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QUALIFICATIONS AND EXPERIENCE 

1. My name is David Christopher Arseneau.  

2. I am a Senior Water Engineer at GHD Limited. 

3. My evidence is given on behalf of Horowhenua District Council (HDC) in 

relation to its applications under section 88 of the Resource Management 

Act 1991 (RMA) for resource consents relating to a stormwater 

management project in North-East Levin (the Project). 

4. I have the following qualifications and experience relevant to the evidence I 

shall give: 

(a) I hold a degree in Civil Engineering with a specialisation in Water 

Resources from the University of Waterloo (Canada), obtained in 2008, 

and a Master of Engineering in Public Policy degree from McMaster 

University (Canada), obtained in 2011; 

(b) I have 13 years of engineering consulting experience in the fields of 

stormwater management, flood assessment and mitigation, erosion and 

sediment control, and the restoration of natural streams. I have been a 

practicing water resources engineer since 2008 and have been working 

in New Zealand since August 2019. I have experience in the analysis, 

design and construction of a variety of water resources infrastructure in 

Canada, including stormwater management systems/facilities, drainage 

improvements, flood risk assessments and river engineering works. In 

New Zealand I have undertaken development of stormwater 

management plans for large residential developments, such as the 

Tara-Ika residential area in Levin (approximately 420 ha in size), and 

the Aokautere and Kākātangiata growth areas in Palmerston North 

(approximately 250 ha and 690 ha in size, respectively). I have also 

worked with local Councils on numerous smaller subdivision reviews 

and stormwater management plans, and have undertaken the design of 

stormwater attenuation facilities, fish passage assessments in urban 

streams, and stopbank upgrades for flood protection. I have been 

engaged by HDC since June 2020 to assist with the planning, design 

and implementation of stormwater infrastructure in North-East Levin; 

(c) I am a licensed Professional Engineer (P.Eng.) in the Canadian 

province of Ontario (since 2011) and a Chartered Member of 

Engineering New Zealand (CMEngNZ); and 
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(d) I have prepared evidence for several projects since arriving in New 

Zealand in August 2019, all relating to the stormwater aspects of each 

project. These projects include a small subdivision application in an 

area of existing stormwater issues, the Notification of Requirement for a 

new roadway through a natural gully, the Notification of Requirement 

for KiwiRail’s proposed Freight Hub in Palmerston North, HDC’s Plan 

Change 04 for the Tara-Ika Residential Area (ongoing), and the current 

North-East Levin project.  

5. I confirm that I have read the Code of Conduct for expert witnesses 

contained in the Environment Court Practice Note 2014. My evidence has 

been prepared in compliance with that Code. In particular, unless I state 

otherwise, this evidence is within my area of expertise and I have not 

omitted to consider material facts known to me that might alter or detract 

from the opinions I express. 

BACKGROUND AND ROLE 

6. My involvement with the Project commenced in June 2020 when GHD was 

retained by HDC to undertake the detailed design of the “Coley Pond”, 

which is the first in the line of proposed stormwater attenuation ponds that 

are included in the Project. I was GHD’s project manager and lead engineer 

for the work. Since that time, HDC retained me to provide additional 

stormwater technical analysis to support the resource consent application, 

building off of the original project analysis completed by GHD in 2019. 

Through this additional analysis I have produced the “Stormwater Modelling 

Report”, dated 02 July 2021, a supplementary memo on the “Impacts of 

Proposed Activity on Powelliphanta Snail Communities along Koputaroa 

Stream”, dated 27 July 2021, and have contributed to the various s92 

correspondence from HDC to Horizons Regional Council.  

SCOPE OF EVIDENCE 

7. My evidence addresses the following matters: 

(a) a brief review of the stormwater analysis included in the original 

consent application documents, and the need for an updated technical 

analysis which was commenced in approximately March 2021; 

(b) a revised stormwater analysis of the Project within the Koputaroa 

watershed, updated from the 2019 consent application; 
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(c) a review of potential stormwater effects resulting from the Project; 

(d) a discussion of mitigation measures to address potential effects; 

(e) a response to submissions; and 

(f) a response to the section 42A report. 

