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1. INTRODUCTION  

  

1.1 My full name is Bridget Mary O’Brien.  I hold the position of Team 

Leader Asset Planning – Water and Wastewater at Christchurch City 

Council (Council).  I have been in this position since June 2016 and 

before that I was in the position of Senior Planning Engineer – Growth 

at the Council for nearly two years, which focussed on water and 

wastewater strategic planning. 

 

1.2 I hold a Bachelor of Engineering in Natural Resources (Honours) and 

a Bachelor of Science (Biochemistry) from the University of 

Canterbury.  I have 15 years' experience in environmental 

engineering with a primary focus on wastewater.  I am also a member 

of the Institute of Professional Engineers New Zealand and I am a 

Chartered Professional Engineer. 

 
1.3 I was the co-ordinating author for the Council's Infrastructure Strategy, 

which sets out the plans for constructing, operating and maintaining 

infrastructure (including water and wastewater) for the next 30 years.1  

This Strategy was a key input into the Council's draft Long Term Plan 

(LTP), which was finalised at the end of June 2015, and updated for 

the Council's 2016 Annual Plan. 

 

1.4 As part of my role at the Council, I have been asked to provide 

evidence on water and wastewater issues in relation to the proposed 

additional Residential Medium Density (RMD) areas in Linwood, 

Hornby and Papanui, in terms of the effect on Council’s water and 

wastewater networks.  I have also been asked to provide evidence on 

site specific rezoning submissions. 

 

1.5 I have provided written and oral evidence at the hearings on the 

following proposals of the proposed Replacement District Plan 

(pRDP): 

 

(a) Residential Proposal - Stage 1;
2 
 

(b) Commercial and Industrial Proposals - Stage 1;
3 

(c) Subdivision Proposal - Stage 1;
4 

 

                                                   
1  http://www.ccc.govt.nz/thecouncil/policiesreportsstrategies/ltccp/documentsandlinks.aspx. 
2  Evidence in chief dated 12 March 2015; rebuttal evidence dated 23 March 2015; gave evidence at the 

hearing on 30 March 2015. 
3  Evidence in chief dated 13 April 2015; rebuttal evidence dated 1 May 2015; gave evidence at the hearing on 

12 May 2015.   
4  Evidence in chief dated 21 May 2015, rebuttal evidence dated 15 June 2015; gave evidence at the hearing 

on 23 June 2015.   
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(d) Residential Proposal - Stage 2;
5 
 

(e) Commercial and Industrial Proposals - Stage 2;
6
 

(f) Papakainga Zone Proposal;
7
 

(g) Specific Purpose - Stage 2;
8
 

(h) Cranford Basin - Stage 3;
9
 

(i) New Neighbourhood - Stages 1 and 2;
10

 

(j) Central City - Stage 3;
11

 and 

(k) Open Space - Stages 2 and 3.
12

 

 

1.6 In drafting this evidence, I rely on my evidence in chief for the Stage 1 

Residential hearing, including in particular paragraphs 4.1 to 4.13 and 

on my evidence in chief for the Stage 1 Subdivision hearing, including 

in particular paragraphs 4.1 – 4.8, which provides the background on 

the wastewater capacity issues for Christchurch (extract copied in 

Attachment A).   

 

1.7 I confirm that I have read the Code of Conduct for Expert Witnesses 

contained in the Environment Court Practice Note 2014 and that I 

agree to comply with it. I confirm that I have considered all the 

material facts that I am aware of that might alter or detract from the 

opinions that I express, and that this evidence is within my area of 

expertise, except where I state that I am relying on the evidence of 

another person.  The Council, as my employer, has agreed to me 

giving expert evidence on its behalf in accordance with my duties 

under the Code of Conduct. 

 

1.8 The key documents I have used, or referred to, in forming my views 

while preparing this brief of evidence are: 

 

(a) Impact of Hornby and Papanui RMD Submissions on 

Existing Wastewater Network (Opus, 25 May 2016) 

(attached as Appendix B); 

(b) Housing Intensification - Impact on Existing Wastewater 

Network (Opus, 3 March 2016) (attached as Appendix C);  

                                                   
5  Evidence in chief dated 18 August 2015; rebuttal evidence dated 2 September 2015; gave evidence at the 

hearing on 7 September 2015 and supplementary evidence dated 7 September 2015.   
6  Evidence in chief dated 2 September 2015; rebuttal evidence dated 24 September 2015; gave evidence at 

the hearing on 5 October 2015. 
7  Evidence in chief dated 13 October 2015 and supplementary evidence dated 27 November 2015. 
8  Evidence in chief dated 23 October 2015. 
9  Evidence in chief dated 10 December 2015.  
10  Evidence in chief dated 7 December 2015; rebuttal evidence dated 5 January 2016; gave evidence at the 

hearing 11 January 2016. 
11  Evidence in chief dated 16 December 2016. 
12  Evidence in chief dated 19 January 2016; gave evidence at the hearing 17 February 2016. 
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(c) Housing Intensification – Impact on Existing Wastewater 

Network (Opus, 12 September 2014);  

(d) Infrastructure Design Standard, Christchurch City Council; 

and 

(e) Mahaanui Iwi Management Plan 2013. 

 

2. SCOPE 

 

2.1 My evidence addresses the water and wastewater issues arising from 

the notified RMD zones in Linwood, Hornby and Papanui, and also 

addresses the individual site specific submissions that seek that 

additional land beyond the notified area is rezoned to RMD.  I have 

taken a view on each of the individual site specific submissions as to 

whether the relief sought should be rejected or accepted, in terms of 

water and wastewater effects only.  

 

3. EXECUTIVE SUMMARY  

 

3.1 As outlined in my evidence in chief for the Stage 1 Residential 

Proposal, there are significant capacity constraints in Christchurch's 

wastewater network, with wastewater overflows to the street and the 

environment occurring during large storms.  Adding additional flow 

through development that is more extensive than originally anticipated 

can exacerbate this issue. 

 

 Notified RMD areas 

 

3.2 Wastewater modelling has shown that development of the notified 

RMD zones would result in a small increase in overflow volume during 

the 3 year Annual Recurrence Interval (ARI) design storm, but I 

consider that the increase is small enough to be acceptable.   

 

3.3 Water supply is generally not an issue for areas of intensification, as 

the increase in household water consumption is offset by the 

decrease in water consumption from garden irrigation.   

