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Foreword

Since 2009, the Government has been undertaking a compreheretieé iI=forms to improve the way we

manage fresh water in New Zealand. The reforms emphasise that local communities, through councils, are in
the best position to make decisions about managing the fresh water in their region, taking local conditions,
needsand aspirations into account.

In 2011, the Government implemented the National Policy Statement for Freshwater Management. The
National Policy Statement provides national direction under the Resource Management Act 1991. It requires
councils to set objedtes and limits for fresh water quality and quantity in a way that is consistent around the
country. The National Policy Statement also requires councils to ensure land use and water are managed in an
AYGSaANY SR gl &3 FyR (KIF{ wahdgenient add thdir Mdiesiarg @feétead ®R A Y
decisions about the management of fresh water.

Policy development is now focusing on the implementation of the National Policy Statement. This includes
providing better information, tools and processes to sup@mmunities to make decisions with their councils
about their local rivers and waterways. The aim is to increase the value from more efficient use of freshwater,
improve freshwater quality and ecosystem health, and ensure economic growth is baseddn goo
environmental practice.

To assist with this, the Ministry for Primary Industries and Ministry for the Environment have undertaken
several environmental economic studies to build a strong evidence base to support decisions by central
government, local garnment and community stakeholders. These studies demonstrate the link between
environmental investment decisions and impacts, help to identify the most appropriate solutions for
catchments to achieve particular objectives, challenge assumptions abolik&hebenefits of different
approaches, and help to better target policies.

This paper investigates the costs and effects of a range of future urban development scenarios on water quality
in the Lucas Creek catchment, located on the northern fringe okland.
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Executive summary

The National Policy Statement for Freshwater Managem&RISFM) requires councils to manage all
freshwater for ecosystem health and human health for recreation. In terms of ecosystem health,
O2dzy OAf aQ YU y I shiisf &ny td safeduiadiNtBe i BpSrting capacity, ecosystem
processes and indigenous species, including their associated ecosystems. Abghbtveisthat

(KS G20SNIfft ljdtAGe 2F FTNB&AK 6 whif Nbtecthgitier y |

significant values of wetlands and outstanding waterbodies, and improving significantly degraded

waterbodies This represents a significant challenge in catchments undergoing urban development.

There is a wealth of historical evidence that contamitsasuch as sediments generated from
earthworks activities and heavy metals conveyed in stormwater lsawgromisedvater quality in
New Zealand catchmentsidergoingurban development. In view of this, there is a need for central
and local government tonderstand howcouncils can managbe impacts of both historic and

future urban development on water quality to achieve the objectives of the-NRSwhile
accommodating urban growth through the expansion or intensification of New Zealand towns and
cities.

Reflecting this need, the Ministry for Primary Industries (MPI) commissioned this study to investigate

the effects ofa range of futurairban developmenscenarios on water qualiiy the Lucas Creek
catchment locatedon the northern fringe of AucklandVhile locating theassessmenin a real
catchment,however,it is important to note that he primaryintent of the study was to investigate
the outcomes of a largely hypothetical set of urban development scenarios to inform theMPS
implementation progranme, rather than to make specific predictions for the study area catchment

The Urban Planning that Sustains Waterbodies (UPSW) decision support system (DSS) was used to

make predictions of: sediment and metal loads; a range of stream environmental imdscates;

the costs of mitigation; and indicators of estuarine environmental quality. The assessment
considered fivdand use changscenarios over the period 2042D6Q with differences reflecting: the
adoption of greenfield, brownfield and infill fornag development; the characteristics of historic
development; and dwelling densitifor each of theefive land use change scenarios, a number of
alternative contaminant and stream management interventions were considered. These included
differences in thdevel of earthworks combls and stormwater treatmentVater Sensitive Design
(WSDpapproachesand extensive, high quality riparian planting.

The findings of the study are presented through illustrative results that address four key questions.

Questionl - Howcanthe overallquality of water be maintained or improvead an urban
development context?

The results of the study indicate that in order to maintain and improve water quality in an urban
development context, a high level of contaminant confrolikely to be required. This may involve

YSIad2NBsa 20SNJ YR 1020S WwoSad LINFOGAOSQ auz2Nxygl i

including WSD development approaches and retrofitting stormwater treatment in areas of historic
development.Recognisig that the NP&M requires freshwater to be managed for ecosystem
health, whenecological indicators affater qualityare consideredhe study found thatiparian

planting is likely to provide significant additional benefits, over and above the wateityggains
associated with better contaminant controls. In some scenanwslving relatively constrained

urban footprints higher sediment loadBom undeveloped rural parts of the catchmenéere found

to counteract the influence of lowarrbanmetal load on the water quality indicator score. This

Urban Development and theRWP 3 ucas Creek Catchment Case Study A5



finding indicateghe potential limitation of considering mitigation of urban development effects in
isolation from the management of undeveloped, rural parts of a catchment. It may also be necessary
to considemitigation that targets rural land use effects on water quality, as part of the adoption of

an integrated catchment management approach.

Question 2 If stream water quality in some stdatchments is not maintained and/or
improved, is it still possible tmaintain and improve water quality at the catchment scale? (on
average)

The studyfound that, while it may be possible to maintain or improve water quality in some

W @SN 3SQ aSyasSz: RSEALIAGS I RSOf AySthérglatv@2 YS £ 201
contribution of flow and contaminantsom different subcatchments; thespatial distribution of

development and whereany mitigation effort is focused.

Question 3 What are the most costffective means of maintaining and/or improving stream
water qualityin an urban development contéxt

Thestudyfound that high levels of contaminant management are the most cost effeftive of
mitigation when considering water quality based purely on its physical and chemical properties.
However, wherecologcal indicators of water quality are considerehbe results indicate that
riparian planting, in combination with high levels of contaminant managemeggrisrallythe most
cost effective mitigationThe results also suggest that, from the point of vidvachieving an overall
improvement in water quality, mitigation focused on the most influential-satchments may be
more costeffective than catchmentvide mitigation. In addition, further development of catchments
which are already partly developed (anthich already contain some level of mitigation) may be
more costeffective than attempting to mitigate the effects of development in greenfield
catchmentslt is also important to note that there may also be certain avoided éastsociated with
WSD thahave not been taken into accouitt this study such that the cosgffectiveness of these
scenarios may be undeepresented.

Question 4 While theNPSFMonly applies to freshwater, what are the impacts of different
urban development scenarios and mdipn strategies on estuaries?

The results of the study indicate a reduction in estuary environmental quality undertelh
development scenarios. This reflects the depositional nature of the estuary, which acts as a sink in
which contaminants delivereflom its catchment accumulate. However, in scenarios employing the
most effective contaminant management strategies, the rate of declimsinary environmental
gualitywas predicted to be much slower than in scenarios emplogiatus quocontrols.

1 Such as a reduction in the area earthworked and converted to impervious covers and a reduction in network infrastructurer(few
shorter pipes).
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1.1 Background

The National Policy Statement for Freshwater Management-{\®3Z Government, 20)4ets out
objectives and policies for freshwater management under the Resource Management Actrl991.
broad terms, the NREMdirectslocal governmat to manage water in an integrated and sustainable
way, while providing for economic growth within water quantity and quality limits.

TheNPSFMrequires councils to manage all freshwater for ecosystem health and human health for
recreation. Intermsof 02 a2 aiSY KSIf KX O02dzyOAft aQ YIlIylFaSySyi
the life-supporting capacity, ecosystem processes and indigenous species, including their associated
ecosystems. Anothesbjectiveisi K G G KS a2 @SNI f t | ddgionisimiint@ned ¥ NS & K
2 NJ A Y Lythie @rStéteing the significant values of wetlands and outstanding waterbodies, and
improving significantly degraded waterbodi@bjective A2)This represents a significant challenge

in catchments undergoing urban dewpiment. There is a wealth of historical evidence that

contaminants such asediments generated from earthworks activities drehvy metals conveyed in
stormwaterhavecompromisedwvater quality inNew Zealanagatchmentsundergoingurban

developmentIn viewof this, there is a need foreatral and local government to understahaw

councils can managbe impacts ofboth historic anduture urban development on water qualitp

achieve the objectives of the N8I, whileaccommodaihg urbangrowth through the expansion or
intensificationof New Zealand towns and cities

Reflecting this needNIWA, and our suoontracted research partner Cawthron Instituteere

commissioned byhe Ministry forPrimary Industries (MPEp conduct a case study assessment of

urban development impactsand their mitigationpn stream water qualityn the Lucas Creek

catchment north of Auckland. The study invaliaodelling a number of land development and
A02NXYS6FGSNI YR AGNBFY YAGATIGAZ2YAADBYaANARASNA 2 KA
(UPSW) decision support system (DSS) currently under development as part of thieiMiBE

Resilient Urban Futurg®kUF)yesearch programnte

In addition to the focus on stream water quality, the case study also investigated thetsygfac

urban development and the performance of mitigation on estuarine environmental quality. While

the NPS=M does not apply to the management of coastal water bodies, central government is
interested inhow its implementation will influence estuarimironmental qualityas part of taking

an integrated approach to the management of connected freshwater and coastal water bodies.
Because the UPSW DSS makes predictions of estuarine indicators, as well as stream indicators, and
the selected case study arazludes an estuary, the case study was able to accommodate this
additional aspect.

1.2 Scope
The study brief specifies the primary objectiveshaf study as being to

A dGather evidence about the impact of urban development on contaminant loads into
freshwaterbodies and estuarieand

2 http://sustainablecities.org.nz/resiliertirban-futures/
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A Understand the implications of meeting the objectives of the-RIMSn urban areas
when assessed on average over the entire catchment and when assessed independently
at multiple points This will includan assessment difie costsand benefits of different
management optionand comparing the outcomes @reenfields oand Brownfields
development against baseline pdevelopment and historic development conditi@ns.

In order to provide a framework for reporting the findings of 8tady, these objectivesere
subsequently specified as the following set of four key questions.

1. Howcanthe overall quality of water be maintained or improvedan urban
development contex@

2. If stream water quality in some stdatchments is not maintagd and/or improved, is
it still possible to maintain and improve water quality at the catchment scale? (on
average)

3. What are the most costffective means of maintaining and improving water quadlity
an urban development context

4. While theNPSFMonly aplies to freshwater, what are the impacts of different urban
development scenarios and mitigation strategies on estuaries?

The study brief required these questions to be addressed in relation to a range of greenfield and
brownfield urban development scerias. The scenarios were taclude:the status quo(no further
development)greenfield developmeninhvolving different levels of housing intensity; brownfield
development converting areas afdustrialland useto residential developmentand ntensificaton
of existing residential areaFor each scenaricpmparisorswere tobe made between employing
traditional forms of urban development and usilayver imperviousessWater SensitiveDesign
(WSD) approache¥ariants of each of the land use change sdesavere also tanvestigate the
influence ofa range oktormwatercontaminantand stream mitigation optionsncluding varying
levels of stormwater treatmersind contaminant source controlawinglevels of erosion and
sediment control for retainingarthworks sediment during the development phasad iparian
management.

Scenarios were to accommodate a levepopulationgrowth and changes in commercial and
industrial land usesonsistent with projectionor the study areawhile accepting that vaations in

the form of development under most scenarios would deviate from that currently provided for in
Auckland Council planning documents. The intent of the study was therefore to investigate the
outcomes of a largely hypothetical set of urban develepinscenarios to inform the NFSV
implementation programme, rather than to make specific predictions for the study area catchment.

