149 0.765 
(1.050) 

0.346 1.902 
(2.472) 

0.512 

B01 2.4 0.020 
(0.031) 

0.015 0.074 
(0.100) 

0.164 0.177 
(0.220) 

0.489 
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B02 2.2 0.018 
(0.027) 

0.015 0.066 
(0.089) 

0.166 0.158 
(0.196) 

0.501 

B03 2.8 0.024 
(0.036) 

0.051 0.086 
(0.116) 

0.408 0.205 
(0.255) 

0.655 

B04 0.8 0.007 
(0.011) 

0.012 0.026 
(0.035) 

0.055 0.062 
(0.077) 

0.200 

B05 56.0 0.474 
(0.711) 

0.087 1.720 
(2.321) 

0.446 4.109 
(5.104) 

2.288 

 B05-1 4.1 0.034 
(0.052) 

0.017 0.125 
(0.168) 

0.191 0.298 
(0.371) 

0.922 

B05-2 1.1 0.010 
(0.014) 

0.018 0.035 
(0.047) 

0.021 0.084 
(0.104) 

0.024 

B05-3 2.3 0.019 
(0.029) 

0.026 0.071 
(0.095) 

0.031 0.169 
(0.209) 

0.038 

B05-4 24.9 0.210 
(0.315) 

0.181 0.761 
(1.027) 

0.962 1.819 
(2.259) 

3.606 

B05-5 22.3 0.189 
(0.284) 

0.343 0.686 
(0.926) 

1.072 1.639 
(2.036) 

3.431 

B05-6A 17.5 0.148 
(0.221) 

0.417 0.536 
(0.723) 

0.936 1.280 
(1.590) 

2.970 

B05-6B 15.7 0.133 
(0.199) 

0.481 0.481 
(0.648) 

0.871 1.148 
(1.426) 

2.841 

B05-7A 31.2 0.264 
(0.396) 

0.119 0.959 
(1.294) 

0.554 2.291 
(2.845) 

1.946 

B05-7B 31.2 0.264 
(0.396) 

0.033 0.959 
(1.294) 

0.409 2.291 
(2.845) 

1.753 

B05-8A 22.8 0.193 
(0.289) 

0.136 0.699 
(0.944) 

0.627 1.671 
(2.075) 

1.628 

B05-8B 22.8 0.193 
(0.289) 

0.101 0.699 
(0.944) 

0.424 1.671 
(2.075) 

1.356 

B05-9 4.7 0.040 
(0.060) 

0.059 0.146 
(0.196) 

0.597 0.348 
(0.432) 

1.064 

B05-10 14.7 0.125 
(0.187) 

0.110 0.452 
(0.610) 

0.299 1.080 
(1.341) 

0.635 

C01 4.7 0.048 
(0.075) 

0.028 0.183 
(0.248) 

0.099 0.439 
(0.556) 

0.171 

C02 0.8 0.008 
(0.012) 

0.012 0.030 
(0.041) 

0.041 0.072 
(0.091) 

0.117 

D01 9.1 0.052 
(0.076) 

0.051 0.179 
(0.244) 

0.458 0.458 
(0.587) 

2.007 

D02A 4.2 0.023 
(0.034) 

0.013 0.081 
(0.111) 

0.030 0.208 
(0.266) 

0.110 

D02B 4.2 0.023 
(0.034) 

0.011 0.081 
(0.111) 

0.019 0.208 
(0.266) 

0.094 

D03 4.7 0.027 
(0.039) 

0.015 0.093 
(0.127) 

0.054 0.239 
(0.306) 

0.226 

E01 97.8 0.273 
(0.411) 

0.209 1.122 
(1.640) 

0.825 3.649 
(5.002) 

3.575 

E02 68.7 0.192 
(0.288) 

0.154 0.787 
(1.152) 

0.535 2.562 
(3.512) 

2.562 
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Notes: 
1. Target is equal to the pre-development flow rate using historical rainfall. Pre-development flow rate using

climate change adjusted rainfall is provided in brackets.
2. Green – attenuates impacts of development + climate change; Orange – attenuates impacts of development

only; Red – does not attenuate development impacts.
3. Drainage area is significantly increased from pre- to post-development conditions; therefore, the target flow rate

is equal to the pre-development flow rate at Outfall C.
4. Bolded numbers represent centralised detention ponds with larger contributing drainage areas.