 

3.4 Therefore, in my opinion there are no wastewater capacity or water 

supply issues which would prevent the intensification of the notified 

RMD areas. 

 

 Additional areas requested through submissions 
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3.5 Wastewater modelling has shown that Ms Person's submission 

(submission #9) which seeks an increase in the RMD zone in Papanui 

by providing RMD zoning on both sides of Hawthorne Street would 

not result in a significant increase in overflow volume.  I therefore do 

not object to the rezoning sought in this submission.   

 

3.6 Wastewater modelling has shown that Ms Fisher's submission 

(submission #50) which seeks an amendment to the RMD zone in 

Papanui would result in a small decrease in overflow volume.  I 

therefore do not object to the rezoning sought in this submission.   

 

3.7 Wastewater modelling has shown that submissions seeking an 

increase in the RMD zone in Hornby (Harrison #10, Sun #72 and Lau 

#77) has a negligible effect on overflow volume.  I therefore do not 

object to the rezoning sought in these submissions.   

 

3.8 Housing New Zealand seeks an extension to the notified Linwood 

RMD areas, so it includes 75, 77, 77A, 77B, 77C and 79 Mackworth 

Street.  This rezoning would have a negligible effect on the 

wastewater network, and I therefore do not oppose the relief sought. 

 

4. BACKGROUND 

 

4.1 To assess the impacts of rezoning a property on the water and 

wastewater network, it is necessary to estimate the likely yield in 

terms of the number of houses.  I have used the RMD density of 30 

households per hectare (households/ha), which is the average target 

density directed by Policy 6.3.7 of the Canterbury Regional Policy 

Statement (CRPS).  

 

4.2 Opus undertook wastewater modelling (memorandum dated 

3 March 2016 – Appendix C) to assess the effects of the 

intensification of the notified RMD zones on the wastewater network.  

The results of the modelling showed that there would be a small 

increase in overflow volume during the 3 year ARI design storm, as a 

result of the intensification of the proposed RMD areas.  The increase 

in total overflow volume from each RMD area is as follows: 

 

(a) Linwood 0.3%; 

(b) Hornby 0.05%; and 
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(c) Papanui 0.8%. 

 

4.3 While any increase in overflows is less than desirable, it is inevitable 

that if intensification is to occur, there will be some increase in 

overflows until the Council can upgrade its wastewater infrastructure.  

I consider that the increase in overflow volume from the proposed 

RMD areas is small enough to be acceptable.  Therefore, in my 

opinion there are no wastewater capacity issues which would prevent 

the intensification of the notified RMD areas. 

 

4.4 Further wastewater modelling was undertaken by Opus to assess the 

effects of those submissions seeking an increase in the proposed 

RMD areas in Hornby (submitters #9 and #50) and Papanui 

(submitters #10, #72 and #77) (Opus memo dated 25 May 2016 – 

Appendix B).  The effects of the additional intensification were 

modelled for the 3 year ARI storm, to determine the change in 

overflow volume from manholes and constructed overflows.  The 

results of this modelling is summarised under each of the submissions 

below. 

 

4.5 Water supply is generally not an issue for areas of intensification, as 

the increase in household water consumption is offset by the 

decrease in water consumption from garden irrigation.  Therefore, in 

my opinion there are no water supply issues which would prevent the 

intensification of the notified RMD areas. 

 

5. SUBMISSIONS SEEKING INCREASED RMD ZONING - PAPANUI 

 

#9 - Papanui RMD - Joanne Pearson 

 

5.1 Ms Pearson seeks the rezoning of both sides of Hawthorne Street 

from the current Residential Suburban (RS) zone to RMD.  There are 

78 properties with access from or frontage to Hawthorne Street 

covered by this submission, covering a total area of 4.9 ha.  Assuming 

a yield of 30 households/ha, this would yield 148 houses, which would 

be an increase of 70 houses from the existing situation.   

 

5.2 The results of the modelling for Ms Pearson's submission showed that 

there would be a 49 m³ (0.1%) increase in overflow volume from 

manholes, compared to the current RS zoning and the adjacent 
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notified RMD zoning.  The modelling also showed that there would be 

a 19 m³ (0.05%) increase in constructed overflow volume. 

 

5.3 In my opinion, this increase in overflow volumes is small enough to be 

acceptable and I therefore do not object to the rezoning sought in this 

submission. 

 

#27 - 1/26 Leander Street - Susanne Trim 

 

5.4 Ms Trim seeks the rezoning of the market garden land between 

Cranford Street and Paparoa Street to be rezoned RMD, rather than 

Rural Urban Fringe (RuUF) with a concurrent reduction in the RMD 

zoning in Papanui.  The Independent Hearings Panel has already 

issued a decision on Cranford Basin, stating that this land is not to be 

rezoned as a residential zone as it is outside the city limits as shown 

on Map A of the Land Use Recovery Plan.  I have therefore not 

considered the effects on the water and wastewater networks of the 

rezoning sought.  

 

#50 - 75 St James Avenue - Jenny Fisher 

 

5.5 Ms Fisher seeks that:  

 

(a) St James Avenue and Bellvue Avenue are zoned RS rather 

than the notified RMD; and  

(b) alternative areas are rezoned as RMD rather than the 

existing RS zone (as shown in the attachment to the 

submission).   

 

5.6 The St James Avenue and Bellvue Area shown in the submission 

affects 113 properties, covering a total area of 6.4 ha. Modelling by 

Opus assumed that the population of this area would increase by 416 

people if it was zoned RMD, compared to the existing population of 

208 people (i.e. the population would double).   

 

5.7 One of the alternative areas suggested for rezoning as RMD are two 

blocks bounded by Chapel Street, Sails Street, Langdons Road and 

Harewood Road, as well as properties on the western side of Sails 

Street.  This affects 59 properties, covering a total area of 4.5 ha.  

However, I note that the block south of Hoani Street contains only two 

properties, but is intensively developed as a retirement village. It is 



7 
27875056_3.doc 

unlikely that RMD zoning would result in more intensive development 

so I have excluded it from my assessment.  Therefore, excluding the 

block south of Hoani Street, this submission affects 57 properties, 

covering a total area of 2.7 ha.  Assuming a yield of 30 

households/ha, 40 houses could be developed, which would be an 

increase of 17 houses.  Assuming a population of 2.7 people per 

house, as per the Council’s Infrastructure Design Standard, this 

equates to an increase of 46 people. 