In order to distinguish between scenarios, the study made a range of assumptions relating to the
characteristics of developemt and mitigation. For instance, it was assumed that scenarios involving
WSD would result in lower levels of imperviousness than equivaler8Db scenarios. Although
consistent with the principles of WSD, such an assumption ignores the potential ifcdd ured

property owners to modify properties posievelopment. While recognising the potential for
deviations from the assumptions adopted by the study, it is important to note that an assessment of
the feasibility (policy and/or practical) of implementiagch of the scenarios modelled lay beyond

the scope of the study.

8A Urban Development and theMlPS.ucas Creek Catchment Case Study



1.3 Contents of this Report

Chapter 2 of this report describes the methods employed in the study, providing an overview of the
UPSW DSS, a description of the case study catchment and re@ivirghment and a summary of

the scenarios modelled. Chapter 3 presents the findings of the study. While 35 different scenarios
were modelled as part of the assessment, the report focuses on presenting a limitegtsob

results which illustrate the kefyndings in relation to each of the four questiopssed in Section 1.2.
Chapter 4 summarises the key findings of the studlyije two appendices providénformation to

support the commentary presented in the main body of the report.

Urban Development and theRWP 3 ucas Creek Catchment Case Study A
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2.1 Introduction

This chapter describes the methods employed in the study, starting with an overview of the UPSW
DSS (Section 2.2) and a description of the case study catchment and receiving environment (Section
2.3). Section 2.4 then describes the implementation of tiSncluding: the spatial representation

of the study ar@; parameterisation; and source data. Finally, Section 2.5 describes the urban
development and mitigation scenarios modelled.

2.2 UPSW Decision Support System

2.2.1 Overviewof the DSS

The Urban Planning th&ustains Waterbodies (UPSW) research project involves the development of
a decisiorsupport system (DSS) that allows the impacts of urban development scenarios on
attributes such as water and sediment quality; ecosystem health; and cultural, amenity and
recreation values to be investigated and compareds$action providea summary of the design

and use of the pilot DSBlore detailed descriptiomare provided inMoores et al. (2012and 2014

and a series of supporting documents citbdrein. Note thatwhile the aspects of the DSS described
below and employed in this study are fully functional, because other aspects remain under
development the system has not yet been made available for use outside of the UPSW research
team.

There are three important gects of the design of the DSS. Firstly, the DSS incorporates a
sustainability indexing system which integrates indicators of environmental, social, economic and
cultural wellbeing and allows impacts to be assessed holistic&condly, the DSS linksuite of
modelsand data manipulation methods order to make predictions of outcomes under alternative
urban development and stormwater management scenarios. These methods include: deterministic
models; a probabilistic model; loakp tables populated tlough expert elicitation techniques; and
index construction. Thirdly, while a number of fgemodeldhave been appropriatednd modified

from existing stanehlone applications, others have been developed specifically for incorporation in
the DSS. These inde modesfor estimating thdifecyclecosts of catchmenscalemitigation, a

stream ecosystem health model and a method for predicting social wellbeing indicators from
precursor environmental attributes.

The pilot DSS operates as a single entity exeduted an MS Excel platform, calling on each of

several constituent mdels in a logical sequence. The inptiighe system are theharacteristics o&
givenurban developmenscenari@ a4 LJISOAFASR FT2NJ SIFOK 2F aSOSNI €
area. The outputs from the system are summary indicators of environmental, economic and social
gSEEOoSAYIT LINPOARSR F2NJ SIOK WNBLR2NIAY3I dzyAidQ
corresponds to a stream catchment and contains a single streaarting unit (SRU). The estuarine
environment to which these streams discharge is divided up into a number of estuary reporting units
(ERUSs), each of which is representative of relatively homogeneousduithent characteristics and
sediment dynamics.

3 The cultural indicators are currently under development.

10A Urban Development and theMlPS.ucas Creek Catchment Case Study
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Thefirst step in running the DSS is to implement it for a given study area. This involves defining:
A the number and size gflanning units and reporting uniteat make up the study area;
A the baseline year and the year for which indicators are to be reported;

A baseline land use, stormwater management and other characteristics of the
catchment;

A baseline characteristics of streams in the study area, such as slope, length and
substrate;

A baseline characteristics of estuaries in the study area, such as sizeetdatent
particle size distribution and beskediment metal concentrations; and

A relationships between planning units and reporting units, for instance specifying how
the contaminant load generated in a particular planning unit is distributed among
several rec&ing estuaries.

Alternative urban development scenaria@an then be run by specifying a range of inputs
representingand usechangetransport characteristics, earthwork®ntrols, stormwater

management and riparian management characteristieeTable2-1). Onceinputsfor all planning

units in the study area have been entered, the pilot DSS runs by calling on the constituent models in
sequence.

While the DS8alculategesults in terms ohumeric values (scores) of all indiogs, it also assigns an
AYRAOFG2N) WE SPSEt>xQ Ay 2NRSNI (2 | 2téchn@@ YYdzy A OF (A
audiences, respectively. There are five levels, each of which corresponds with a quintile (20%) of the

range of indicator scores. Tlsgstem adopts a traffic light approach to representing the indicator

levels, with the highest level coloured green and the lowest level colouretsesFigure2-1). The

reporting of results also includes comparison of-m@ed pst-development indicator scorgsee

triangular score markers shown seeFigure2-1).

' -

4

A

Figure2-1: Example of predicted environmental indicator levels for a stream reporting unit

As well as presenting results in this form, the BIS8 generates output filesontaining the resultsf
running theindividual componentnodels. This is intended to allow a moredepth investigation of

the outcomes of alternative development sceita, for instance by graphically superimposing the
results of a number of model runs. It is this approach that has been adopted in the present study,
focusing on indicators and other model outputs which are of most relevance for addressing the four

Urban Development and theRWP 3 ucas Creek Catchment Case Study A1



guestions posed in Section 1.2 (see Chapter 3). The following section provides a summary of those

indicators and outputs and the models which generate them.

Table2-1:

Inputs to be specified as part of running anhan development scenario.

Characteristic

Input

Specified as:

Development

Time to start of

Time in years in the range 0 to (Tx) where Tr is the

phasing development (Ts) reporting time set at implementation
Time to end of Time in yars in the range (Ts + 1) to Tr
development (Td)
Land usand Proportion of land areg 0-100% of PLU in each of the following sidtegories:
associated level of | in each land use class| Rural: pasture, exotic forest, native forest, horticulture ,
imperviousness custom
Resiential: low density, medium density, high density,
CBD, residential WSD, custom
Commercial: suburban, commercial CBD, commercial
WSD, custom
Industrial: traditional industrial, industrial WSD, custom
Major roads: three categories based on traffic numbers
custom
Roofcontaminant . Sa 2Nl y2 66KSNB aeSag NJ
source control yielding roof typesjor a given land use class
Transport Change in number of | % change over the study timeframe
characteristics vehicles per day

Direction d change

Increase or decrase

Vehicle contaminant
source control

.53 2N y2 00KSNEB

andzincyieldingvehicle components)

G & S éopperNJ

Earthworks erosion

Bulk earthworks target

0, 25, 75 or 8% (removal of earthworkgenerated

and sediment TSSremoval sediment associated with greenfield land development
controls
Other earthworks 0, 25, 75 or 90% (removal of earthwoilgsnerated
target TSSremoval sediment associated with infill land development)
Stormwater Targe TSSremoval 0, 25, 50, 75 or 90% (removal of total sediment)
treatment

Target metalsemoval

Low, medium or highr¢moval of copper, lead and zirfc)

Stream management]

Extent of managed
riparian vegetation

0-100% of stream length

Width

Wide or narrow

Extert of unmanaged
riparian vegetation

0-100% of stream length

1TSS = Total Suspended Solids

12A
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2Metals removal is described in this narrative way because the DSS applies diféeneral rates to the 3
dissolved and particulate fractions of each of copperRleal Yy R | AyOd Ly 20KSNJ g2NRaz W
(for example)does not correspond with a single value for % removal.

2.2.2 Key Modelsand Outputs
The keyconstituentmodels and their respective outputs which are of relevance for this study are:

A A contaminantoad model, providing estimates of catchment and -®altcchment loads
of sediment, copperleadand zinc;

A A streamecosystem healtimodel, providing estimates of a range of stream health
indicators, of which this report places most emphasis on the watatityuand
macroinvertebrate indicators;

A An estuarine sediment quality model, providing estimates of sediment metal
concentrations;

A An estuarine benthic health model, providing an indicator of benthic
maaoinvertebrate community health; and

A A set of mitigéion costing models, providing estimates of the lifecycle costs of
stormwater treatment, earthworks controls, stormwater quantity control and riparian
management.

A summary of each of these models and the outputs which form the basis of the results and
discussion presented in Chapter 3 of this report are presented beldvile urther details on each
can be foundn Moores et al. (2012).

Catchment Contaminant Annual Loads Model

The Catchment Contaminant Annual Loads ModeLACM)s a simple deterministimodel that

predicts annualevels of imperviousness amdtchment loads ofhe stormwater contaminants

sediment, copper, lead and ziiteach planning unit from inputs relating to land use, transport

earthworks controlsaand stormwater management chatacistics. GCALM was originally developed
asastandalonemodeli KI & SEGSYRSR ! dzO1f | YR [/ 2QMTinpetdey / 2y G|
et al., 2010)nto a GIS softwarenvironment (SemaderaviesandWadwha, 2011 Anumber of

enhancements, such asefhability to model land use change over time, have been made as part of
integrating it within the DS3/Aoporeset al., 2012.

StreamEcosystem HealtBayesian Belief Network

Environmental indicator scores for each stream reporting unit are calculatedBbyesian Belief

Network (BBN) based on three sets of inputs: riparian vegetation and stormwater management
characteristics specified as part of the urban development scenario; percentage imperviousness and
contaminant loads predicted byCALM; and a seff starting conditions defined as part of
implementation of the DSS. The BBN is a probabilistic method developed specifically for
incorporation in the DSS by building a conceptual model of logical relationships between variables
and quantifying the strengjt of these relationships using conditional probabilities (Castelletti and
SonciniSessa, 2007). These probabilities were derived from a range of sources, including literature
review, observations and the expert judgment of specialist scientiét®fes etal., 2012).

Urban Development and theRWP 3 ucas Creek Catchment Case Study A3



The BBN predicts scores for seven stream environmental indicatatsr quality;

macroinvertebratesriparian vegetation; habitat; hydrology; aquatic plants; andivefish.

Ddfinitions of these indicators angrovided in Appendix Alhese pedictionsare madein the form of
LINPOFOAETAGE RAAGNAOdziAZ2Yya F2NJ GKS a02NBa (G2 FIff
WKAIKQ Ké&erdtionfofdhe finkl Score then involvesnipulation of these distributions to

generate a singlexpected valudor weighted averageycorein the range 0 to 1, where a higher

score indicates better stream health.

The findings of the current study are principally illustrated with reference to the water quality and
macroinvertebrate scores (see Seati®.3) providing a physichemical and ecological indicator,

respectively, of the outcomes of urban development scenaribg. presentation of results for the

latter indicator reflect the fact that objective Al of the NPM includes, among other matterts,

&l ¥ S 3dzl NRippariing Gpatity, @8system processes and indigenous species including their
laa20Al GSR SO2aeaisSvyasz 2F FNBAK gl GSNWeg LG Aa (K
reflect the physical and chemical qualities of fregter bodies but also the health of the

ecosystems that they support. While the results presented in Section 3.3 are illustrated with

reference to the macroinvertebrate indicator, examples of the scores predicted for other stream

ecological indicators argiven in Appendic.
Estuary Urban Stormwater Contaminants Model

The appropriated Urban Stormwater Contaminants (USC) model predicts the bed sediment
accumulation rate, particle size distribution and concentrations of copper, lead and zinc in each
estuaryreporting unit from the sediment and metal loads calculated B§ALM and a set of starting
conditions defined as part of implementation. The full USC model has been progressively developed
to model increasingly complestuaries (Williamson et al., 1998reen et al., 2004; Green, 2008),
necessitating a degree of simplification, including its operation at an annual rather than daily time
step, in order to allow its integration within the DSS.