EXECUTIVE SUMMARY 

8. Stormwater analysis and design has been undertaken for the Project to 

quantify the potential effects of proposed urban development in North-East 

Levin and design appropriate mitigation measures.  

9. The analysis has been based on industry-appropriate modelling methods 

and assumptions and has employed a conservative design storm to assess 

potential effects. 

10. Stormwater flow values stated in the consent application did not reflect the 

entire contributing catchment to the Koputaroa Tributary and have been 

corrected in updated technical analysis.  

11. Urban development results in increase to both runoff peak flow and runoff 

volume; the effects of both of these increases were assessed in the 

technical analysis. 

12. Mitigation of increases to runoff peak flow is adequately achieved through 

implementation of the proposed attenuation ponds along the Koputaroa 

Tributary, namely Pond 1 (Coley Pond), Pond 3 and Pond 4.  

13. Mitigation of increases to runoff volume is considered best achieved in the 

first instance through erosion monitoring of the Tributary downstream of the 

proposed attenuation ponds. 

14. Potential flooding effects related to the increase in runoff volume are 

considered to be less than minor in the location where such an effect would 

occur, namely the Koputaroa floodplain upstream of and adjacent to the 

Manawatū River stopbanks.  

15. The analysis demonstrates that potential effects from the Project can be 

mitigated to be less than minor using the measures and approaches 

detailed in the consent application and supporting documents.  
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STORMWATER ANALYSIS ASSUMPTIONS  

16. The analysis and design of the proposed attenuation ponds have been 

based on the stormwater modelling and parameters documented in the 

report “Fairfield – Roslyn – Stormwater Structure Plan Concept Design 

Report”, dated December 2019 and authored by GHD.  

17. Specifically, the flow scenario used in the analysis and design of the 

proposed attenuation ponds was Scenario 2: unmitigated “full flow” 

development, with all contributing flow areas included.  

18. The 2019 report in turn employed an InfoWorks ICM stormwater model of 

Levin developed by GHD in 2015 and included model modifications to 

represent proposed residential growth in North-East Levin. This information 

is summarised in the Stormwater Modelling Report.  

19. Assumptions for the modelling and assessment of the potential effects of 

the Project on the Koputaroa Watershed are summarised in the Stormwater 

Modelling Report.  

CORRECTION OF STORMWATER INFORMATION FROM ORIGINAL 

APPLICATION 

20. The consent application documents for the Project included an assessment 

of stormwater conditions that incorrectly considered only one of the 

stormwater inflows into the Tributary, namely the inflow from the proposed 

Roslyn Road pipe. This resulted in the peak flow and total volume values 

included in the original application, listed below: 

(a) Existing development: 2.23 m3/s 

(b) Existing and Future development (no mitigation): 2.9 m3/s 

(c) Existing and Future development (with mitigation): 0.87 m3/s 

(d) Increase in runoff volume (100-yr event): 3,700 m3 

21. Although the reason for this error cannot be confirmed, it likely originated 

from a 2019 GHD report regarding the conceptual design of the Roslyn 

Road pipe which included the peak inflow values that were used in the 

application prepared by other parties but did not include the values for the 

Fairfield Road inflow as it was not a focus of that report. However, both the 
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2019 GHD report and updated technical analysis completed by GHD in 

2021 rely on the same stormwater model that was developed by GHD for 

HDC in 2015, which includes both the Roslyn Road and Fairfield Road 

stormwater inflows to the Tributary. Thus, this can be considered an 

accidental omission from the original application, rather than a fundamental 

flaw in the underlying technical analysis. The updated analysis presented in 

the Stormwater Modelling Report corrects this omission and considers all 

expected stormwater inflows to the Tributary resulting from the Project. 