 

5.8 The other alternative area suggested for rezoning as RMD is an area 

adjacent to the northernmost proposed RMD zone in Papanui, 

consisting of most of the block bounded by the RMD zone, Sawyers 

Arms Road, the railway line and Vagues Road.  The plan in the 

submission appears to cut through properties, so I have assumed that 

all properties on Prudhoe Land (off Satwell Place) are included but 

those properties on Phoenix Lane (off Vagues Road) are not included.  

On this basis, this affects 184 properties covering a total area of 10.0 

ha.  Assuming a yield of 30 households/ha, 300 houses could be 

developed, which would be an increase of 116 houses.  Assuming a 

population of 2.7 people per house, as per the Council’s Infrastructure 

Design Standard, this equates to an increase of 313 people. 

 

5.9 The net result of this submission is 57 fewer people, assuming that 

the notified RMD zone was changed to RS, compared with the 

notified RMD zones. 

 

5.10 The modelling by Opus of the combined effect of these changes 

showed that there would be a 61 m³ (0.1%) decrease in overflow 

volume from manholes and a 67 m³ (0.2%) decrease in constructed 

overflow volume, compared with the notified RMD zoning.  I therefore 

do not object to the rezoning sought in this submission. 

 

6. SUBMISSIONS SEEKING INCREASED RMD ZONING - HORNBY 

 

#10 - 46 Brynley Street - Brett Harrison 

#72 - 60 Brynley Street - John Sun  

#77 - 66 Brynley Street - Ki Lung Lau 

 

6.1 Mr Harrison seeks the rezoning of 36 - 56 Brynley Street from RS to 

RMD.  This affects 21 properties, which cover an area of 1.1 ha.  
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Assuming a yield of 30 households/ha, this would yield 33 houses, 

which would be an increase of 11 houses. 

 

6.2 Mr Sun seeks the rezoning of 60 Brynley Street from RS to RMD.  

The property area is 840 m², and I have assumed that an extra two 

houses could be built. 

 

6.3 Mr Lau seeks the rezoning of 66 Brynley Street from RS to RMD.  The 

property area is 840 m², and I have assumed that an extra two 

houses could be built. 

 

6.4 The submissions seeking an increase in the RMD area on Brynley 

Street in Hornby (#10, #72 and #77) were modelled together, as 

submissions #72 and #77 only relate to one property each.  The 

results of the modelling showed that there would be a 5 m³ (0.01%) 

increase in overflow volume from manholes, but this would be offset 

by a 28 m³ (0.1%) decrease in overflow volume from constructed 

overflows, compared with the notified RMD zoning.  In my opinion, 

this change in overflow volumes is acceptable and I therefore do not 

object to the rezoning sought in these submissions. 

 

7. SUBMITTER #126 - HOUSING NEW ZEALAND - LINWOOD 

 

7.1 Housing New Zealand seeks an extension to the notified Linwood 

RMD areas, so it includes 75, 77, 77A, 77B, 77C and 79 Mackworth 

Street.  The proposed zoning for these properties is Residential 

Suburban Density Transition (RSDT).  These properties cover an area 

of 0.4 ha, with a total of 9 houses.  Assuming a yield of 30 

households/ha, this would yield 12 houses, which would be an 

increase of 3 houses.  This is such a minor increase that in my 

opinion it would have a negligible effect on the wastewater network, 

and I therefore do not oppose the relief sought. 

 

7.2 Housing New Zealand also seeks that additional areas requested by 

landowners are rezoned RMD if they meet the requirements of 

Policy 14.1.1.2.  It is not possible to assess the effect on the 

wastewater network of this part of the submission, as the area 

concerned has not been specified by the submitter.  Except to the 

extent that I have not opposed specific rezonings addressed above, I 

therefore oppose the relief sought, unless sufficient wastewater 

capacity has been demonstrated to be available for those area. 
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8. SUBMISSIONS SEEKING TO RETAIN OR REDUCE RMD ZONING 

 

8.1 The remainder of the submitters seek to either retain or reduce the 

proposed RMD zoning.  As stated in paragraphs 4.1 – 4.5, there is 

sufficient water and wastewater capacity for the notified RMD zoning.  

Therefore, there are no water or wastewater capacity issues that 

prevent the notified RMD zoning. 

 

 

 

Bridget O'Brien 

8 June 2016 
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APPENDIX A 

EARLIER EVIDENCE RELIED UPON 

 

PARAGRAPHS 4.1 TO 4.13 OF EVIDENCE IN CHIEF OF BRIDGET O'BRIEN FOR STAGE 1 

RESIDENTIAL HEARING 

 

4.1  The primary function of a wastewater network is to protect public health and the 

environment by conveying untreated wastewater (from toilets, washing 

machines, sinks and so on from houses and businesses) to a wastewater 

treatment plant for treatment and disposal.  

 

4.2  The discharge of wastewater from new development may be constrained either 

directly by local infrastructure availability and capacity or the cumulative impact 

of discharges into the downstream network. Exceeding the hydraulic capacity of 

sewers leads to surcharging (when the pipeline is flowing full and wastewater 

has ‘backed up’ into manholes) and potential for wastewater overflows which 

contaminate the environment. Wastewater can overflow from gully traps on 

private property, manholes in the street and from constructed overflows to 

waterways.  

 

4.3  Wet weather flows are a significant constraint on discharges to the wastewater 

system. The City Council operates separate wastewater and stormwater 

networks. This would imply that all stormwater goes down the stormwater pipes 

to the rivers and all wastewater goes down the wastewater pipes to the treatment 

plant. The reality is that, in wet weather, flows in the wastewater system increase 

significantly due to increased groundwater and surface water entering the 

wastewater pipes. Groundwater infiltration into the pipes makes up a significant 

proportion of the flow during and following a storm event. The additional flow can 

cause the wastewater system to overflow to the environment in wet weather.  

 

4.4  Given that wet weather wastewater overflows are a foreseen event in periods of 

significant rainfall, resource consent is required from the Canterbury Regional 

Council (ECan). The City Council was granted an overflow discharge consent 

(CRC092692) by ECan in 2014 (following a hearing in 2010). The 2014 consent 

replaces an earlier consent (CRC092692), which was granted in 2009.  