Estuary Benthic Health Model

The bed sediment concentrations ofpper, lead and zinc predicted by the USC are used by the
Benthic Health Model (BHM) to calculate an ecosystem health score for the benthic zone (which
incorporates estuary bed sediments and lowest part of the overlying water column) in each estuary
reporting unit. The BHM is an existing empirical model developed from benthic community and
sediment chemistry data collected at sites throughout the Auckland redinddrson et al., 2006

Mitigation Costing Models

A set ofmodels developed as part of thercant research make predictions of thiéecycle costs of
stormwater treatment, earthworks controls, stormwater quantity control and riparian management.
The inputs to these models aland usecharacteristicslevels of stormwater management and
earthworks controls andhe extent and quality of riparian vegetati@pecified as part of the urban
development sceario, along withthe percentage imperviousnesslculated by €CALM. The
developmentof the modelsnvolved application of a stormwater devisealecosting modelCOSTnz
(Ira et al., 2008along with the collection and manipulatiaf data from councils and practitioners

on the costs of stormwatemanagement device®rosion and sediment control and riparian planting
to estimate representative catchemt-scale costs under a range of catchment management scenarios
(Ira,2011;2012 2013; 20154. Further comments on the costing models of particular relevance for
the interpretationof the results of this study are made in Section 3.4.2.
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2.3 Case Study Locain

Thecase study investigatetie effects ofa range of futuraurban developmenscenariosn the Lucas
Creek catchmentyhich straddles with current Metropolitan Urban LinfidlJL)on the northern

fringe of AucklandseeFigure2-2). The catchment covers an area of 3,774 ha, contains streams with
a total length of 44km andrains to the 150ha Lucas Creek tiofét, an estuary of the Upper
Waitemata Harbour.

Twoprincipalfactors favoured the choice of this catchment as the tmrafor the study Firstly, as

LI NI 2F (GKS RS@GSt2LIYSyd 2F GKS 5{{ Iy SIFENIASNI ai
development in the Lucas Creek catchment over the period 1960 to 2010 and compared the results
with observations in order to demotrate the validation of the systenMoores et al., 2012; 2034

The catchment has undergone significant urban developrsire the 1980¢seeFigure2-2) and is
relatively data rich as a result of various enviramtal monitoring and modéhg studies (ARC, 2010;
Green et al., 2004; North Shore City Council, NSCC, 2005a; NSCC Pzédkttions of stram and
estuarine indicatorsnade by the DS&rresponded well with monitoring data, providing confidence

in the @pability of thesystem The same study then ran a comparison of four illustrative future

urban development scenaripbased on growth projections provided by Auckland Council (Moores et
al., 2012)As a result of havingreviously demonstrated the perforamce of the DSS in Lucas Creek
catchment and having the relevant environmental data and growth projections at hand, the choice of
this catchment for the current study therefore ensured minimakggteffort.

Secondly, the catchment contains saatchmentswhich have undergondifferent forms of historic

urban developmentin particular, there is a marked contrast between the extent and characteristics
of urban development in the sutatchments of the Lucas Stream and Oteha Streams. The latter is
more fullydeveloped and contains virtually all of the industrial land use of the catchment as a whole.
This contrast provided a basis for investigating the extent to which differences in historic forms of
development influence the ability of mitigation to achieve #haintain or imprové€intent of the

NPSFM.

The Lucas Credidal inletis a relatively sel€ontained estuary, with most of the incoming
contaminant load delivered from the immediatatchment (Greert al., 2004. Thismeansthat the
impacts of develpment scenarios on estuarine environmental quatiyn be assessed without
needing to have regard to contaminant sources in other catchments. The relative simplicity of the
sourceto-sink relationship in this location was one of the factors supportingelsction in the

original 2012 study.

2.4 Implementation of the DSS

2.4.1 Spatial Representation

In the implementation of the DSS the catchment was represented by four PableZ-2 and Figure

2-3). The PLUs werdefined on the basis of land use and satbchment boundaries. PLU2 and PLU3
each contain an SRU, Lucas Stream and Oteha Strezspectively. While the two remaining PLUs

also contain a number of small streams, they do not form linked networks andvReaot

defined in these sugatchments. The Lucas Stream and Oteha Stream are by far the most significant
parts of the stream network in the catchment as a whole and have sufficiently different catchment
characteristics as to provide a basis for addiggshe objectives of the study. The DSS makes its

4Including its tributary, the Alexandra Stream
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predictions of the indicators for each of these two streams based solely on development in their
corresponding sulzatchment (or PLU). In contrast, indicators for the sole ERU (the Lucas Creek tidal
inlet) are influenced by development in all four PLUs.
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Figure2-2: (a) Location of Lucas Creek tidal inlet and its catchment in relation to the Upper Waitemata Harbour and Auckland Metrogdtitan Limits (MUL); (b) Land use
in 1960; and (c) Land use in 2010.
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Table2-2:

Spatial representation of the case study area in the DSS.

Unit Name Area (ha) Length (km) Contributing sub
catchment
PLU 1 Paemoremo 411 - -
PLU 2 Lucas 957 - -
PLU3 Oteha Valley 1258 - -
PLU 4 Greenhithe 995 - -
SRU 1 LucasStream - 13.8 PLU 2
SRU 2 Oteha Stream - 17.9 PLU 3
ERU 1 Lucas Creek tidal 152 - PLUs 4
inlet
PLU2
N T Lucas Stream
SRU 1 [
A
Y SRU 2
i : Oteha Stream
¢ PLU1
ERU1
A N .. o~ \ '
)
-\ ;- : ;L
P c-i- \ 3
Figure2-3: Spatial representation of the case study area in the DSS (PLU = planning unit; SRU = stream

reporting unit; ERU = estuary reporting unit), emphasising the locations of Lucas Stream and Oteha Stream.
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2.4.2 Data Sources

Implementation of the DS3sm involved defining the value of various parameters that represent the
characteristics of each PLU, SRU and ERU along with other parameters representing starting

conditions in 1960. The DSS was then fustly,with inputs reflecting historic land us#hange over

the period 1966201 and, secondly, assuming no land use change over the period 228D The

outputs of thesehistoric model ruswere then adopted as a new set of implementation parameter

values defining starting conditions in 2010 for #eF dzii dZNB Q Y2 RSt Ndzya NBLINB & S\
urban development scenarios assessed as part of the current gsegySection 2.5.1)

The data sources used to define implementation parameter valuesagdide the historic model
run included:

A Aerial phobgraphs to map landise change and to establish the timing and rate of
urban development;

A Census population data (1976 to 2006) and housing stock counts (1960 to present) to
establish the timing and rate of urban development;

A NZ Transport Agency publicat®and websiteNZTA, 2008; 20)20 assess traffic
numbers and trends;

A North Shore City Council (NSCC) stormwater asset manag@maent2009) and asset
consent data to estimate the degree of stormwater treatment in each of the PLUs;

A NSCC stream survey¢3CC 2005200%; 2005) to obtain implementation data
relating to the streams;

A Various ARC documents including annual State of Environment reports for freshwater
and coastal environments (e.g., Reed and Gadd, 2009; Neale,;20itiNeale,
201M) to obtan implementation data relating to streams and the tidal inlet.

Further details of the manipulation of the data from these sources to implement the DSS are given in
Moores et al. (2012).

2.4.3 Customisation

As described in Section 2.2.2, stormwater contamiraatls are estimated by theCALM model

embedded withinthe DSS-/C! [ a | LJLJX AS& O2y Gl YAyl yl &@ASftRa RS@S
CLM These yields were derived from analysis of stormwater monitoring results in areas of central

Auckland, reflecting devepment at various times over thE900s (Timperley et al., 201). contrast

to central Aucklandmost of the development in the Lucas Creek catchment has occurred since the

1980s, over which time trends in roofing materials have seen a reduction in ¢hefdsgh zine

yielding galvanised steel in favour of lower yielding materials such as unpainted zinc/aluminium

(Zincalume) and coated zinc/aluminium (Colorsté€inperley and Ree@008. Reflectinghese

trends, the split between different classes obfing materialsused in-C! [ a Qa Ol f Odzt I G A 2y
customised for the current study. The customised breakdown gives predominance to the use of

5h23S GKFG F WKAAG2NAROQ Y2RSE NUzy 6+ & LISNF 2 NIOSHe 201 Zstudyl TRiEwag F G KS O dzND
6S0FdaAaS GKS 5{{ KIF& dzyRSNH2yS &A3AYyAFAOIyli TFTdNIKSN) RSEFaQQLHSyi28AyO0
predictions covering both the historic and future development periods.
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unpainted zinc/aluminium in industrial areas and coated zinc/aluminium in residential and
commercial areagafter Timperley and Ree@008.

2.5 UrbanDevelopment Scenarios

2.5.1 Land use change

The assessment consideredriants ofa set of five future landise changescenariover the period
20102060.Differences indnd useare important drivers of the predictions made the DSS,
because theyletermine the level of impeafiousness and consequently, estimates of contaminant
loads modelled under each scenario.

Three of thdand use changscenarios take as their starting point the historic urban development
that occurred n the Lucas Creek prior to 20{@presented by the land use shownHRigure2-2(c)).
They are:

A Scenario 1 Low density greenfield development;

A Scenario 2 Higher density developmeiivolvingamix of greenfielddevelopment
andinfill development in existing residential areas; and

A Scenario 3 Brownfield developmentinvolvingthe replacement ofireas of existing
industrial developmentvith high density residential development

The two remainindgand use changecenarios take aheir starting point the hypothetical situation of
there having been narbandevelopment in the catchment over the 19@010 periodin other

words,in thesescerariosit wasassumed that land use (and associated environmental conditions) in
2010 could e represented by théand use that existed in 196&i¢ure2-2(b). These two scenarios

are:

A Scenario 4 Low density greenfield developmergnd
A Scenario 5 Higher density greenfield development.

The rationale fothe adoption ofdual starting poing was to allow the study to compare situations in
which theremay be legacy effects on water quality associated Wwisloric urban development with
those in which are ntegacy effectsHad an alternative approach been adopted in witjokenfield
development scenarios ianother catchment were compared with development scenarios in the
historicallydeveloped Lucas Creek, it is likely ttia interpretation of resultsvould have been
complicated by the influence of variations in catchmheharacteristicsWhile recognising the
completelyhypothetical nature of Scenarios 4 and 5, by conducting this comparisosingle
catchment area, the study was able to hold constant paramesdwesrepresenting catchment
characteristics.