Table 2 Detention pond geometry summary 

Minor 
discharge 
location 

Available 
depth (m) 

Available 
volume (m3) 

Available 
surface area 
(m2) 

Maximum 
depth (m) 

Maximum 
volume (m3) 

Available 
freeboard 
(m) 

A01 2.5 513 410 2.25 415 0.25 

A02-3-4-5 3.0 5,936 3,957 2.94 5,695 0.06 

A03 3.0 726 484 2.80 631 0.20 

A04 2.5 613 490 2.26 499 0.24 

A05 3.0 18,462 12,308 2.71 15,028 0.29 

B01 2.5 813 650 2.26 663 0.24 

B02 2.5 638 510 2.26 521 0.24 

B03 2.5 700 560 2.27 578 0.23 

B04 2.0 220 220 1.73 165 0.27 

B05 3.0 2,121 1,414 2.83 1,886 0.17 

 B05-1 3.0 516 344 2.79 446 0.21 

B05-2 3.0 636 424 1.34 126 1.66 

B05-3 3.0 417 278 2.7 338 0.30 

B05-4 3.0 1,142 761 2.93 1,086 0.07 

B05-5 3.0 1,010 673 2.92 955 0.08 

B05-6A 3.0 1,134 756 2.90 1,058 0.10 

B05-6B 3.0 3,366 2,244 2.85 3,044 0.15 

B05-7A 3.0 1,140 760 2.85 1,028 0.15 

B05-7B 3.0 1,560 1,040 2.82 1,380 0.18 

B05-8A 3.0 1,140 760 2.79 984 0.21 

B05-8B 3.0 1,275 850 2.82 1,124 0.18 

B05-9 3.0 449 299 2.80 390 0.20 

B05-10 3.0 5,415 3,610 2.49 3,724 0.51 

C01 2.3 2,760 2,400 2.29 2,744 0.01 

C02 2.0 210 210 1.93 196 0.07 

D01 3.0 1,305 870 2.85 1,176 0.15 

D02A 3.0 1,889 1,259 2.38 1,191 0.62 

D02B 3.0 861 574 1.82 317 1.18 

D03 3.0 2,844 1,896 2.95 2,754 0.05 

E01 2.5 8,530 6,824 2.41 7,925 0.09 
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Minor 
discharge 
location 

Available 
depth (m) 

Available 
volume (m3) 

Available 
surface area 
(m2) 

Maximum 
depth (m) 

Maximum 
volume (m3) 

Available 
freeboard 
(m) 

E02 3.0 16,809 11,206 2.95 16,257 0.05 

Table 1 includes the target peak flow rates calculated using the historical climate, with the pre-development 
peak flow rates calculated using the climate change adjusted rainfall in brackets.  The performance results 
show that the combined effect of the detention ponds can attenuate the increased runoff due to both 
development and climate change at Outfalls B and E, and Assessment Points A, B, and C for the 2-year, 
10-year, and 100-year return period events.  Hydraulic neutrality is also achieved for the 10-year peak flow
rate at Outfall A.  The detention ponds located in the contributing drainage areas of Outfalls C and D are
able to attenuate the increased runoff due to development only for the 2-year, 10-year, and 100-year
events, which can be explained by the increase in contributing drainage area to Outfall C from pre-
development conditions (i.e., 6.6 ha in pre-development conditions to 8.9 ha in post-development
conditions, which was further reduced from the 2022 GHD Report), and the large undeveloped area that
drains to Outfall D.  Outfall D was selected as the most upstream point that captures impacts from
development within the D01, D02A, D02B, and D03 sub catchments; however, it has a small developable
area compared to its undeveloped area.  The developable area is approximately 18.1 ha, compared to the
total contributing drainage area of 228.9 ha.  The detention ponds located within the Outfall D catchment
are too small to accommodate the increased runoff due to climate change over 228.9 ha.

Due to the spatial constraints discussed above (i.e., valuable vegetation, existing development, steep 
topography) it was not possible to achieve hydraulic neutrality at each of the minor discharge locations.  
However, the combined performance of the detention ponds resulted in hydraulic neutrality at centralised 
points on the gully systems.  This is achieved by overcontrolling runoff in the detention ponds where space 
is available.  The centralised detention ponds are bolded in Table 1.  These ponds have relatively larger 
contributing drainage areas and provide larger storage volumes.  