 

4.5  The current consent term is 15 years, and is for 22 constructed overflow points 

(10 in the Avon River catchment, 10 in the Heathcote River catchment and 2 in 



11 27875056_3.doc  

the Avon/Heathcote Estuary). Conditions require the City Council to achieve in 

2015 an annual overflow frequency of no more than 7 and 8 overflows in the 

Avon and Heathcote River catchments respectively. These conditions are based 

on wastewater modelling using 25 years of historical rainfall data. This permitted 

overflow frequency reduces to 4.9 and 4.7 by 2020, and 4.77 and 4.63 by 2025 

in the Avon and Heathcote River catchments respectively. Wastewater network 

modelling shows that all 22 overflows operate in a large storm (24 hour duration, 

3 year Average Recurrence Interval).  

 

4.6  Following the earthquakes, it was clear from a 40% increase in average daily 

flows to the Christchurch wastewater treatment plant that dry and wet weather 

groundwater infiltration into pipelines through cracks or gaps at joints, and 

stormwater inflow through stormwater cross-connections or flooded manholes to 

the sewer network had increased significantly. Flow monitoring data from the 

network indicates that this increase in groundwater infiltration is widespread 

across the city and not confined to the areas of major damage.  

 

4.7  The impact of this increase during periods of wet weather is significant. The 

constructed overflows will operate more frequently and discharge greater 

volumes than in the pre-earthquake situation. In addition, a greater number of the 

constructed overflows will discharge in a given wet weather event. In addition, 

some of the 22 consented overflow points have been destroyed in the 

earthquakes, forcing these overflows to occur at other upstream constructed 

overflow sites or through informal discharge points at manholes in the streets.  

 

4.8  In response to the post-earthquake challenges outlined above, the City Council 

has an interim discharge consent compliance strategy agreement with ECan until 

March 2017, after which the Council either has to comply with its overflow 

consent or apply for a new consent.  

 

4.9 The City Council has a wastewater network model of the pre-earthquake 

wastewater system which is being updated to include the repair work done by the 

SCIRT. Once SCIRT finishes its work in 2016, flow monitoring will be carried out 

and the model will be calibrated in 2017. This means that compliance with the 

Council's overflow consent cannot be assessed yet.  

 

4.10  Due to financial constraints, SCIRT is not repairing all earthquake damage to the 

wastewater network. This means that when SCIRT ends in 2016, the wastewater 

network is expected to be much leakier than it was pre-earthquake, with high 
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levels of stormwater inflow and groundwater infiltration. It therefore seems 

unlikely that compliance with the overflow consent will be able to be achieved. 

Increasing wastewater flows from intensification will make it even more difficult to 

achieve compliance with the overflow consent.  

 

4.11  Due to the consent constraints described above, development is considered 

unacceptable if it results in more than minor increases in modelled overflows, as 

this further reduces the City Council’s ability to comply with its overflow consent. 

In addition, if wastewater surcharges in the manholes within 300 mm of the 

ground surface, this can result in gully traps overflowing, creating an 

unacceptable public health risk.  

 

4.12  Overflows can be minimised by reducing stormwater inflow and groundwater 

infiltration, and by upgrading the wastewater network. However, this is not an 

easy task and is also expensive.  

 

4.13  The City Council plans to undertake projects in the next ten years that will reduce 

overflows, including partially upgrading the Riccarton Interceptor ($14 million 

over financial years 2016-20), a suite of projects to reduce overflows in the 

Heathcote River catchment ($23 million over financial years 2016-22), and an 

upgrade to the Northern Relief sewer ($47 million over financial years 2017-23) 

(figures from Council’s Infrastructure Strategy 2015 – 2045). In addition, the City 

Council is extending its wastewater network to accommodate growth in 

greenfield areas in the north and southwest of the city. The City Council takes an 

integrated approach to wastewater network planning, taking into account planned 

growth areas, and must work within its budget constraints to deliver projects that 

provide the most benefit. One of the purposes of providing this background 

material is to demonstrate that it is simply not financially viable to provide 

capacity for intensification in all areas of the city.
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PARAGRAPHS 4.1 TO 4.13 OF EVIDENCE IN CHIEF OF BRIDGET O'BRIEN FOR 

STAGE 1 SUBDIVISION HEARING 

 

4.1  The primary function of a wastewater network is to protect public 

health and the environment by conveying untreated wastewater 

(from toilets, washing machines, sinks and so on from houses 

and businesses) to a wastewater treatment plant for treatment and 

disposal. 

 
4.2 I refer to my Evidence in Chief (dated 11 March 2015) for the 

Residential Proposal for a detailed description of Christchurch’s 

wastewater network constraints, particularly regarding overflows. In 

summary, there are areas of Christchurch’s wastewater network 

where capacity is a significant issue, and increasing wastewater 

flows in these areas is undesirable before the Council has been 

able to address the capacity issues. 

 
4.3 In particular, there are often wastewater capacity constraints 

downstream during a storm event. This may be an overflowing 

manhole, or the wastewater may be surcharging inside the manhole 

within 300 mm of the surface (which can cause private gully traps to 

back up and overflow), or a receiving pump station may already be 

at capacity and overflowing to the environment. 

 
4.4 In these cases, the increased wastewater flows resulting from 

subdivision (including from intensification) can exacerbate 

overflows, unless either the downstream capacity constraints can 

be resolved by an upgrade to the wastewater network, or the 

property owner can store wastewater on site during a storm when 

the network is already at capacity. 

 
4.5 Council has recently developed an acceptable solution to allow 

additional wastewater connections in areas of constrained 

wastewater capacity. For small increases in wastewater flow (up to 

three additional bedrooms for a property zoned residential), the 

property owner is permitted to connect but is required to replace the 

private gravity lateral pipe or demonstrate using closed circuit 

television (CCTV) footage that the lateral is sound. This is to reduce 

groundwater infiltration to Council's wastewater network, which 

would otherwise reduce the capacity of the network. 
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4.6 For larger increases in wastewater flow (four or more additional 

bedrooms on a residential property, or for an increase in 

wastewater flow from an industrial or commercial property), 

Council will allow a connection to the wastewater system only if 

on-site storage is provided, and no wastewater is discharged from 

the property during a storm event. This will be achieved by the 

property owner installing a low pressure pump in a tank which can 

store wastewater expected to be generated from the site over a 24 

hour period, with a control panel that allows the Council to remotely 

monitor and control the pump. In a storm, Council will prevent the 

pump from operating, so that there is no additional flow from the 

property when the wastewater network is already at capacity. 