All fiveland use changscenariosnvolve development over the first 25 years of the study
timeframe, with development assumed to be complete by 20B4is is broadly consistent with
Auckland Council growth projectionshich project only limited growth after thidate (seeFigure
2-4). By the completion of developmentllacenarioesccommodatean identicainumber of
dwellings beingthe number consistent with full development of residentiined landat high
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densitiesaddedto the numberresulting from historic developmehtThe distribution of dwellings
amongPLUs is also consistdmtween scenarigswith the exception of Scenario(Brownfield
development). In this scenarithe majority of development occurs in PLU3 (Oteha Valley)alue
that being the location of most of thexisting industrial land use in the study ar&ach scenario also
accommodates the same extent of industrial and commercial land, again with the exception of
Scenario 3 due to the replacement of existing indastand with housedt is assumed that this
represents a situation in whialedundantindustrial land undergoes urban regeneration, such that
there is no loss of industrial activity in the catchment. Accordingly, the study did not consider any
effects ofbrownfield development associated with the relocation of industrial activity to other
catchments. This would be an important consideration where such a situation exists. Note that
Scenarid doesallow for the development of thesamearea of new industrighnd commercial land

as the other scenario®s 20% growth in vehicle numbers is assumed in all scenarios, consistent with
the trend adopted in the earliestudy (Moores et al., 2012).

L0000

Number of houses

Figure2-4. Projectednumber of dwellings by PLUWData provided by Auckland Council.

Because each scenario accommodates the same number of dwellings but at differing densities, they
SIFOK KIF@®S + RAFTFSNBY(G WdaNbly F220LINAYy (@& ! INBI
scenarios involving low density forms of development than under those involving higher density

forms (see Table-&, AppendiB). It is important to note, however, that planning provisions #re

main determinant of amirban footprint. In other wordsgwelling densityand numbers ara function

of the allowed urban footprint (and related zoning rules), rather than the other way round.

Figure2-5 shows the imperviousness (proportion of land undempermeablesurfacessuch as
concrete, asphalt and roofs) in 2010 and predicted for 2060 under each of the fiveisanchange
scenarios for the catchment as a whole and for the focuscailbhments of Lucas Stream and Oteha
Stream.The study area imperviousness in 2010 under Scenaridsand 3 is just under 30%,
reflecting the historic development of the catchment. By 2060, the study area imperviousness

6Meaning thatsig A FA Ol yif & Y2NB 7TdzidaNS RSHSE2LIVSyid éF & adadzySR G2 200dzNJ Ay
Scenarios 1, 2 and 3.
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increases to over 40% in Scenario 1 (low density) gtk markedncreases in Scenario 2 (higher
density) and Scenario 3 (brownifis).

In contrast, in Scenarios 4 and 5 there is very little impervious cover in the study area at 2010 but
under Scenario 4 (greenfields) this increases to nearly 50%, the highest level under any scenario. This
reflects the low density nature of all defepment this scenario, in contrast with the other low

density scenario (Scenario 1) in which some of the development occurring over the historic period

was medium to high density.

Under all scenarios imperviousness in both 2010 and 2060 is higher in Sitelaan sukcatchment

than in Lucas Stream swatchment, reflecting the more extensive historic development in the

Oteha Stream subatchment. However, the increase in imperviousness is actually greater in the
Lucas Stream sutatchment, reflecting the rative amount of projected future growth that each of

the two subcatchments will accommodate. Further details of the land use breakdown under each of
Scenarios 1 to 5 is given in Appendix

Mitigation
For each of the five land use change scenarios, a enmibalternative contaminant and stream
management interventions were considered. These included:

A W{ (I ( t=a&ls tjf daBhorks controls (75% removal of TSS) and stormwater

treatment (either unchanged from the historic level of stormwater treatmentior

FNBFa 2F yS¢é RSOSt2LIVSydz tp: NBY20Ft 2F ¢
A W, Sad LINIFOGAOSQ tS@Sfa 2F SINIKg2Nla O2ydaN
GNBFGYSYyd odm: NBY2Q0It 2F ¢{{ YR WKAIKQ Y
roofs (use blowest zineyielding material§ in areas of new development;

A Water Sensitive Design (WSD) development: projected additional dwelling numbers
accommodated with a smaller impervious footpfifgeeFigure2-6 for a comparison
of imperviousness under each scenario, with and without the adoption of WSD);

A WSGNRTFTAGGAYT WwWoSad LINFOGAOSQ aid2NXgl SN O2

A Vehicle component source control: lower coppaelding brake pads and lowainc
yielding tyresand

A Extensive and high quality riparian planting (90% of stream length, 20m buffer width,
diverse species composition).

7AsnotedirTable2-1, mSG+f NBY2dFt NI GSa F2N S| Odtweenthe dikdlvadra@partbiaeRaciahsQ F Yy R WE 2 ¢
8 As noted in Section 2.4.the customised breakdowof roofing materialgives predominance to the use of unpainted zinc/aluminium in

industrial areas and coated zinc/aluniim in residential and commerdiareas. While both are relatively leminc yielding materials, the

former still has a zinc yield one order of magnitude (10 times) higher than the latter. In future development scenarisemépgehe

application of roof contaminant source controlwas therefore assumed that coated zinc/aluminium would be used in the place of

unpainted zinc/aluminium.

® The lower imperviousness associated with WSD reflects the assumption that, under this form of development, the areasrofidsofs

and paved impenous surfaces associated with a given number of dwellings will be smaller than under an equival¥SBon

development, for instance as a result of clustering, the construction of narrower roads and the use of permeable paving.
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Figure2-5: Imperviousness in 2010 and 2060 for Scenarios 1 to 5, inad$or the study area (upper),
Lucas Stream subatchment (middle) and Oteha Stream subatchment (lower) Note these plots show
imperviousness in the absence\bkter SnsitiveDesign (contrast withrigure2-6).
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Figure2-6. Imperviousness in 2010 and 2060 for Scenarios 1 to 5, inclusive, for the study area, showing
influence of Water Sensitive Design.

These mitigation measures were applied in additive fastoagach land development scenario , with
A0SYIFNR2 QGFNARIylha Ay@2t @Ay3 adlddza ljdz2 SINIKg2N]
CAIdzNBE H T7T0d {OSYINA2a& Ay @2f gAy3a AYyONBFaAy3d f SGS
02 WOOK2FOSYyINA2d {OSYyINAR2 GFINRARFIyGa wcQ G2 wIQ i
status quo scenario and to two of the contaminant management scenarios. This allowed comparisons

to be made of the effectiveness of contaminant controls and igraplanting individually and in

combination.

AppendixB provides a summary table of the variants of each scenario modelled.
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3.1 Introduction

This chapter presents and discustge results of the study. It provides, firstly, a comparison of the
loads of sediment and metals predicted under alternative urban development scenarios before
addresang each of the four key questions posedSection 1.2

While 35 different scenarios were modelled g A G K G KS 5{{Q&a FdzZ t NI y3aAS
each,the report focuses on presenting a limited ssét of results which illustrate the key findings
Additional results that complement those presented in this Chapter are presented in Apg&ndi

While certain results are presented for the study area as a whole and others for the Lucas Creek
estuary, emphasis is given to the results for the focus stiied_ucas Stream and Oteha Stream, and
their subcatchments.

3.2 Contaminant Loads

3.2.1 Introduction

As indicated in Section 1.2, the prediction and reporting of stormwatetasninant loadsassociated
with urban development formed part of the objectives of thisdt. The contaminants modelled
were sediment and the metals copper, lead and zinc.

In themselves, variations in loads of these contaminants are a useful indicator of the potential effects
of urban development. In addition, having an understanding of vianatin contaminant loads, and

the reasons for those variations, provides context to understand some of the consequent findings
relating to predictions of stream water quality.

3.2.2 Sediment loads
Rural sediment

Figure3-1 presents thepredicted total sediment load over the 50 year study timeframe under

variants A, B and C of each of Scenariés Qther than in Scenario 44reenfields low density
development withstatus quamitigation), around 70% or greater of the total catchment Badnt

load is associated with rural sources. This is because, despite a reduction in the area of rural land as
urban development progresses, the DSSediment yields from rural land are higher thiaose

from developed urban land. Differences betweenrsmgos in the rural loads of sediment are a

reflection of differences in the footprint of urban development, with Scenarios 4 and 1 (low density
development) involving theonversiorof the greatest area of rural larahd, as a consequence,

having the lowst rural sediment loads

The same effect can be seen in relation to scenarios involving Pi@De3-1 shows that rural

sediment loads are predicted to be higher in scenarios 1C, 2C and 4C (which involve the use of lower
imperviousness WSD) than in the corresponding A and B scenarios (which involve traditional, higher
imperviousness, forms of development). This reflectsabgumptiorthat the use of WSEesults in a
smallerdevelopmentfootprint, leaving a larger area of undewepked rural land.

These differences are important for the following reaslnthe DSS, predictions of the stream water
quality indicator take account of a range of factors which influence water quality, incladthg
metal andsediment loadsln catchmeis featuringpredominantly urban land uséhe water quality

26A Urban Development and theMlPS.ucas Creek Catchment Case Study
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indicator score tends to be relatively low as a reflection of high metal loads, despite the fact that
sediment loads are relatively low. In contrast, in predominantly rural catchments the ediahigh

loads of sediment are the more influential factor in driving ddiva water quality scorgbecause

metal loads in these situations are relatively I(see Sectiol.3.2). Understanding this influence of
rural land is a important point, and not only so that certain potentially countetuitive results can

be understood. It also indicates the potential limitation of considering mitigation of urban
development effects in isolation from the management of undeveloped/ paes of a catchment. It
may also be necessary to consider mitigation that targets rural land use effects on water quality, as
part of the adoption of an integrated catchment management approach.

120000
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BO000
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20000

o
14 18 1t 4 B2 34 3B 3¢ 45 4B 4C A 5B 5C

N Rural = Earthworks Urban

Total 50 vear sediment load (T)

Land development (1) Historic + low density (4) Greenfield low density
(2) Historic + high density (5) Greenfield high density
(3) Historic + brownfield

Mitigation: (A) Status quo contaminant contro(®) Best praate contaminant controls; (Best practice
contaminant controls and Water Sensitive Design (lower imperviousness).

Figure3-1: Total predicted sediment loadby sourcefor selected urban development scenarios, whole
study area.

Urban sediment

Urban sediment loadare predicted tanake up the next largest proportion of total sediment load
under all Scenarios-3. In these scenarios, the application of best practice stormwater treatment
(scenarios B) and W&xenarios Q)esults in onlya slight reduction in the urban sediment load
associated witlstatus quostormwater treatment (scenarios A). This is because the hilgvets of
treatment apply only to new areas of development, with treatment in areas of historic development
remaining at thestatus qudevels.

Under Scenarios 4 and 5 there is a much greater contrast between urban sediment loads predicted
for status qudevels of treatment (scenarios A) and those predicted for best practice stormwater
treatment (scenarios B) and WSD (scenarios C). This reflects the fact that these scenarios assume
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that there has been no historic development and, as a result, the highensgtater treatment levels
apply to the entire area of urban development.

Earthworks sediment

Earthworks sediment loadse predicted tomake up a relatively small proportion of the total load

(less than 10%) in the majority of scenaribss worth notingthat, in all of these scenarios, erosion

and sediment controls are assumed to be in place, as represented by reductions of 75% and 90% of
the generated load with the use efatus quoand best practice controls, respectively. In the absence
of these contols, or with less effective controls, the contribution of earthworks to the total sediment
load and its influence on water quality indicatocsuldbe expected to benuch more significant.

In Scenarios-Bthe relative insignificance of the earthworks &ment loads alsoeflects the fact

that a significant proportion of the urban development in the study area has already occurred over
the historic development period. In contrast, higher earthworks loads are predicted under Scenarios
4 and 5, reflecting th much greater extent of new development under these scenafibs.

contrasting performance dftatus quo(scenarios A) and best practice (scenarios B and C) earthworks
controls is evident in relation to all five groups of scenarios but is most notabite tomparison of
earthworks sediment loads predicted for Scenarios 4, reflecting the fact that this scenario involves
the most extensive development footprint.