SUMMARY OF UPDATED TECHNICAL ANALYSIS 

22. The updated stormwater technical analysis is described in detail in the 

Stormwater Modelling Report. In the paragraphs below I provide a summary 

of the analysis results, stormwater effects and potential mitigation 

measures. Concept design drawings of the proposed work are included in 

Appendix A.  

23. Potential stormwater effects resulting from urban development are related 

to increases in runoff peak flow (how fast the water is discharged), runoff 

volume (how much water is discharged), and the quality of the runoff. The 

stormwater analysis included characterisation of runoff peak flow and 

volume; however, the scope of the Stormwater Modelling Report did not 

include specific assessment of potential water quality effects.  

24. Increases in runoff peak flow are typically associated with flooding effects in 

downstream areas, due to the capacity of the downstream receiving 

channels. Higher peak flows lead to more frequent overtopping of 

streambanks and culverts, higher flood levels, and larger flooded areas. 

Typical mitigation measures include attenuation ponds, rainwater tanks, 

and any features that slow down or buffer runoff. 

25. Increases in runoff volume are typically associated with erosion effects in 

downstream channels that do not have flow capacity constraints, even 

when peak flows are no higher than pre-development levels. This is due to 

the increase in energy applied by the flow to the streambanks through the 

need to convey more water through the same channel. Typical mitigation 

measures include soakage and infiltration that discharge water to ground 

rather than into the receiving stream.  

26. Increases in runoff volume are also associated with flooding effects in 

downstream channels that are constrained in flow capacity, such as the 
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Koputaroa Stream in situations where the Manawatū floodgates are closed. 

In these situations the increase in runoff volume accumulates in the 

constrained system, leading to potentially higher flood levels and larger 

flooded areas.  

27. The key difference between the stormwater results included in the 2019 

application documents and the 2021 updated analysis are the existing and 

future development runoff peak flows and volumes into the Tributary, listed 

below: 

(a) Existing development: 3.4 m3/s (compared to 2.23 m3/s) 

(b) Existing and Future development (no mitigation): 8.25 m3/s (compared 

to 2.9 m3/s) 

(c) Existing and Future development (with mitigation): 3.4 m3/s (compared 

to 0.87 m3/s) 

(d) Increase in runoff volume (100-yr event): 76,906 m3 (compared to 

3,700 m3) 

28. The stormwater analysis demonstrates that the proposed attenuation ponds 

reduce the post-development runoff peak flow to pre-development levels 

(i.e., 3.4 m3/s in both cases), indicating that peak flow-related effects will be 

mitigated.  

29. The critical result for assessment of potential effects in the Koputaroa 

catchment was determined to be the runoff volume, considering the existing 

floodgate at the confluence of the Koputaroa Stream and Manawatū River. 

Although the peak flow is controlled through attenuation ponds, in 

conditions where the floodgate is closed it is the raw volume of additional 

stormwater that will most contribute to potential effects, essentially akin to 

adding more water to a bathtub with the plug in. As such, a key focus of the 

Stormwater Modelling Report was the estimation of the significance of the 

increase in runoff volume from the Project relative to the Koputaroa 

Watershed as a whole. The proportional contribution of the additional 

volume compared to the total volume at key points along the Stream, 

illustrated in Figure 1, are listed below for the 100-year ARI flow event (see 

Table 3.6 in Stormwater Modelling Report): 

(a) In Tributary downstream of proposed attenuation ponds: 43.1% 
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(b) At confluence of Tributary and Koputaroa Stream: 10.1% 

(c) At location of identified Powelliphanta snail habitat: 2.6 to 3.0% 

(d) At Manawatū floodgates: 2.3% 

 

Figure 1 Reference locations along Koputaroa Stream for assessment of effects 

 
30. In terms of the proportional contribution of flow volume along the Stream, I 

consider areas where this proportion is approximately 10% or less to have a 

less than minor effect for volume-related stream erosion effects. Based on 

this threshold, mitigation of flow volume-related stream erosion effects were 

considered for the Tributary into which the Project discharges, up to its 

confluence with the Koputaroa Stream.  