 
4.7 Turning to the water supply network, its primary function is to provide 

water that is safe for drinking (potable), as well as other uses 

including firefighting. In terms of intensification, water supply is 

generally not an issue, as the increased flow to service the 

additional houses is usually offset by the decreased irrigation 

requirement due to the reduced garden area. Normally providing a 

water supply for greenfield subdivision is straightforward, with either 

the network having capacity to service the subdivision, or a new well 

and pump station can be built if there is insufficient capacity. 

 
4.8 Water supply and wastewater upgrades are often required to service 

subdivisions. This may include new pipes, wells and pump 

stations, and these are funded from the Council's programme 

budgets for growth for water supply and wastewater. The 

programme allows the Council flexibility to adjust the timing of 

specific projects and prioritise those where there is the most growth 

pressure. However, the overall programme budgets for growth is set 

by the Council's LTP, so there is a limit to what works can be 

undertaken in any one year. 

 
4.9 It is important to consider water and wastewater servicing of a new 

subdivision, including any upgrades required in the wider network, 

at the subdivision application stage of a project. 

 
4.10 In my opinion, a subdivision consent should only be granted where 

there are Council water and wastewater networks with sufficient 

capacity to support the subdivision, or where the Council has 

definite plans to undertake a project to extend the network or 

increase the capacity of that network by the time the new units  
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are expected to connect to the water and wastewater networks, 

unless the developer is providing water and/or wastewater services 

on site. 

 
4.11 Applicants often incorrectly expect  that  if  their property is zoned 

for  a particular density, then the Council water and wastewater 

network can accommodate that density and connection to Council's 

water and wastewater network is their right. Considering water and 

wastewater servicing, including any upgrades required to the wider 

network, as part of the application for subdivision consent would 

reveal any issues at the start of a project, thus saving the developer 

time and money that may otherwise be spent on a subdivision that 

has fundamental servicing problems. 

 
4.12 None of the ODP included in the current Appendix 8.6 of the 

proposed Replacement District Plan (pRDP) include references to 

water or wastewater. While water and wastewater servicing was 

considered at the time of preparing each ODP, this has not been 

incorporated on the maps and there is no supporting text for the 

ODPs included in the pRDP. 

 
4.13 For example, the City Council's South East Halswell wastewater 

project, which will service the North Halswell ODP area, is based 

on a pressure sewerage system for that area and other nearby 

greenfield areas, but there is  nothing  to  indicate  this  in  the  

pRDP.    The  Council  cannot  accept traditional gravity connections 

onto a pressure sewerage system, as this would be technically 

impossible. Therefore, developers need to know from the outset that 

this area is to be serviced by a pressure sewerage system, so that 

they can take this into account in the design of their development 

and take this into account in their decision-making. 
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APPENDIX B 

 

Impact of Hornby and Papanui RMD Submissions on Existing Wastewater 

Network (Opus, 25 May 2016) 
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New Zealand

t: +64 3 363 5400
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w: www.opus.co.nz

TO Bridget O’Brien

COPY

FROM Lyndsey Foster / Charlotte Mills

DATE 25 May 2016

FILE 3-cw821.00/013
SUBJECT Impact of Hornby and Papanui RMD

Submissions on wastewater network

Introduction

Opus International Consultants was commissioned by Christchurch City Council (CCC) to
assess the impact of a number of submissions on the proposed District Plan seeking
amendments to the proposed RMD areas for Hornby and Papanui. This follows on from two
previous memos, dated 12 September 2014 and 3 March 2016, which discussed the
intensification of the RMD zones for Merivale, Papanui, Bishopdale, Linwood, St Albans,
Addington/Sydenham and Hornby.

The existing CCC 2016 SCIRT Post Rebuild wastewater model was used to predict the impact
of the development on the existing wastewater network.

This memorandum presents the results of our assessment.

Submissions Modelled

CCC provided details of five submissions that required a re-assessment of the impact on the
wastewater network as they proposed either increasing or amending the existing RMD areas.
The submissions under consideration were:
· #9 – Hawthorne Street, Papanui
· #10 – Brynley Street, Hornby
· #50 – St James Avenue / Sails Street / Sawyers Arms Road, Papanui
· #72 – Brynley Street, Hornby
· #77 – Brynley Street, Hornby

The three Hornby submissions have been assessed together, while the two Papanui
submissions have been assessed separately.

 Intensification Calculation

To calculate the predicted impact due to intensification, the following assumptions were made:
· 2.7 people / household, based on the CCC IDS assumption (IDS, January 2014);
· Population is spread evenly throughout existing sub-catchments;
· New developments are built to the building code such that gully traps do not flood and

stormwater laterals do not connect into the wastewater network;
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· Imperviousness remains generally the same, i.e., building up, not out.

As CCC provided the number of additional houses required per RMD amendment area, based
on a density of 30 households/ha, the fraction of each sub-catchment within the revised RMD
polygons was determined via a spatial overlap, and the required populations assigned
proportionately.

Submission #50 involves  a  decrease  of  the  notified RMD zone for  Papanui  in  the St  James
Avenue /  Bellvue Avenue area.  To account  for  this,  modelled populations were returned to
those within the base model, which is based on census data and not population density. Thus,
the calculated decrease in population is based on the previous RMD modelling, where the
decrease in RMD area is 7.7 ha (including both parcels and roads).

Table 1 details the submissions modelled.

Table 1: Submission Details

Submission
No.

Modelling
required

Zone Area
(ha)

Additional
houses

required
(from CCC)

Calculated
Additional
Population

#9 Increase to
RMD zone 4.9 70 189

#10 Increase to
RMD Zone 1.1 11 29.7

#50

Decrease of
RMD Zone – St
James Avenue

-7.7 -415.92

Increase to
RMD Zone –
Sails Street

2.7 17 46

Increase to
RMD Zone –

Sawyers Arms
Road

10 116 313

Net Change to
RMD Zone -56.92

#72 Increase to
RMD zone 0.84 2 5.4

#77 Increase to
RMD zone 0.84 2 5.4

Modelling Limitations and Assumptions

· The existing 2016 Post Rebuild wastewater model was provided by CCC and is thought
to  be  the  best  available  and  therefore  suitable  for  this  type  of  pre-  and  post-  event
comparison activity.

· The Christchurch City wastewater model is a trunk main model, meaning that most
pipes <DN225 are not included in the model. In addition, the sub-catchments modelled
are quite often large and are not split by each manhole in the model.

· Although calibration has been undertaken in some areas, the areas of rebuild have only
been validated, rather than fully calibrated.
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· The current population is the 2016 post-earthquake projected population which is
uplifted from the 2013 Census data.