Subcatchment variations

Figure3-2 presents the predicted sedimerads for the same set of scenarios in Lucas Stream and
Oteha Stream subatchments. While the relatity betweenloads predicted for eacbf the scenarios

is similar to that for the study area as a whdtegdsare predicted to be higher in the Oteha Stnea
sub-catchment than in the Lucas Stream stdichment, reflecting the larger size and more extensive
development of the former. In addition, urban sources account for a greater proportion of the total
sediment load in the Oteha Stream soatchment (neanof 24%in these scearios) than in the

Lucas Stream sutatchment (nean of 1%6).Conversely, rural sources account for a greater
proportion of the total sediment load in the Lucas Stream-satthment (mean of 75% in these
scenarios) than in the Oteha Sam subcatchment (mean of 69%).

3.2.3 Metal loads

While soil contains background levels of copper, lead and zinc, the predominant source in

catchments undergoing urban development is the wa$fhof metals accumulated on impervious
surfaces. These metals accuiiel as a result of physical processes such as wear on vehicle
components (tyres and brake linings) and chemical processes such as the dissolution of zinc from
galvanised roofing materials. As development proceeds and the areas of roads, roofs and other
impervious surfaces increase, so metal loads discharged to receiving water bodies can be expected to
increase. This section illustrates the variations between scenarios using the example of annual zinc
loads. However, much the same patterns as those deschbéalv are evident in the results

predicted for the other metals.
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Figure3-2:  Total predicted sediment load for selected urban development scenarios, L&r@sam sub
catchment (upper) and Oteh Stream sukcatchment (lower).
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Influence of development type

Figure3-3 showsmodelledtrends in annual loads of zinc over the study timeframe for the whole
study area, including those associated with the historic period poi@010°. Trends are plotted for
each of the land use change scenarios, assustays qudevels of stormwater treatment
(scenarios A).

Land development (1) Historic + low density (4) Greenfield low density
(2) Higoric + high density (5) Greenfield high density
(3) Historic + brownfield

Figure3-3: Predictedannualzinc loads for urban developmentgnarioswith status quocontaminant
controls, whole study area.

Annual zinc loads under Scenarie8 dremodelledto be at around 1000 kg yeaby the end of the
historic development, before diverging over the future development period. By the20ids,
following the completion of the future development, annaithcloads under these Scenarios are
predicted to be around 1500, 1400 and 1150 kg Yearder Scenarios 1A (low density), 2A (higher
density) and 3A (brownfields), respectiveter this dag, there is no further increase in the
footprint of urban development and, accordingly, the rate of increase in the annual loads of zinc
becomes much more gradual (note the flattening off of curves after 208%gure3-3). Ths more
gradual rate of increase annual zinc loadafter 2035 reflects the assumption of a continuing
increase in vehicle numbers over this period. The same trend can be seen in the results for other
scenarios described below.

101n this, and subsequentdures, curves for two or more scenarios over the historic period-20H) are often superimposed such that
some curves are not visible. For instance, over the period 1985 and 2010, four of the scenarios (no additional develdp2arand 3A)
are modéled to followidenticaltrends of increasinginc loadsbut only thecurve for Scenario 3 visible because ii$ the last of thdour
to be plotted. After 201Qhe trends in zinc loads under each of the feaenariodiffer such that the curves foraeh scenario are visible
over this period
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Annual zinc loads under Sceiws 4 and 5 are around only 18§ year in 2010, reflecting the

relative absence of impervious surfaces. By the-26i@0s, following the completion of development,
annualzincloads under these Scenarios are predicted to be around 1600 and 1350 Kgipelar
Scenarios 4A (low density) and 5A (higher density), respectivelyelbaels differ from the loads
predicted under the comparable pokistoric scenarios (1A and 2A, respectively) because they
involve solely low density or higher density developmevhile the posthistoric scenarios also
include a mix of development that occurred over the historic period.

These differences between lower and higher density development scenarios are informative because
they illustrate the beneficial effect on metgéneration of constraining the development footprint
through higher density and/or brownfields development. In the absence of the counteracting
influence of higher sediment loads from rural land described in Section 3.2.2, these constrained
forms of devedbpment could therefore be expected to deliver better water quality outcomes than

more extensive, low density development. These results therefore provides a further illustration of
the value of taking whole-of-catchment approacihhat considers how besbtmanage both urban

and rural effects on water quality.

Figure 34 presents themodelledzinc loads for the same set of scenarios in Lucas Stream and Oteha
Stream sukcatchments. While the relatity between scenarios is similgy that for the study area as

a whole, loads are predicted to be higher in the Oteha Strearrcatdhment than in the Lucas

Stream sukcatchment, reflecting the larger size and more extensive development of the former.

An important feature of the resultkor the Oteha Streanthat is not evident in the results for Lucas
Stream or the study area as whagethe way in whiclthe annual zinc loadpredicted forScenario 3A
are slightly lower than those associated with the historic development. This reflecfat¢hthat,

under this Scenario, nevesidentialdevelopment replaces areas of old industrial developmettihén
Oteha Streansub-catchment. Thigvoidsanincrease in the urban footprint so that, even witatus
guostormwater treatment loads of zinc aheld approximately at thexésting levelsWith improved
levels of stormwatecontaminant control the brownfields scenario performs even better in thissub
catchment (see below).

Influence of mitigation

Figure 35 shows tte influence of alternative contaminant controls on predicted trends in annual
loads of zinc for Scenario 2 (higher density, following historic development) and Scenario 4 (low
density greenfields development). Loads are predicted to fall markedly with bedigeréevels of
stormwater treatment (scenarios B). Patgvelopment annual loads of zinc are predicted to be
approximately 40% lower in Scenario 2B and 70% lower in Scenario 4B than in the corresponding
scenarios involvingtatus quostormwater treatment §cenarios A). Further incremental reductions in
annual zinc loads are predicted for scenarios which add in WSD (C), retrofitting of stormwater
treatment to areas of historic development (D) and the use of low mgtdting vehicle components
(E). In thidatter scenario, involving the full suite of contaminant control measures,-post
development annual zinc loads are predicted to be 80% (2E) and 90% (4E) lower than under the
respectivestatus quoscenarios (A).
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Land development (1) Historic + low density
(2) Historic + high density
(3) Historic + brownfield

(4) Greenfield low density
(5) Greenfield high density

Figure3-4: Predicted annual zinc loads farban development scenarios witbtatus quocontaminant
controls, Lucas3ream subcatchment (upper) and Oteha Stream suatchment (lower).
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Land developrent; (2) Historic +highdensity (4) Greenfield low density

Mitigation: (A) Status quo contaminant controls
(B) Best practice contaminant controls
(C)As (B) with Water Sensitive Design (lower imperviousness)
(D) As (C) with retrofitted stormwaterdgatment of historic development
(E) As (D) with vehicle source control

Figure3-5. Predicted annual zinc loads for selected urban development scenarios employing alternative
stormwater contaminant control measures, whole study area.

Figure3-6 shows the influence of alternative stormwater controls predicted trends in annual

loads of zinc in the Lucas Stream and Oteha Streartaichments for Scenario 3 (brownfields
development). While the relativity between predicted loads is the same in botlcatdhhments, a
significant difference is the wawg which all forms of stormwater control are predicted to result in a
reduction from historic zinc loads in the Oteha Swabchment. This reflects the influence of replacing
existing industrial areas with new development, to which improved levels of stotemwantrol are
applied.
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Mitigation:

(A) Status quo contaminant controls

(B) Best practice contaminant controls

(C)As (B) with Water Sensitive Design (lower imperviousness)

(D) As (C) with retrofitted stormater treatment of historic development
(E) As (D) with vehicle source control

Figure3-6:

Predicted annual zinc loads for brownfields development scenarios employing alternative

stormwater contaminant control measures, Lucas Stream sttichment (ipper) and Oteha Stream sub
catchment (lower).
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3.3 Stream Water Quality

3.3.1 Introduction

This section presents and discusses illustrative results which address the first two of the four
guestions posed in Section 1.2. Those questions are:

Howcanthe overall giality of water be maintained or improved in an urban development
context?

If stream water quality in some stdatchments is not maintained and/or improved, is it still
possible to maintain and improve water quality at the catchment scale? (on average)

Thefindings are illustrated with reference to predictions of scores for the water quality and
macroinvertebrate indicatorgroviding a physicehemical and ecological indicator, respectively, of

the outcomes of urban development scenarios. Scores for theieatorscan take a value in the

range 01, with a higher score indicating better stream health. As described in Section 2.2.2, the DSS
also predicts five other stream environmental indicators. Examples of scores predictahferof

those other indicadrs arepresentedin AppendixC.

3.3.2 Influence of Development Type

Figure3-7 showsmodelledtrends in the water quality indicator score over the study timeframe for
Lucas Stream and Oteha Stream, including those associated witlistbedperiod prior to 2010.
Trends are plotted for each of the land use change scenarios, assataing qudevels of
stormwater treatment (scenarios A).

Under all scenarios, the water quality indicator score for the Lucas Stream is predictedriunficdl f
medium value of around 0.5 in 2010 to a low value of around!2060. There is relatively little
difference between the results for each of the five scenarios.

There is greater variation in the predicted scores for Oteha Stream. Under Scenaribs tvater
guality indicator score imodelledto be very low (at around 0.1) in 2010, reflecting the impact of the
more extensive historic development of this sadfitchment. With further development the predicted
score remains low, although there is seimprovement to a value of around 0.2 in Scenatiand 2

as a result of the replacement of rural land and the consequent reduction in sediment load. Under
Scenarios 4 and 5 thmodelledwater quality indicator score in 2010 is a medium values of around
0.45 reflecting the absence of historic development impacts. With development the score is
predicted to fall to around 0.1. Notably, however, under Scenario 4 (low density greenfield) the
large-scale consumption of rural land and consequent reduction dimnsent load is predicted to lead
to a partial recovery in the water quality score to a value of around 0.3.

When reflecting on the lowewater qualityscores forscenarios involving high density and brownfield
development, it ishereforeimportant to take account of te influence of rurallerived sediment, as
discussed in Section 3.2.2. The higher rural sediment loads in these scenadosraezingthe
benefitsof the lower metaloadsachieved by constraining the development footprint (as described
in Sections 3.2.3), again indicating a need to consider the management of rural impacts on water
guality in catchments undergoing urban development.

111n the case of Scenarios3l there is an earlier drop then recovery in the predicted water quality indicator score coinciding with the
period of historic earthworks.
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Land development (1) Historic + low density
(2) Historic + high density
(3) Historic + brownfield

(4) Greenfield low density
(5) Greenfield high density

Figure3-7:
contaminant controls Lucas Stream (upper) and Oteh

Predicted water quality indicator scorefor urban development scenariosith status quo

a Stream (lower).
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3.3.3 Influence of Mitigation

Contaminantontrols

Figure3-8 shows the influence of alternativeontaminantcontrols on predicted trends in the water
guality indicator score for Scenario 2 (higher density, following historic developméetpobt
developmentwater quality scorés predicted tamprove successivefyom a low score of around 0.2
for Scenario 2Asatusquo) with the addition of an increasing number of stormwater controls.