31. Mitigation of volume-related erosion effects are described in the Stormwater 

Modelling Report, and include monitoring of the Tributary to identify erosion 

impacts that may occur; widening of the channel to increase flow area and 

reduce erosive energy; planting vegetation on channel banks to provide a 

Manawatū Floodgates

Powelliphanta 

Snails

Tributary Confluence
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reinforcing root structure; installing rip rap along vulnerable channel banks; 

realigning the Tributary channel away from at-risk property and 

infrastructure; and installing grade-control structures in the Tributary to 

prevent incision.  

32. The recommended approach is to monitor the Tributary for potential erosion 

effects as the extent of upstream development increases. Areas of the 

Tributary which may be affected by the additional runoff volume can then be 

identified and mitigated. This approach is reflected in the evidence of Mr. 

McConchie (paragraph 100) and Mr Christensen (sections D and E in 

general), and is included in the proposed conditions for the Project.  

33. Similarly, my analysis estimated incremental flood depths around the lower 

reaches of the Koputaroa Stream that would result from the additional 

runoff volume, based on estimates of the total potential flooded area (see 

Table 3.7 in Stormwater Modelling Report).  

34. Anecdotal evidence provided by some of the downstream landowners who 

provided submissions on this application identify large flooding extents, with 

one submission from Peter and Mathew Kernohan speaking of flooding 

extending 4 kilometres west from the Koputaroa stopbanks. This would 

indicate a total flooded area on the order of several hundred hectares at 

least, and a potential additional depth of flooding resulting from the project 

ranging from 10 to 20 millimetres.  

35. Expert conferencing with the technical experts of Horizons Regional Council 

has indicated incremental depths of 100 millimetres to have a less than 

minor effect. This is reflected, albeit not explicitly with respect to the 100 

millimetre threshold, in the evidence of Mr McConchie, paragraphs 86 

through 94, wherein he concurs that the shallow nature and short duration 

of additional flooding can be considered as having a less than minor effect.  

36. The locations of previously identified Powelliphanta snail habitat are 

adjacent to sections of Koputaroa Stream where the expected volume-

related flooding effects have been considered in the memo I provided to 

HDC titled “Impacts of Proposed Activity on Powelliphanta Snail 

Communities along Koputaroa Stream”, dated 27 July 2021. My analysis 

indicates that of the four identified sites, only Site 1, located furthest 

downstream, would be expected to experience any difference in hydrologic 

regime due to the Project. This difference has been estimated at a 

maximum increase of 2.6% to 4% in water level with no increase in flooded 
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extent, and would only be expected in severe flooding conditions where the 

Manawatū floodgates are closed and water has backed up from the 

floodgates to the snail habitat locations.  

RESPONSE TO SUBMISSIONS 

Submissions from downstream landowners 

37. 12 submissions were received from landowners located downstream of the 

Project, who generally oppose the Project. The submissions, while each 

unique, generally include the range of technical concerns listed below which 

I address in subsequent paragraphs: 

(a) lack of capacity in the existing Koputaroa Stream to accommodate the 

proposed additional flow, with relatively frequent flooding under current 

circumstances; 

(b) impact of urban runoff volume and quality on high-value agricultural 

land, including increased sediment loads, increased contamination, 

impaired productivity, etc.; 

(c) concern that sewage/fuel may be discharged along with the 

stormwater; 

(d) there is currently no pump on the Koputaroa Stream to pump water 

when flood gates are closed, contrary to statements in the original 

application documents; 

(e) concern that stormwater is being diverted from another catchment into 

the Koputaroa Stream; and 

38. The issue of capacity within the Koputaroa Stream and the impacts of the 

Project on that capacity is the primary focus of the Stormwater Modelling 

Report, and is discussed in detail in that report and in earlier sections of this 

evidence. In summary, the effects of the increased stormwater volume from 

the Project has been shown to be less than minor on downstream 

properties, relative to the current volumes of water contributed from the 

remainder of the Koputaroa Watershed. No increases to peak stream flow 

will result from the Project, and therefore no effects from higher stream 

flows will be realised. 