· The addition of trade waste in the model was based on CCC data supplied in 2011. This
consisted of large trade waste discharge consent holders. Some additional trade waste
has been added to the model to enable calibration. CCC have supplied more detailed
trade waste figures in 2014, including updated large trade waste discharge figures as
well as a list of small trade waste discharge (<5m³/day) consent holders. It is not known
if this data has been updated in the model.

· Sub catchments covering red-zone areas have been removed from the model.

Modelling Scenarios

All scenarios were modelled for wet weather using a design rainfall event; the 3yr, 24hr
duration event. The flow from the existing areas was calibrated for wet weather in 2011 and re-
calibrated  for  dry  weather  in  2013/14.  As  Papanui  and  Hornby  have  not  been  subject  to
considerable works by SCIRT since the calibration dates, the model flows from these areas are
still considered to be relevant.

Results

Table 2 shows a summary of the impacts of the amended intensification in the assessed areas.
It can be seen that the Papanui #9 submission has the greatest overall individual impact,
although individually, each zone amendment results in a 1% flow increase or less.

Table 3 lists the constructed overflow that has increased in spillage by 10m3, and its location
can  be  seen  in  Figure  1.  The  Hornby  submission  does  not  result  in  any  overflow  increases
greater than 10m3.
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Table 2: RMD intensification summary results, developments with the greatest individual impacts highlighted in orange

Suburb with RMD
Intensification

No. of MHs
overflowing

(>10m³)

MH
overflow
volume

(m³)

% increase
in MH

overflow
volume

No of MHs
with

<300mm
freeboard

No. of
constructed

overflows
operating

Constructed
overflow
volume

(m³)

% increase
in

constructed
overflow
volume

Total
overflow
volume

(m³)

% increase
in Total

overflow
volume

Hornby – Notified
Original and
Additional RMD

152 46735 - 848 27 39260 - 85995 -

Hornby – plus
Submissions #10, #72
and #77

152 46740 0.01% 849 27 39232 -0.1% 85972 -0.03%

Papanui – Notified
Original and
Additional RMD

154 47014 - 847 27 39621 - 86635 -

Papanui – plus
Submission #9 154 47063 0.1% 850 27 39640 0.05% 86703 0.1%

Modified Papanui –
plus Submission #50 154 46953 -0.1% 847 27 39554 -0.2% 86507 -0.1%

Table 3: Constructed overflows that spill an additional 10 m3 or more

Model Overflow ID
Notified Original

and Additional
Papanui

Papanui #9 Papanui #50

WWJunction15109.1 (PS1/6) 5895 5906 5906
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Figure 1: Location of constructed overflow that spills an additional 10 m3

WWJunction15109.1
(PS1/6)



Current Model

The current model predicts that during WWF there are 152 manholes that overflow greater
than 10 m3, discharging a volume of approximately 46710 m³.

Hornby Submissions #10, #72 and #77

The existing Hornby RMD Zone covers an area of 36 ha in a primarily residential area. The
intensification will allow an additional 700 houses to be built in this zone.

The submissions affecting Hornby have requested an increase in the RMD zone, which would
lead to an increase of approximately 40 people on Brynley Street. Flows from the additional
population will be conveyed by the local reticulation on Springs Road to the trunk network on
Blenheim Road.

The additional flows in the local reticulation as a result of the submission do not cause any
significant changes in depth of flow in the adjacent networks, although they do marginally
exacerbate existing manhole overflow issues further downstream, with a largest increase of
5 m3.

As Table 1 shows, this submission results in an overall reduction in constructed overflow spills
compared to the current results, due to the marginal increase in manhole spills at locations
upstream.

Papanui Submission #9

The existing Papanui RMD Zone covers an area of 88 ha in a residential area; the
intensification allows an additional 1600 houses to be built in this zone.

Submission #9 involves a request to extend the RMD zone to include properties on either side
of Hawthorne Street, leading to an increase of 189 people.

The additional flows in the local reticulation as a result of the submission do not cause any
significant changes in depth of flow in the adjacent networks, although they do marginally
exacerbate existing manhole overflow issues downstream, with a largest increase of 8 m3.

There is a 10 m³ increase in overflow volume from constructed overflows due to the amended
Papanui RMD intensification. The affected overflow is WWJunction15109.1 (PS1/6) at
Fitzgerald Avenue Bridge, as shown in Figure 1.

Papanui Submission #50

The existing Papanui RMD Zone covers an area of 88 ha in a residential area; the
intensification allows an additional 1600 houses to be built in this zone.

Submission #50 involves a request to remove an area from the RMD zone in the vicinity of St
James Avenue and Bellvue Avenue, and add two areas around Sails Street and Sawyers Arms
Road. The increase to the RMD zone will generate an additional population of approximately
359.  However,  the  reduction  in  the  RMD  zone  means  a  decrease  in  population  of
approximately 415, thus this submission results in a net decrease in population of 56.
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The additional flows in the local reticulation as a result of the submission do not cause any
significant changes in depth of flow in the adjacent networks, and result in an overall decrease
in existing manhole overflows, the largest of which is 29 m3.

There is a 10 m³ increase in overflow volume from constructed overflows due to the amended
Papanui RMD intensification. The affected overflow is WWJunction15109.1 (PS1/6) at
Fitzgerald Avenue Bridge, as shown in Figure 1.

Summary

The impact of the intensification of the amended RMD areas sought in these submissions has
an impact on the current performance of the Christchurch wastewater network. The individual
RMD submissions have the following impact on the performance:

· A difference of between -0.1 and 0.1% in volume overflowing from manholes.

· A  difference  of  between  -0.2  and  0.05%  in  volume  overflowing  from  constructed
manholes.

The intensification identified for the Papanui RMD area with the inclusion of submission #9 is
shown to have the greatest likely impact on the wastewater network performance overall.
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APPENDIX C 

 

Housing Intensification - Impact on Existing Wastewater Network (Opus, 3 March 

2016) 
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 TO Bridget O’Brien (CCC)  
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 DATE 3 March 2016 

 FILE 3-cw821.00/XXX 

 SUBJECT Housing Intensification – Impact on Existing 

Wastewater Network 

 

Introduction 

Opus International Consultants was commissioned by Christchurch City Council (CCC) to assess the 

impact of increased intensification in the RMD zones for Hornby, Linwood and Papanui. This follows 

on from an earlier memo, also by Opus, in September 2014 which discussed the intensification of the 

RMD zones for Merivale, Papanui, Bishopdale, Linwood, St Albans and Addington/Sydenham. 