In the case of Lucas Stream, the use of best practicéaminant control§Scenario 2B) increases the
predicted score to around 0.4, while remaining below the-gexelopment of scoref around 0.5. In
contrast, the addition of WSD (Scenario 2C) rasalan improvement compared to the paehtstoric
development score, increasing it to 0.6. Further improvements in the predicted score to a relatively
high 0.7 are associated with the &tidn of retrofitted treatment of historic development (Scenario
2D) and use of low metglielding vehicle components (Scenario 2E).

In the case of Oteha Stream, while scenarios involving best practitaminant control§Scenario

2B) and WSD (Scenafi@) result in amallimprovement in the predicted water quality score

(around 0.25, compared to 0.2 fetatus quocontrols), the score remains well below the pre
development score of around 0.45. However, with the additioretrofitted stormwatertreatment

of historic development (Scenario 2D) and use of low mgtdting vehicle components (Scenario
2E), the predicted score improves markedly to over 0.6. The more sluggish response of the water
guality indicator score in the Oteha Stream compared whtt in Lucas Stream reflects the greater
difficulty of dealing with the legacy effects of the more extensive historic development in this sub
catchment.

Riparian planting

Figure 3.%hows the influence of extensive riparian planting, in combination wttrrsative levels
of contaminant control, on predicted trends in the water quality indicator score for Scenario 2
(higher density, following historic development). Irrespective ofléhesl of contaminantontrol
involved, riparian planting is predicted take only a marginal improvement in the water quality
indicator score over and above the gains resulting from improved levelsntdminantcontrol.

l'ad y2U0SR Ay {SOGA2Y odPHPHI GKS 5{{ Q& LINBRAOUAZ2YV A
arange of factors which influence water quality. Riparian planting influences the indicator score

through lower stream temperatures. Howeve@tantinghas no influence on chemical aspectshaf

water qualityindicator scordi.e. metal loadsnd concentrtions) because stormwater pipe outlets

are assumedo discharge urban runoff directly to streams, even where riparian planting has been
undertaken. Riparian planting is therefore modelled in the DSS to play no role in the treatment of
stormwater'?,

12However, a potential area for further deloment of the DSS is to allow it to take account of riparian planting in undeveloped rural
areas of a catchment where diffuse runoff processes are likely to dominate. In these situations, riparian planting pnevidgsritial to
reduce loads of sediménlelivered to rivers and streams.
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Mitigation:

(A) Status quo contaminant controls

(B) Best practice contaminant controls

(C)As (B) with Water Sensitive Design (lower imperviousness)

(D) As (C) with retrofitted stormwater treatment of historic development
(E) As (D) with vehicle source control

Figure3-8:

Predicted water quality indicator scores for selected higher density urban development

scenarios employing alternative stormwater contaminant control measures, Lucas Stream (upper) and Oteha
Stream (lower).Note for Lucas Stream, the results for scenarios 2D and 2E are identical.
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Mitigation:

(A) Status quo contaminant controls

(C) Best practice contaminant controls with Water Sensitive Design (lower imperviousne
(E) As (C) with retrofitted stormwater treatment of historic development and vehicle sou

control

(F) As (A) with riparmmaplanting
(G) As (C) with riparian planting
(H) As (E) with riparian planting

Figure3-9:

Predicted water quality indicator scores for selected higher density urban development
scenaris employing alternative stormwater contaminant contrglwith and without riparian planting.
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However, while riparian planting has onlyranor influence on the water quality indicator score
view of Objectives Al of the NfFM (see Section 2.2.R)isrelevant to consider its influence on
indicators of stream ecosystem healffor the purposes of illustration, the following discussion
considers variations in the macroinvertebrate indicator score as a reflection of ecosystem health.
However, examples dhe scores predicted for other stream ecological indicators are given in
AppendixC

Figure3-10shows the influence of extensive riparian planting, in combination with alternéaixads

of contaminantcontrols, on predicted #nds in the macroinvertebrate indicator score for Scenario 2
(higher density, following historic development). Compared with the water quality indicator score
(Figure 3.9, riparian planting results in a more marked improvement in the macroinvertebrate
indicator score over and above the gains associated with increasing lewastaminantcontrol.

In the case of Lucas Stream, development wititus quocontaminant controlgScenario 2A) is
predicted to result in a decline in the macroinvertebrate indicagcore from a medium pre
development value of around 0.45 to a low pa&velopment value of around 0.25. Best practice
contaminant controland WSD (Scenario 2C) is predicted to almost return the macroinvertebrate
indicator score to its original levdbllowing a period of lower scores during the development phase,
while the full suite of stormwater contaminant control measures (Scenario 2E) results in a slight
improvement in the macroinvertebrate indicator score. The addition of riparian plantingiiqied

to result in an improvement in the postevelopment scores of around 0.05 when addedtatus
guostormwater treatment (Scenario 2rihcreasing taaround 0.1 when added to the full suite of
stormwater contaminant control measures (Scenario 2H).

In the case of Oteh&tream the macroinvertebrate indicator score is predicted to fall with all levels
of contaminant contral including the full suit¢Scenarios 2A, 2C and 2E). As with the water quality
indicator, thelessresponsve nature ofOteha Stram comparedvith Lucas Stream reflects the

greater difficulty of dealing with the legacy effects of the more extensive historic development in this
sub-catchment. Similarly to the pattern evident in the results for Lucas Creek, however, the addition
of riparian planting to successive levelscofitaminant controlgs predicted to result in increasingly
large improvements to the macroinvertebrate indicator scdrhe addition of riparian planting is
predicted to result in an improvement in the ped¢velopment scores of around 0.08 when added to
status quacontaminant control(Scenario 2F), increasing to around 0.13 when added to the full suite
of control measures (Scenario 2H)eHudition of riparian planting in this latter scenario is predicted
to resultin an improvement in the posievelopment macroinvertebrate score of close to 0.5,
compared with the predevelopment 0.4.

The results for both Lucas Stream and Oteha Streaggest aynergistiaather than additive
relationship between the two forms of tigjation. That is, the relative benefits of riparian planting
appear to increase as the levelantaminantcontrol increase.
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Mitigation:

(A) Status quo contaminant controls

(C) Best practice contaminant controls with Water Sensitive Design (lower imperviousne
(E) As (C) with retrofitted stormwatéreatment of historic development and vehicle source
control

(F) As (A) with riparian planting

(G) As (C) with riparian planting

(H) As (E) with riparian planting

Figure3-10: Predicted macroinvertebrate indicator scores for seted higher density urban development
scenarios employing alternative stormwater contaminant controlsith and without riparian planting.
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This section addresses the question of whether or not waterityuedn be maintained or improved
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Lucas Stream and Oteha Stream-sakchments were treated as a single combined catchment.

Scenarios for this combined catoent were developed by combining inputs to scenarios which

resulted in a decrease in the water quality indicator score in onecatithment with inputs to

scenarios which resulted in an increase in the water quality indicator sctine ither sub

catchnent. For example, the following results reflect the combination of model inputs for Scenario

5A (igher density greenfield development wigihatus quocontaminantcontrols,decrease in the

water quality indicator score) in the Lucas Stream-satthment wih those for Scenario 5Gigher

density greenfield development withigh level otontaminantcontrolsandextensive riparian

planting,increase in the water quality indicator score) in the Oteha Strearrcattdhment, andvice

versa

Figure3-11 compares the predicted water quality indicator scores for the combined catchment

under these two scenarios with the scores predicted for the individualcsithments of the Lucas

{ONBIFY YR hiGSKIF {GNBF Yo SQOREES { I2NF SHOER ld§BeNA @ RNIH b
case where there is a high level of mitigation effort in the Oteha Streantatdghment, but not in

the Lucas Stream sutatchment (upper plot), the water quality indicator score is predicted to

improve from a predevelopment value of around 0.45 to a ped¢velopment value of around 0.55.

In contrast, where there is a high level of mitigation effort in the Lucas Strearoatabment, but

not in the Oteha Stream sutatchment (lower plot), the water quality indicatecore is predicted to

fall to a postdevelopment value of around 0.15.

These differences reflect the relative influence of the two streamatbhments on the prediction

of the score for the combined catchment. The Oteha Streamcatithment is larger ahundergoes
more development than the Lucas Stream in these scendri@ny given combined scenario, model
inputs to the combined catchment are therefore influenced more bydharacteristicof the
contributing scenario in Oteha Stream than by the ciimtting scenario in Lucas Stream. As a result,
the predicted water quality score for the combined catchment is largely driven by the predicted
score for the Oteha Stream (s€eure3-11for an illustration of the way in which ¢ghcombined sub
catchment score generally tracks the score for Oteha Stream).

These results indicate that, while it may be possible to maintain or improve water quality in some

WY SN 3SQ aSyasSz: RSEALIAGS + RSOf A y&thédrgfatve2 YS £ 201
contribution of flow and contaminantsom different subcatchmentsthe spatial distribution of

development and whereany mitigation effort is focusedVhen assessing catchment water quality in
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by these terms and how and where they are measured.
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Figure3-11: Predicted water quality indicator scores for selected higher density griéeld development
scenarios: Lucas Stream, Oteha Stream and their combinedcaithment.The scenario represented in the
upper plot involvestatus quocontaminantcontrols in the Lucas Stream soatchment(5A)and a high level of
contaminantcontrols wth extensive riparian planting in the Oteha Streés). The scenario represented in

the lower plot represents the reversgtuation
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3.3.5 Summary
This section has addressed the following questions:

Howcanthe overall quality of water be maintained or impealin an urban development
context?

If stream water quality in some stdatchments is not maintained and/or improved, is it still
possible to maintain and improve water quality at the catchment scale? (on average)

The results of the case study assessmedidate that in order to maintain and improve water quality

in an urban development context, a high level of stormwater contaminant control is likely to be

required. This may involve measures over and almweentW o6 Sa & LINI Ol ke@t®eadt 3 (2 NY & |
anderosion and sediment contrpincluding WSD development approaches and retrofitting

stormwater treatment in areas of historic development. In addition, in orddveanefit fromthe

potential gains associated with lower metal loads delivered from high temsfill and WSD forms

of development, it may also be necessary to address water quality issues associated with

undeveloped rural parts of catchmenighere these exert a significant influence over catchment

water quality.

When the notion ofvater qualityis extended beyond the physical and chemical properties of water
to include ecosystem healtlepnsistent with the objectives of the NfF¥M, the results indicate that
riparian planting is likely to provide significant additional benefits, over and ab@vevditer quality
gains associated with better contaminant controls.

Theresultsalsoindicate that, while it may be possible to maintain or improve water quality in some

WY gSNF 3SQ aSyaSz: RSEALIAGS + RSOf AySthérgfatve2 YS € 201
contribution of flow and contaminantsom different subcatchmentsthe spatial distribution of

development and whereany mitigation effort is focused.

3.4 Cost Effectiveness of Mitigation

3.4.1 Introduction

This section presents and discusses illusteatesults which address the third of the four questions
posed in Section 1.2. That question is:

What are the most costffective means of maintaining and/or improving stream water quality
in an urban development contéxt

Before considering cost effegtiness, it is important to understand certain aspects of the way in
which the costing models operate, as this provide context for the interpretation of results (Section
3.42). The findingof the cost effectiveness analysiee thenillustrated with refeence to

predictions of relationships between the costs of alternative forms of mitigation and scores for the
water quality and macroinvertebrate indicators deseidbabove (Section 3.3).