39. In respect of the impacts of increased urban runoff volume and associated 

runoff contaminants on high-value agricultural land, in general, runoff from 
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urban areas generally have lower concentrations of sediment compared to 

runoff from rural agricultural areas. This is because much more of the land 

in urban areas is stabilised by roofs, paving, and other hard surfaces. While 

these hard areas contribute a higher volume of runoff, the underlying 

sediment is largely immobile. Urban areas do serve as a source of other 

types of contaminants that are not commonly found in runoff from rural 

areas, such as heavy metals and hydrocarbons; these contaminants are 

typically addressed through targeted mitigation measures, such as 

treatment wetlands and oil-water separators, prior to discharge to the 

environment. Further discussion of water quality effects is included in 

Appendix F of the June 2019 AEE, being Aquanet’s ecological effects 

assessment, which concluded that effects are likely to be less than minor. 

Since this assessment was based on the characteristics of typical urban 

stormwater runoff without treatment, it is considered still relevant in the 

context of the updated technical analysis.  

40. The Project will not permit or facilitate the discharge of sewage or fuel into 

the Koputaroa Stream. The stormwater and wastewater reticulation in the 

catchment area are separated and relatively modern, with sufficient level of 

service in the wastewater network to avoid sewage overflows into the 

stormwater network under typical operating and resilience scenarios.  

41. Several submissions correctly point out that there is currently no pump 

station servicing the Koputaroa Stream at the Manawatū River floodgate; 

the No. 1 pump station noted in the original application documents services 

the adjacent Buckley portion of the Koputaroa Drainage Scheme. Under 

normal conditions the Drainage Scheme channels flow into the Koputaroa 

Stream and then into the Manawatū River, but under flood conditions the 

two channels would be separated by floodgates, and only the Drainage 

Scheme would be pumped over the stopbanks. This is confirmed in the 

submission from Horizons Regional Council River Management. However, 

the updated technical analysis assumes that there is no pump station on 

the Koputaroa Stream and assesses potential effects resulting from the 

Project in this context. 

42. Stormwater in Levin generally flows to one of two locations: Lake 

Horowhenua or the Koputaroa Stream. Much of the core urban area of 

Levin flows to Lake Horowhenua, but areas along the eastern and northern 

boundaries of the town currently drain to the Koputaroa Stream. No 

stormwater is being diverted from the Lake Horowhenua catchment to the 
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Koputaroa Stream as a result of the Project, which is shown by the 

prevailing topography of the areas serviced by the Project; these areas 

have historically drained to the Koputaroa Stream tributary.  

43. In an email query, Mr Geoff Kane has requested information regarding the 

use of soak pits, referring to anecdotes that these do not work in the North-

East Levin area. I understand that, as described in the AEE,1 HDC's 

planning policies encourage the attenuation and disposal of stormwater on‐

site through various means, including the use of soak pits. The use of soak 

pits will not be feasible in every location and alone will not always be 

effective, for example, in areas where low-permeability soils are present or 

where groundwater levels are high. In terms of assessing the effects of the 

Project, I adopted a conservative approach in the Stormwater Modelling 

Report whereby it is assumed that no additional stormwater discharge is 

being retained within the boundaries of proposed developments, 

corresponding to the Scenario 2B: unmitigated “full flow” development from 

the 2019 stormwater analysis. Therefore, the effectiveness of soak pits is 

not relevant to the outcome of the assessment (i.e., which finds that 

downstream effects are less than minor). 

RESPONSE TO SECTION 42A REPORT 

44. I have read the section 42A report, with a particular focus on the evidence 

of Mr McConchie and Mr Christensen. 