The existing CCC 2016 SCIRT Post Rebuild wastewater model was used to predict the impact of the 

development on the existing wastewater network. 

This memo presents the results of our assessment. 

Intensification Calculation 

To calculate the predicted impact due to intensification, the following assumptions were made:  

• 2.7 people / household, based on the CCC IDS assumption (IDS, January 2014); 

• Population is spread evenly throughout existing sub-catchments; 

• New developments are built to the building code such that gully traps do not flood and 

stormwater laterals do not connect into the wastewater network; 

• Imperviousness remains generally the same, i.e., building up, not out. 

The fraction of each sub-catchment within the district plan RMD polygons was determined via a 

spatial overlap. Table 1 lists the RMD polygons used for this assessment, received from CCC on the 

5th September 2014. The population for the fraction of the sub-catchment within the RMD polygon 

was increased to achieve a housing density of 30 households / ha. 
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Table 1: District plan RMD polygons used to increase housing density 

Districtpl Suburb 

733 Linwood 

2056 Linwood 

2063 Linwood 

2061 Linwood 

6 Linwood 

2025 Hornby 

2047 Hornby 

2050 Hornby 

2090 Hornby 

2018 Hornby 

2022 Hornby 

2023 Hornby 

2024 Hornby 

2 Hornby 

3 Hornby 

4 Hornby 

5 Hornby 

2765 Papanui 

2783 Papanui 

7 Papanui 

8 Papanui 

9 Papanui 

 

Table 2: Housing density in the existing model 

Suburb Zone Area (ha) 
Estimated Current 
Density (houses / 

ha) 

Additional houses 
required to obtain 
30 houses / ha 

Hornby 36 10 700 

Linwood 225 16 3000 

Papanui 88 11.5 1600 

 

Modelling Scenarios 

All scenarios were modelled for wet weather using a design rainfall event; the 3yr, 24hr duration 

event. The flow from the existing areas was calibrated for wet weather in 2011 and re-calibrated for 

dry weather in 2013/14.  

Modelling Limitations and Assumptions 

• The existing 2016 Post Rebuild wastewater model was provided by CCC and is thought to be 

the best available and therefore suitable for this type of pre- and post- event comparison 

activity.  
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• The Christchurch City wastewater model is a trunk main model, meaning that most pipes 

<DN225 are not included in the model. In addition, the sub-catchments modelled are quite 

often large and are not split by each manhole in the model. 

• Although calibration has been undertaken in some areas, the areas of rebuild have only been 

validated, rather than fully calibrated. 

• The current population is the 2016 post-earthquake projected population which is uplifted 

from the 2013 Census data. 

• The addition of trade waste in the model was based on CCC data supplied in 2011. This 

consisted of large trade waste discharge consent holders. Some additional trade waste has 

been added to the model to enable calibration. CCC have supplied more detailed trade waste 

figures in 2014, including updated large trade waste discharge figures as well as a list of small 

trade waste discharge (<5m³/day) consent holders. It is not known if this data has been 

updated in the model. 

• Sub catchments covering red-zone areas have been removed from the model. 

Results 

Table 3 shows a summary of the impacts of the increased intensification in the assessed areas. It can 

be seen that the Papanui RMD zone development has the greatest overall individual impact, although 

individually, each zone development results in a 1% flow increase or less. The results presented for 

“All RMD Intensification Zones” refers to the three zones assessed individually, plus the Merivale, 

Papanui, Bishopdale, Linwood, St Albans and Addington/Sydenham RMD zones. 

 

Table 4 lists the constructed overflows that have increased in spillage by 10m3 or more, and their 

locations can be seen in Figure 1. 
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Table 3: RMD intensification summary results, developments with the greatest individual impacts highlighted in orange 

Suburb with RMD 

Intensification 

No. of MHs 

overflowing 

(>10m³) 

MH 

overflow 

volume (m³) 

% increase 

in MH 

overflow 

volume 

No of MHs 

with 

<300mm 

freeboard 

No. of 

constructed 

overflows 

operating 

Constructed 

overflow 

volume (m³) 

% increase 

in 

constructed 

overflow 

volume 

Total 

overflow 

volume (m³) 

% increase 

in Total 

overflow 

volume 

Current,  no RMD 

Intensification 
152 46710 - 848 27 39240 - 85950 - 

Hornby 152 46730 0.0% 848 27 39260 0.1% 85990 0.0% 

Linwood 152 46860 0.3% 848 27 39330 0.2% 86190 0.3% 

Papanui 154 47010 0.6% 847 27 39620 1.0% 86630 0.8% 

All RMD Intensification 

areas 
157 47010 3.6% 858 27 40640 3.6% 89050 3.6% 
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Table 4: Constructed overflows that spill an additional 10 m3 or more, developments with the greatest impact highlighted in orange 

Model Overflow ID Current no RMD Hornby Linwood Papanui All 

WWValve27700.1 (PS1/21) 2692 2694 2696 3045 3424 

Added_WwAccess35661.1 (PS20/4) 3506 3496 3486 3506 3603 

WwAccess13783_weir.1 (PS20/2) 126 125 125 125 154 

WWAccess13761.1 (PS20/3) 99 98 98 99 123 

WWValve27360.1 (PS1/7) 569 569 569 569 591 

WWJunction15109.1 (PS1/6) 5878 5918 5994 5895 6304 

WWValve29007.1 511 511 511 511 546 

WWAccess13981.1 (PS21/1) 1737 1741 1736 1738 1764 
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Figure 1: Locations of constructed overflows that spill an additional 10 m3 or more

Added_WwAccess35661.1 

WwAccess13761.1 

WwAccess13783_weir.1 

WwAccess13981.1 

WwAccess9314.2 

WWJunction15109.1 

WWValve27360.1 

WWValve27700.1 

WwValve29007.1 
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Current Model  

The current model predicts that during WWF there are 152 manholes that overflow, discharging a 

volume of approximately 46710 m³. Figure 2 displays the location of these manholes that are in or 

near to those RMD Intensification areas under investigation.  

 

Hornby RMD Zone 

The Hornby RMD Zone covers an area of 36 ha in a primarily residential area. The intensification 

will allow an additional 700 houses to be built in this zone. 