3.4.2 Costs

The purpose of the development of the costing models desdrib Section 2.2.2 was to provide a
basis for reporting a relative indicator of costs in the BaSprovides discrimination between
alternative urban development scenarid&/hen comparing outcomes for alternative development
scenarios, the emphasis tsarefore on relativity between cost¥Vhere the actual cost estimates are
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described below, ishould berecognisel that these are point estimates: the DSS does not provide
any estimate of uncertainty (such as confidence limits).

While it is important to nte these cautions,ite costmodelsdo provide a basis for estimialg the
lifecycle costs of a range of urban catchment management interventions.\idreydeveloped using
relevant available costing data applied to plausible catchment management scearadiasclude

the costs of land acquisition, construction costs and maintenance castts @re reported as
discountedNet Present Value (NPV) lifecycle costs over the scenario timeframe (50 years in the
current study). For the present study discount rateof 8% per annunwasused,consistent withthe
Treasur@a RSTFWH dzf G NIF 4GS

Costs are estimated separately for: stormwater treatment; stormwater quantity control, earthworks
erosion and sediment control and riparian management. Detailed comments on the s&iemw
treatment costing models are given belpfellowing a brief summary of each of the other models

Stormwater quantity control involves the attenuation of elevated flows from impervious areas to
avoid increased rates of stream erosion. In the DSSs i@itetream erosion influence the prediction

of certain of the stream environmental indicators. In general, the greater the impervious area in a
catchment the greater the need to attenuate flows and the higher the associated cost. Stormwater
guantity contiol costs are estimated based on the costs of constructing and maintaining dry
detention ponds and are a function of the area of urban development and level of imperviousness.

The costs of earthworks erosion and sediment control are those associatedheitmplementation

of measures to prevent sediment runoff during the construction phase of development. Costs are
estimated as a function of the area undergoing development and the desired level of performance
(the sediment load reduction to be achieved).

The costs of riparian management are those associated with planting and maintaining (weeding and
replanting) areas of vegetation adjacent to rivers and streams. Costs are estimated as a function of
the stream length, proportion of thetreamlength plantedwidth of riparian zone and species mix.

The stormwater treatment costing models estimate cost as a function of imperviousness, desired
performance (contaminant load reduction) and area treated. The models also distinguish between
Ozaita 2F WKRI RFOARAZENINA@IGBENI GNBFGYSYyld odzaAy3a WSyF
2{5 F2NXa&a 2F aG2NX¥ol GSNI GNBFGYSyld odmEgare8d2 WG &2d
illustrates, the costs associated with WSD are predittdak higher than those associated with

traditional stormwater treatmentholding all other things equal. The analysis of cost data conducted

as part of the development of these models indicates that while the lifecycle costs of devices such as

ponds aredominated by acquisition costs, those of devices such as raingardens are dominated by the

costs of ongoingnaintenance(lra, 2015a2015b).These higher maintenance costs are incurred

throughout the lifespan of the devices, resulting in the lifecycle didfrential shown irFigure3-12.

However, it is important to note that thecope of the costs included in tlséormwater treatment
costing models are limited tthosedirectly associated with the treatment devices themselves.
Edimates of avoided costs are not included in this scopeere are other aspects of WSD that may

be expected tanfluencethe cost differential with traditional forms of development. For instance,
WSD may result in avoided costs associated with a redurtitire area earthworked and converted

to impervious covers and a reduction in network infrastructure (fewer or shorter pipes). While there

13 http://www.treasury.govt.nz/publications/guidance/planning/costbenefitanalysis/currentdiscountrates
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is currently insufficient information on these avoided costs to be able to take account of them in the
costingmodek (Ira,20158), it is importantto recognise thatheir absencegenerates uncertainty
whenconsideringhe relativecost effectivenessf WSD and noftVSD scenaridsased on the

outputs generated by the DSS.
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Figure3-12 Examples of costing models developed for traditional (upper plot) and WSD (lower plot) forms
of stormwater treatment. After Ira (2011;20153.

The application of low coppeand zineyielding vehicle components is also not costed, aglie to

an absence of information on the potential costs of this form of mitigation. In this, and the following
section, results for scenarios involving source control of vehicle components are therefore not
presented, since they deliver benefits (redocts in copper and zinc loads) that have not been

costed.

Another important consideration that applies more generally to the suite of costing models is that
they do not discriminate costs in terms of where they are borfiee cost estimates generated by the
DSS are not solely a direct cost to the public purse: they reflect costs that are funded by public utility
providers, councils, developers or private landowners. In terms of the likely split (S. Ira, pers. comm.,

22 Sep 2015):
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A earthworks controls and stamwater management devices are usually constructed by
developers or private landowners;
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private landowners.

The potential funding split, and gaining a better understanding of who is responsible for the ongoing
maintenance of WSD stormwater devicagg issues which still require further investigation. The

point is, however, that while the cost estimates generated by the DSS partly represent public costs,
they also include costs that will be privately incurred and passed on to consumers (house buyers)
through market mechanisms.

Influence oflanddevelopment type

Table3-1, Table3-2 andFigure 313 present the predicted total lifecycle costé mitigationunder
selected urban development scenaridde tables andfigure also showfor each scenaridghe
breakdown ofthe total costs bystormwater treatment, earthworks erosion and sediment control
(ESCG)stormwater quantity control and riparian management

Figure 314 presentsthis breakdown as a proportion (%) of the total codtfider most scenarios
costs are predicted tbe higher in the Oteha Stream swdatchment than in the Lucas Stream sub
catchment, reflecting the greater overall extent of development requiring mitieith the former
catchment. The exceptions are Scenarios 1A, 1B, 2A and 2B, in which mitigation is confined to
stormwater and earthworks controls in areas of new developmemider these scenarios the areé
new development is slightly greater in the La@&tream suzatchment than in the Oteha Stream
sub-catchment.

In the Lucas Stream swugatchment, lifecycle costs are predicted to be lowest under variants of
Scenario 3. This is the brownfields development scenario, involving the smallest development
footprint in the Lucas Stream swdatchment. In contrast, because it is the location for most of the
brownfields development, the Oteha Stream stdichment is predicted to incur relatively high
mitigation costs under Scenario 3. It incurs lower costs undeams of Scenario (low density
greenfield developmentollowing historic development).

For any given mitigation scenario, lifecycle costs in bothcailbhments are predicted to be highest
under Scenario 4 (compare, for instance, Scenarios 1C, 28; 2@d 5C or Scenarios 1G, 2G, 3G, 4G
and 5G irFigure313). This reflects the fact that under Scenarios 1, 2 and 3 thecatdhhments are
already partially developed (and partially mitigated) as a result of the histovieldgment. In

contrast, Scenarios 4 and 5 solely involve greenfield development and any mitigation applies to the
full extent of the development footprint. The costs associated with Scenario 4 are greater than those
associated with Scenario 5 because therfer involves lower density development and

consequently has a larger development footprint.
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Table3-1:  Predictedlifecyclecosts ($ millionspf mitigation for selected urban development scenarios,
LucasStream subkcatchment.Costs areestimated over 56years using a discount rate of 8%.

Scenario Stormwater Earthworks ESC ~ Stormwater Riparian TOTAL
Treatment Quantity Control Management
No development 0.4 0.0 0.4 0.0 0.8
1A 11.0 10.0 3.4 0.0 24.4
1B 30.7 10.2 3.4 0.0 44.3
1C 36.1 55 21 0.0 43.6
1F 11.0 10.0 3.3 7.8 32.1
1G 36.1 55 21 7.8 51.4
2A 7.2 5.6 2.3 0.0 15.0
2B 19.2 5.7 2.3 0.0 27.3
2C 32.8 6.9 1.9 0.0 41.6
2D 46.8 6.9 2.2 0.0 55.9
2F 7.2 5.6 2.3 7.8 22.8
2G 32.8 6.9 1.9 7.8 49.4
2H 46.8 6.9 2.2 7.8 63.7
3A 3.3 2.3 1.1 0.0 6.8
3B 8.4 2.3 1.2 0.0 11.9
3C 18.1 2.6 1.1 0.0 21.8
3D 35.8 2.6 1.4 0.0 39.8
3F 3.3 2.3 1.1 7.8 14.6
3G 18.1 2.6 1.1 7.8 29.6
3H 35.8 2.6 1.4 7.8 47.6
4A 24.2 22.8 6.9 0.0 53.9
4B 69.1 23.2 7.2 0.0 99.5
4C 83.6 14.0 4.3 0.0 101.9
4F 24.2 22.8 6.9 14.5 68.4
4G 83.6 14.0 4.3 14.5 116.4
4H 83.6 14.0 4.3 14.5 116.4
5A 14.2 11.9 4.1 0.0 30.2
5B 39.6 12.1 4.3 0.0 56.0
5C 72.4 12.1 3.8 0.0 88.3
5F 14.2 11.9 4.1 14.5 44.7
5G 72.4 12.1 3.8 14.5 102.8
5H 724 12.1 3.8 14.5 102.8
Land development (1) Historic + low density (4) Greenfield low density
(2) Historict high density (5) Greenfield high density
(3) Historic + brownfield
Mitigation: (A) Status quo contaminant controls (F) As (A) with riparian planting
(B) Best practice contaminant controls (G) As (C) with riparian planting
(C)As (B) with WateBensitive Design (H) As (D) with riparian planting

(lower imperviousness)
(D) As (C) with retrofitted stormwater
treatment of historic development
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Table3-2:  Predicted lifecycle costs ($ millions) of mitigatidar selected urban development scenarios,
Oteha Stream sulzatchment.Costs areestimated over 5§ears using discount rate of 8%.

Scenario Stormwater Earthworks ESC Stormwater Riparian TOTAL
Treatment Quantity Control Management
No development 1.1 0.0 1.0 0.0 2.1
1A 4.8 55 3.1 0.0 13.4
1B 22.7 5.7 3.1 0.0 31.5
1C 36.0 4.2 2.5 0.0 42.7
1F 4.8 55 3.0 17.3 30.6
1G 36.0 4.2 25 17.3 60.0
2A 4.0 3.8 25 0.0 10.3
2B 17.2 4.0 2.6 0.0 23.7
2C 31.8 7.4 2.3 0.0 41.4
2D 80.2 7.4 3.2 0.0 90.7
2F 4.0 3.8 2.5 17.3 27.7
2G 31.8 7.4 2.3 17.3 58.8
2H 80.2 7.4 3.2 17.3 108.1
3A 3.2 7.4 2.0 0.0 12.7
3B 13.3 7.7 2.4 0.0 23.4
3C 30.7 10.0 2.2 0.0 42.9
3D 69.6 10.0 3.1 0.0 82.7
3F 3.2 7.4 2.0 17.3 30.0
3G 30.7 10.0 2.2 17.3 60.3
3H 69.6 10.0 31 17.3 100.1
4A 38.1 27.5 11.0 0.0 76.6
4B 107.8 28.7 11.4 0.0 147.8
4C 160.8 20.8 8.0 0.0 189.6
4F 38.1 27.5 11.0 17.3 94.0
4G 160.8 20.8 8.0 17.3 207.0
4H 160.8 20.8 8.0 17.3 207.0
5A 26.6 18.1 7.7 0.0 52.5
5B 74.1 18.9 8.0 0.0 101.0
5C 146.3 18.9 7.3 0.0 172.5
5F 26.6 18.1 7.7 17.3 69.8
5G 146.3 18.9 7.3 17.3 189.9
5H 146.3 18.9 7.3 17.3 189.9
Land development (1) Historic + low density (4) Greenfield low density
(2) Historic + high duesity (5) Greenfield high density
(3) Historic + brownfield
Mitigation: (A) Status quo contaminant controls (F) As (A) with riparian planting
(B) Best practice contaminant controls (G) As (C) with riparian planting
(C)As (B) with Water Sensitii@esign (H) As (D) with riparian planting

(lower imperviousness)
(D) As (C) with retrofitted stormwater
treatment of historic development
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Mitigation: (A) Status quo contaminant controls (F) As (A) with riparian planting
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Figure3-13 Predicted lifecycle costs of stormwater treatment, earthworks erosion and sediment control
(ESC), stormwater quantity control and riparian management under selected urban development sosna
Lucas Stream subatchment (upper) and Oteha Stream swlatchment (lower).Costs areestimated over 50
years using a discount rate of 8%D = no development.
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Figure3-14: Proportion of predicted total lifecycle costs incurred by stormwater treatment, earthworks
erosion and sediment control (ESC), stormwater quantity control and riparian management under selected
urban development scenariod,ucas Stream subatchment (upper) and Oteha Staen subcatchment

(lower). ND = no development.
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Influence ofmitigation

For each land development scenario, costs increase with addition of increasingoies@htaminant

control (compare, for instance, Scenarios 2A, 2B, 2C and 2D or Scenarios 5A568riigure3

13.Ly 3ISYSNIft O2aita aaz20AlFliSR gA0K WwWoSad LINIOGAO
O{OSYINRA2a /0O FNB LINBRAOGSR G2 06S YIFINJSRfe& KAITKS
contaminantcontrolsandnme?2 { 5 RS @St 2LIYSydiQ 6{OSyIFINA2a .03 Aff
about the higher costs of WSD when considering stormwater treatment on its own.