45. The conclusions of my analysis are in alignment with the conclusions of Mr 

McConchie’s and Mr Christensen’s evidence on several points, cross 

referenced below. 

(a) Mr McConchie concludes in paragraphs 138 and 139 that the design 

flows used in the analysis are appropriate and conservative, the 

modelling of potential effects is appropriate, hydraulic neutrality (i.e., 

the control of post-development peak flows to pre-development levels) 

will be achieved, the mitigation measures will result in slight positive 

benefits under certain flow conditions, and that the hydrological effects 

on the Powelliphanta snail habitat areas will be negligible. These 

conclusions are supported through more specific statements 

throughout the evidence.  

 
1 See, in particular, section 2.2 and Appendix K. 
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(b) Mr Christensen concludes in paragraph 62 that the effects of the 

Project can be managed to be less than minor through the proposed 

mitigation and subject to his recommendations for revised consent 

conditions. This conclusion is supported in particular by paragraphs 54 

through 59 in his Summary of Effects.  

(c) Mr McConchie’s evidence in paragraph 115 concludes that there will be 

no measurable hydrological effect at the locations of identified 

Powelliphanta snail habitat, and may result in reductions of inundation 

extend, depth and duration. This aligns with the conclusions of my 

summary memo on the potential hydrological effects at the snail habitat 

areas.  

46. Mr Christensen’s revised conditions include an extension of the erosion 

monitoring zone to extend to 10 metres downstream of the Tavistock Road 

crossing of Koputaroa Stream, an additional stream length of approximately 

1.5 kilometres. In my opinion it will be much more difficult to differentiate 

erosion caused by the Project versus natural stream geomorphic 

adjustments in the main Koputaroa Stream downstream of the Tributary 

confluence, and may unfairly commit HDC to mitigation works in the stream 

that have an inconclusive origin.  

CONCLUSION 

47. Stormwater analysis and design has been undertaken for the Project to 

quantify the potential effects of proposed urban development in North-East 

Levin and design appropriate mitigation measures.  

48. The analysis demonstrates that potential effects from the Project can be 

mitigated to be less than minor using the measures and approaches 

detailed in the consent application and supporting documents.  

David Christopher Arseneau 

8 October 2021 
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APPENDIX A: CONCEPT DESIGN DRAWINGS 

(overleaf) 
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INVERT 26.0m

N

128 FAIRFIELD RD
LOT 2 DP 57415

LOT 1 DP 44133

LOT 3 DP 406078

LOT 2 DP 396758

RECEIVING
TRIBUTARY

EXISTING VEGETATED
AREA TO BE
UNDISTURBED

EXISTING PADDOCK
TO BE PRESERVED



PRECAST
CONCRETE
HEADWALL

RL 31.00m

SAFETY
DEBRIS
GATE

SAFETY/DEBRIS
GATE

FLEXIBLE BAFFLES
INSTALLED FOR FISH
PASSAGE

1:3 BATTER SLOPE

OVERFLOW WEIR
6m

TYPICAL POND OUTLET STRUCTURE
N.T.S

TOP WATER LEVEL
OF POND xxm EXISTING GROUND

1:3 BATTER SLOPE

FINISHED SURFACE

MINIMUM 100mm
TOPSOIL AND SEED

RE-ESTABLISHED
STREAM CHANNEL
(SEE STREAM DETAILS)

TYPICAL POND BATTER SLOPE
N.T.S
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VEHICLE ACCESS
APPROX ELEVATION=29m

PRE-DEVELOPMENT PEAK Q=3.4m³/s
POST-DEVELOPMENT PEAK Q= 3.4m³/s

ATTENUATION  AREA (POND 3)
EXISTING VOLUME: 3044m³
STORAGE VOLUME AFTER EARTHWORKS*: 15,500m³
FOOTPRINT AFTER EARTHWORKS: 12,500m²
APPROXIMATE CUT VOLUME: 15,000m³
TOP OF POND: 28.0m
INVERT OF POND: 25.0m