It is important to note that there is a 3.0 ha area at the north end of the Outfall A catchment that is currently 
developed.  Due to vegetative constraints, development, and topographic constraints, the area discharges 
directly to Outfall A uncontrolled.  Assessment Point A was included to assess the performance of the 
detention ponds immediately upstream of where the uncontrolled runoff enters the system.  Similarly, 
Assessment Point B was located downstream on the gully system, but upstream B01 and B02, which are 
undersized due to limited space within the developable area.  Assessment Point C is located at the most 
upstream point that captures the discharge from both C01 and C02.  It excludes runoff from the 
undeveloped area that is impacted by climate change.   

The detention ponds that do not meet the performance criteria are typically located on the plateaus or in the 
steep upper reaches of the gully systems.  Most of their available storage is utilised to attenuate the 90th 
percentile rainfall depth over a 24-hour period for erosion protection.  Pond outflow hydrographs for the 
runoff corresponding to the 90th percentile rainfall event is included in Attachment B.  Due to the long 
drawdown time, the conceptual detention ponds are at risk of being not empty in back-to-back rainfall 
events.  However, based on the size of the ponds the probability of back-to-back large rainfall events 
overtopping the ponds is considered to be low. This should be confirmed as part of detailed design by 
running a long-term time series to test the performance of the pond over multiple years using actual rainfall 
data. 

5.3 Erosion assessment results 
An erosion sensitivity analysis was completed for both existing and proposed flow scenarios.  The erosion 
exceedance was compared between pre-development and post-development-controlled scenarios for a 
range of erosion thresholds.  Figure 3 shows the plot of percent differences of the cumulative effective 
work index between pre-development and post-development controlled scenarios for each discharge point. 
The point when the percent difference in cumulative effective work index falls below 0% is the point when 
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the proposed mitigation measures decrease erosion potential within the receiving watercourse.  The results 
show that the overall cumulative effective work decreases if the erosion threshold is greater than 0.01 m3/s 
for outlet C, 0.02 m3/s for outlets B, AP_B and AP_C, 0.03 m3/s for outlet A and 0.04 m3/s for outlet AP_A. 
Outlet D experiences a decrease in cumulative effective work at the smallest threshold of 0.003 m3/s.  

An erosion threshold discharge between 0.010 m3/s and 0.040 m3/s seems reasonable given the size of the 
watercourses and the presence of underlying cohesive material. This low discharge would be a very 
shallow flow and would have minimal impacts on the channel banks.  These thresholds could be checked in 
the field by measuring flows and observing potential sediment entrainment. 

Figure 3 Threshold Discharge vs. Cumulative effective work index for pre- and post-development controlled 
conditions. 

The erosion exceedance analysis of the preliminary controlled post-development conditions indicate that 
the proposed stormwater detention volumes required for flood risk mitigation would be adequate to mitigate 
erosion risk, assuming the channel bed can withstand flows up to 0.010 m3/s – 0.020 m3/s in Moonshine 
Valley Reserve Stream (Points B and AP_B) and 0.03 m3/s to 0.04 m3/s in Aokautere Church Stream 
(Points A and AP_A) before the median sized material begins to move.  However, this is in comparison only 
to the pre-development conditions and rates of erosion.  The Aokautere Church Stream and Moonshine 
Valley Reserve Stream will remain highly sensitive to erosion in the future regardless of upstream 
development and will continue to erode and degrade in a manner that may create slope stability risk or 
water quality impacts. 

5.4 Peak flow impact assessment 
The proposed stormwater management is designed to reduce peak flows and reduce erosion in the 
downstream environment.  Although peaks were reduced from pre-development to post-development 
conditions, this does not necessarily make the receiving watercourse stable.  Erosion within gullies is a 
natural process and is anticipated to continue, despite a reduction in peak flow rates.  To prevent erosion 
from occurring within the natural gullies over a 100-year planning horizon, additional measures would be 
needed to prevent erosion, or alternatively an adequate setback on the river terrace plateaus would need to 
be established to account for future erosion and downcutting within the gullies.  
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5.5 Water quality control 
No changes were made to the method used to calculate the WQV, which is equivalent to permanent pool 
storage in the detention ponds, or to calculate the WQF to size the bioretention devices.  However, these 
calculations were updated to reflect the minor changes to the minor discharge locations from the 2022 GHD 
Report. Table 3 summarises the updated WQV and bioretention footprints for water quality control only 
required within the developable areas.  