 

This is the smallest of the RMD Intensification Zones discussed in this report, with flows from the 

additional population conveyed by the local reticulation on Main South, Springs or Waterloo Roads 

to the trunk network on Blenheim Road. Figure 3 shows that the additional flows in the local 

reticulation result in increased depth of flow in the system, particularly around Parker Street, 

Cauldron Road and between Main South Road and Green Lane. These increases are minor and do 

not result in any manhole overflows. However, the additional flows that enter the local reticulation 

do exacerbate an existing manhole overflow issue considerably further downstream in Richmond, 

where the increased flows to PS1 as a result of the Hornby RMD zone cause an increased manhole 

overflow volume of 26 m3 at WWAccess16377, refer Figure 4. This location will be affected by the 

construction of the Northern Relief sewer, the design of which has not yet been included in the 2016 

Post-Rebuild model.  

 

There is a 20 m³ increase in overflow volume from constructed overflows due to the Hornby RMD 

intensification. The overflow that contributes this increased volume is PS1/6 at Fitzgerald Avenue 

Bridge. The manhole overflow issues near the Kilmore Street siphon and the operation of the 

constructed overflow PS1/6 are a known area of concern for CCC.  

 

Linwood RMD Zone 

The Linwood RMD Zone covers an area of 225 ha in a primarily residential area, and the 

intensification will allow an additional 3000 houses to be built in this zone. 

 

Additional flows from the intensification are conveyed by the local reticulation to the Southern Relief 

trunk network which feeds both PS1 and PS11. Figure 5 shows that the additional flows in the local 

reticulation result in increased depth of flow in the pipes and manholes, but these increases are only 

minor and do not result in any manhole overflows. The additional flows that enter the Southern 

Relief result in an increased backwater effect on the trunks that feed it, especially the Fitzgerald 

Avenue brick barrel. While there are no additional manhole overflows (refer Figure 6), the 

intensification does result in an increase of 140 m³ from those manholes predicted to overflow in the 

existing model. Most of this increase (95 m3) occurs at manhole WWAccess16377, which is affected 

by the backwater effect from increased flows to PS1, and overflow volumes are likely to be reduced 

once the Northern Relief Sewer is constructed. 

 

There is a 90 m³ increase in overflow volume from constructed overflows due to the Linwood RMD 

intensification. The affected overflow is PS1/6 at Fitzgerald Avenue Bridge. The manhole overflow 

issues near the Kilmore Street siphon and the operation of the constructed overflow PS1/6 are a 

known area of concern for CCC.  
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Papanui RMD Zone 

The Papanui RMD Zone covers an area of 88 ha in a residential area; the intensification allows an 

additional 1600 houses to be built in this zone. 

 

Additional flows from the intensification are conveyed by the local reticulation to the top end of the 
Northern Relief trunk network just upstream of the Grassmere overflow. Figure 7 shows that the 
additional flows in the local reticulation result in increased depth of flow in the pipes and manholes. 
In addition, existing manhole overflow issues are exacerbated by 260 m3 and one new manhole 
overflow at WwAccess38093 occurs with a spill volume of 40 m3, refer Figure 8. Manhole overflows 
are increased due to the backwater effects from the increased flows to PS1. The manhole with the 
largest increase (150 m3) occurs at manhole WWAccess16377, and overflow volumes are likely to be 
reduced once the Northern Relief Sewer is constructed. 
 

There is a 380 m³ increase in overflow volume from constructed overflows due to the Papanui RMD 

intensification. The affected overflows are PS1/6 at Fitzgerald Avenue Bridge and, more significantly, 

PS1/21 at Grassmere. CCC have future plans to upgrade the latter overflow as additional growth is 

planned to the north of the city which will impact this overflow. 

 

Intensification of all RMD Zones 

Figure 9 displays the changes in flow depth in the pipes and manholes that is predicted when all the 

RMD Intensification Zones identified in this report are fully developed; the three zones discussed 

above, plus Addington / Sydenham, Merivale, Bishopdale and St Albans. The results predict that an 

additional five manholes will overflow in comparison to the existing model, with a total increase of 

1700 m³ predicted to overflow from these and other existing manhole overflows, see Figure 10. This 

is a 3.6% increase in manhole overflow volume from the existing situation. The majority of this 

increase is from WwAccess16377. 

 

An additional volume of 1400 m³ is predicted to be discharged from constructed overflows; this is a 

3.6% increase in discharge volume from the existing situation. The majority of this flow is lost from 

the Grassmere overflow (PS1/21) or the Fitzgerald Bridge overflow (PS1/6), all located on trunk 

networks. 

 

Summary 

The impact of the intensification of the RMD areas has an impact on the current performance of the 

Christchurch wastewater network. The individual RMD area developments have minimal impact on 

the performance, as identified below: 

• An increase of between 0.0 to 0.6% in volume overflowing from manholes. 

• An increase of between 0.1 and 1.0% in volume overflowing from constructed manholes. 

The intensification identified for the Papanui RMD area is shown to have the greatest likely impact 

on the wastewater network performance overall. 

Should each of the RMD areas be intensified over the future years, it would represent a greater 

cumulative impact on the overall performance of the wastewater network which would see greater 

volumes of wastewater released from the system via manholes (3.6%) and constructed overflows 
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(3.6%) as well as decreasing the freeboard around the network such that an additional 10 manholes 

would experience less than 300mm of freeboard before becoming a further manhole overflow. 
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Appendix 

  
Figure 2: Current Model results, MH overflow volume 
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Figure 3: Hornby results vs Current result – Change in MH depth and change in average flow depth in pipes  
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Figure 4: Hornby results vs Current result – Change in MH overflow volume  
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Figure 5: Linwood results vs Current result – Change in MH depth and change in average flow depth in pipes  
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Figure 6: Linwood results vs Current result – Change in MH overflow volume  
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Figure 7: Papanui results vs Current result – Change in MH depth and change in average flow depth in pipes  
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Figure 8: Papanui results vs Current result – Change in MH overflow volume  

  

LEGEND 

Change in volume lost out of MH  

compared to Current Model (m³) 

 
RMD Intensification Zone 

 

WWAccess16377 

WWAccess15025 

Bealey Avenue 

Queen Elizabeth II Drive 

WWAccess38093 

WWAccess11167 

WWAccess9213 



Page 17 

 

  
Figure 9: All RMD Intensification Zone results vs Current result – Change in MH depth and change in average flow depth in pipes  
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Figure 10: All RMD Intensification Zone results vs Current result – Change in MH overflow volume  
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