ATTENUATION  AREA (POND 4)
EXISTING VOLUME: 1762m³
STORAGE VOLUME AFTER EARTHWORKS: 2700m³
FOOTPRINT AFTER EARTHWORKS: 3,000m²
APPROXIMATE CUT VOLUME: 2700m³
CREST: 26.5m
INVERT: 24.5m

VEHICLE ACCESS AT
CREST=27.5m
HIGH  FLOW WEIR
INVERT = 27.0m

VEHICLE ACCESS AT
CREST= 26.5m
HIGH FLOW WEIR
INVERT 26.0m

N

128 FAIRFIELD RD
LOT 2 DP 57415

LOT 1 DP 44133

LOT 3 DP 406078

LOT 2 DP 396758
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EXISTING VEGETATED
AREA TO BE
UNDISTURBED

EXISTING PADDOCK
TO BE PRESERVED

LOCALISED WORK TO
TRANSITION STREAM

INTO VEHICLE ACCESS
CULVERT

CULVERT TO BE FITTED
WITH FLEXIBLE BAFFLES

FOR FISH PASSAGE

OUTLET CULVERT TO BE
FITTED WITH FLEXIBLE

BAFFLES FOR FISH PASSAGE

RIFFLE-RUN TYPOLOGY

(SEE TYPICAL DETAILS)
MEANDERING TYPOLOGY

(SEE TYPICAL CONCEPT DETAILS)

MEANDERING TYPOLOGY

(SEE TYPICAL CONCEPT DETAILS)

OUTLET CULVERT TO BE
FITTED WITH FLEXIBLE

BAFFLES FOR FISH PASSAGE

APPROXIMATE ALIGNMENT
OF RESTORED CHANNEL



RIFFLE
RUN

RIFFLE

RIFFLE
RUN

RIFFLE KEY STONES

TOP OF
STREAM BANK

TOP OF
STREAM BANK

KEYSTONES

RUN
RIFFLE RIFFLE KEY

STONES

TOP OF STREAM
BANK

RIFFLE-RUN TYPOLOGY

PLAN
N.T.S

PROFILE A-A
N.T.S

RIFFLE SECTION B-B
N.T.S

RIFFLE TOP OF STREAM
BANK

TOP OF STREAM
BANK

MEANDERING TYPOLOGY

PLAN
N.T.S

PROFILE A-A
N.T.S

POOL SECTION B-B
N.T.S

DEEP POOL
AREA

POINT BAR

DEEP POOL
AREA

TOP OF STREAM
BANK

RIFFLE
POINT BAR

RIFFLE
POOL

A A

B

B

A
A

B

B

NOTES:
1. RIFFLE RUN TYPOLOGY TO BE

APPLIED IN AREAS OF STEEPER
LONGITUDINAL SLOPE.

2. RIFFLES GENERALLY COMPOSED
OF LARGER ROUNDED COBBLES,
SIZED TO RESIST STREAMBED
SHEAR FORCES.

3. RUNS GENERALLY COMPOSED OF
SMALLER COBBLES, GRAVELS AND
NATIVE MATERIAL AND ARE
STABILISED BY ADJACENT RIFFLES.

4. STREAMBANKS PLANTED TO
PROVIDE SHADE, FOOD AND
HABITAT.

NOTES:
1. MEANDERING TYPOLOGY TO BE

APPLIED IN AREAS OF SHALLOWER
LONGITUDINAL SLOPE.

2. RIFFLES GENERALLY COMPOSED OF
LARGER ROUNDED COBBLES, SIZED
TO RESIST STREAMBED SHEAR
FORCES.

3. POOLS FORMED OF NATIVE MATERIAL
AND ALLOWED TO UNDERCUT AND
MEANDER TO PROVIDE VARIED
HABITAT MORPHOLOGY.

4. STREAMBANKS PLANTED TO PROVIDE
SHADE, FOOD AND HABITAT.
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