Table 3 Updated bioretention footprints and permanent pool volumes. 

Minor 
discharge 
location Area (ha) 

Impervio
us area 
(ha) 

Percent 
impervio
us area 
(%) 

Runoff 
coefficien
t (-) 

WQF 
(m3/hour) 

Bioretenti
on 
footprint 
(m2) 

Permane
nt pool 
volume 
(m3) 

A01 1.57 1.1  70  0.68       106.9   220   170 

A02(1) 8.5 5.95  70  0.68       578.0         1,160   900 

A03 4.62 3.24  70  0.68       314.7   630   490 

A04 2.03 1.42  70  0.68        139.0   280   220 

A05 32.3 20.6  64  0.62     2,015.5         4,040         3,090 

B01 2.42 1.69  70  0.68        164.2   330   260 

B02 2.2 1.5  70  0.68       146.7   300   230 

B03 2.8 2.0  70  0.68       190.4   390   300 

B04 0.8 0.6  70  0.68         57.3   120     90 

B05-1 4.1 2.9  70  0.68       276.9   560   430 

B05-2-3 2.3 1.6  70  0.68       156.4   320   250 

B05-4-5-6 24.8 14.7  59  0.58     1,448.8         2,900         2,210 

B05-7-8-
9-10 31.2   16.9  54  0.54     1,673.6         3,350         2,530 

C01 4.7 3.3  70  0.68       317.7   640   500 

C02 0.8 0.5  70  0.68         52.5   110     90 

D01 9.2 6.4  70  0.68       622.7         1,250   970 

D02 4.2 2.9  70  0.68       282.7   570   440 

D03 4.8 3.3  70  0.68       324.5   650   510 

E01 68.7 13.0  19  0.22     1,509.8         3,020         1,950 

E02 97.8 27.5  28  0.30     2,966.9         5,940         4,130 

It is important to reiterate that the bioretention devices were conservatively not included in the controlled 
post-development model used to size the detention ponds for flood and erosion control.  It is recommended 
to use bioretention devices for water quality control as well as erosion protection, as they can also provide 
runoff control at the source for more frequent events, prior to discharging to the gully system.  



This Technical Memorandum is provided as an interim output under our agreement with Palmerston North City Council. It is provided to foster discussion in relation 
to technical matters associated with the project and should not be relied upon in any way. 

12588291 20 

6. Conclusions and Recommendations

This technical memorandum summarises the updates to the hydrologic and hydraulic models used to 
inform the Aokautere Plan Change G Stormwater Management Strategy.  Updated sizing and locations of 
the detention ponds and sizing of bioretention devices are provided to meet the design criteria.  The intent 
of this work is to provide indicative footprints for the required stormwater management controls for the 
structure plan area as a feasibility test only; these locations and footprints are to be confirmed through 
subdivision design stage to assess site-specific requirements and constructability.  Further, the detention 
pond designs should include a geotechnical analysis to demonstrate that the proposed detention ponds will 
not cause slope stability issues due to increased wetting of the soils, or removal of vegetation to construct 
the outlet berms.  

The detention pond outlet structures must be carefully designed, and the system must be regularly 
inspected and maintained to prevent clogging of the low-capacity orifices included for erosion control.  
Alternatively, it may be determined through detailed design that erosion protection can be achieved within 
the developable area through different combinations of bioretention devices, detention pond storage, or 
super pipe storage within the reticulation system.  Prior to the approval of any engineering plans for the 
proposed developments, the developer should be required to provide a stormwater management report and 
design demonstrating compliance with these design criteria and concepts which includes the method for 
capturing all runoff up to the 100-year event on the plateaus.  The designed stormwater controls may need 
to be assessed holistically to demonstrate that hydraulic neutrality is met within the gully system.  

7. References

Auckland Council, Stormwater Management Devices in the Auckland Region, Guideline Document 
2017/001 Version 1, 2017. 

Auckland Regional Council, Guidelines for stormwater runoff modelling in the Auckland Region, Technical 
Publication No. 108, April 1999. 
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Regards 

Jeff Doucette 
Senior Geomorphologist 

Tony Miller 
Technical Director - Water 
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