In Scearios involvingstatus qudevels of stormwater and earthworks controls (Scenarios A), these
two componentseachmake up approximately third to a haliof the total lifecycle costs (sdegure
3-14).However, with the addition of increasing levels of contaminant controls, stormwater
treatment costs are predicted to make up antreasingly significant part of the total costs. In
scenarios involving best practice treatment, WSD and retrofitting of treatment to areas of historic
development(Scenarios C and Bjormwatertreatmentis predicted toaccount for around0-90%

of the total lifecycle costsThe remaining approximated-30% of costs in these scenarios comprises
the costs of earthworks erosion and sediment control and stormwater quantity control.

The same pattern of increasing costs can be seen in Scenarios involvimgriplanting (compare,

for instance, Scenarios 2F, 2G and 2H or Scenarios 5F, 5G arfiditdéB13). These increases are
driven purely by the differences in the contaminant management costs in these scenarios, with the
extent of riparian planting (andence costs) being held constant. However, while the costs of
riparian planting are constar these scenarigghe proportion of the total lifecycle costs accounted
for by riparian planting varigseeFigure 314). Riparian planting costs make up a dezgroportion

of the total lifecycle costs in scenarios involvetgtus qudevels of contaminant control than in
scenarios involving higher levels of contaminant control. Under the brownfields development
scenario (Scenario 3), for instance, ripariaanting makes upver 5®%6 of total lifecycle costs in both
sub-catchments withstatus qudevels of contaminant control (3F), compared withs thar20% of
total lifecycle costs with higher levels of contaminant control (3H).

3.4.3 Cost Effectiveness

Figure3-15andFigure3-16 show therelationships betweenthe costs of mitigation and the change in
the water quality and macroinvertebratedicatorscores, respective)yor scenarios which result in
an improvemat relative to the predevelopment scoreéin 2010) In these figures, scenarios are
groupedinto:

A GK2aS SYLX 28Ay3 WKAIKSNI f SOSt aQ 2swmusO2y il YA
guolevels, in the absence of riparian planting;

A those employing ripaain planting, in the absence of higher levels of contaminant
management; and

A those employing both higher levels of contaminant mitigation and riparian planting.

Results for Scenarios 1, 2 and 3 are also distinguished from those for Scenarios # evadobth

noting that the 2010 indicator scores against which changes in water quality are assessed differ for
Scenarios 1, 2 and 3 compared with Scenarios 4 and 5, reflecting the legacy effects of historic
development in the former group of scenarios.
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Figure3-15. Relationship between the costs of mitigation and the change in the water quality indicator

scorefor scenarios which result in an improvement relative to the pdevelopment scorelLuca Stream
(upper) and Oteha Stream (lowerfosts arestimated over 5§/ears using a discount rate of 88grows

indicateexamplegeferred to in the text
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Figure3-16. Relationship between thecosts of mitigation and the change in th@acroinvertebratequality
indicator scorefor scenarios which result in an improvement relative to the pdevelopment scoreLucas
Stream (upper) and Oteha Stream (lowef}osts arestimated over 56/ears using discount rate of 8%.

Arrows indicateexamples referred to in the text
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Range of Costs

Thetotal lifecycle costs of scenarios that deliver improvements in the water queatitly
macroinvertebrateindicator scorgin both the Lucas Stream and Oteha Stream-satchments vary
between $452M** and $323.4M?%, when estimated over 50 years using an 8% discount fatese
figuresare equivalent to costs of $3,88%nd$19,687’, respectively, per new dwellinfhe costs at
the lower end of the range are associatedwpartial brownfields redevelopment while those at the
upper end are associated with full, lesensity greenfield development (i.e. assuming no historic
development).

Water Quality Indicator Score Cost Effectiveness of Mitigation

Based on the water ality indicator score, scenarios employing solely high levels of contaminant
mitigation measures are generally predicted to be the most cost effective, delivering a given
improvement in the score for the lowest lifecycle cdsiglure3-15, examples indicated by black
arrows). Noting (from Section 3.4.2) that there may also be certain avoided costs in scenarios
involving WSD that are not taken into account here, the -effgctiveness of some of these
contaminant mitigation scenarfomay be underepresented.

While scenarios involving both high levels of contaminant mitigation and riparian planting also
deliver improvements in the water quality indicator score, these generally have higher associated
costs for a given change in scof®r example, in the Lucas Stream salichment an improvement

in the water quality score of just over 0.1 is delivered by contaminant mitigation scenarios with costs
in the range 40-42M, compared with scenarios employing contaminant mitigation and rguari

planting at a cost of 48-49M. In the case of Lucas Stream, scenarios that solely involving riparian
planting are not cost effective because they fail to deliver on the objective of maintaining or
improving water quality (hence, they do not appeafFigure3-15).

In contrast, some scenarios involving riparian planting do result in an improvement in the predicted
water quality indicator score in the Oteha Stredriglure3-15, examples indicated by reatrows).
However, while these scenarios are relatively doost (£28-31M), there are even lowecost

scenarios (costing in the rang2324M) involving contaminant mitigation that deliver greater
improvements in the water quality indicator score.

Macroinvertebrate Indicator Score, Cost Effectiveness of Mitigation

The cost effectiveness results based on the macroinvertebrate indicator score provide a number of
contrasts with the results described above, although it is again important to recognise thaistse ¢

of some of the contaminant mitigation scenarios do not reflect potential avoided costs associated
with WSD. In the case of Lucas Stream, scenarios employing both high levels of contaminant
mitigation and riparian planting are predicted to be the mosst effective, delivering a given
improvement in the score for the lowest lifecycle cdsigluire3-16, examples indicated by black
arrows). While scenarios involving solely higher levels of contaminant mitigation also deliver an

1 This is the combined cost of the least costly scenarios that deliver improvements in the water quality and maetmiateemdex scores
in Lucas Stream setatchment (3C: $21.8M) and Oteha Stream-satchment (3B: $23.4M), respectively.

15This is the combined cost of the most costly scenarios that deliver improvements in the water quality and macroinvemelesate i
scores in Lucas Stream saohtchment (4G/4H: $116.4M) and Oteha Stream-satthment (4G/4H: $207.0M), respectively.

6 Under Scenario 3, the total number of new dwellings modelled was 11,634, made up of 1,921 in Lucas Stestchsunt and 9,713
in OtehaStream sukcatchment.

17Under Scenarios 4 and 5 the total number of new dwellings modelled was 16,427, made up of 7,455 in Lucas Stearhnsaht and
8,972 in Oteha Stream stdatchment.
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improved macroinvertebrate indicator score, these have higher associated costs for a given change in
score. For example, an improvement in the macroinvertebrate score of over 0.1 is delivered by a
scenario employing contaminant mitigation and riparian pilagy at a cost of 88M, compared with a

cost of $6M for a contaminant mitigation scenario. Scenarios that solely involve riparian planting

are not cost effective because they fail to deliver on the objective of maintaining or improving water
quality (hene, they do not appear ifigure3-16).

In contrast, in the case of Oteha Stream, some scenarios that solely involve riparian planting-are cost
effective but only for the delivery of a very modest improvement in the macroinvertebnalicator

score (improvement of around 0.1 for costs @B81M: Figure3-15, examples indicated by red
arrows).Some scenarios involving solely contaminant mitigation result in moderate improvements in
the macroinvertebrate sare of around 0.2but these have relatively high associated costs of $82

90M. The most marked improvements in the macroinvertebrate s¢oirever0.3: Figure3-15,

examples indicated by black arrows) are delivered by scenamgdoging both high levels of

contaminant mitigation and riparian planting. Thes@ scoringscenarios have costs in the range
$100-108M, of which $18M are the costs associated with the riparian management that drives the
addedimprovement inthe score

Influence of PreDevelopment Conditions

Figure3-15andFigure3-16 also provide for a comparison of the caxffectiveness of mitigation in
relation to differences in the prdevelopment conditions. In ltb figures, points representing

variants of Scenarios 4 and 5 (open circles) tend to plot to the right of points representing variants of
Scenarios 1, 2 and 3 (solid circles). This reflects the fact that it is generally more costly to mitigate the
effectsof the more extensive development involved in Scenarios 4 and 5 than to mitigate the effects
of partial development involved in Scenarios 1, 2 andds.example, mitigation costs in the Oteha
Stream sukcatchmentare estimated to be up to $27 million uncer full greenfield development
scenarios, compared with a maximum of8million under partial development scenaridghis

suggests that, from the point of view of achieving the objectives of the WP, Surther development

of catchments which are alreaghartly developed (and which already contain some level of

mitigation) may be more cosdffective than attempting to mitigate the effects of development in
greenfield catchments.

Cost Effectiveness Relationtoan?h @S NI £ £t Q LYLINRGBSYSydG Ay 2 G§SNI v d

Afinal point on the cost effectiveness results is that they should not be used to assess which sub
OF GOKYSyiG Aa tA1Ste (G2 NBLINBaSyid GKS o6Sad wol y3
contribution of each s | G4 OK Y Sy i { 2 qualig i BedatEhinedit ag & wh&AeNWhile
mitigation in Lucas Streais on averagéower cost than that in Oteha Stredfnthe results

presented in Section 3.3.4 indicate that mitigation would need to occur in the lattecatdhment

in order to deliver a the objectives of the NPEM at the catchment scale. Using the scenarios
presented in Section 3.3.4 as an examplhle3-3 shows the costs of different combinations of
mitigation in the two sukcatchments along with the wateuality outcomes achieved. It can be seen
that a high level of mitigation (Scenario 5G) is required in the Oteha Streacasthiment in order

to improve the overall water quality score for the combined catchment. The mosteffesttive way

of achieving his overall improvement is tadoptstatus qudevels of mitigation in the Lucas Stream

18 Mean mitigation costs in scenarios which maintain or imprdwewater quality indicator score are $71 million and $90 million for Lucas
Stream and Oteha Stream, respectively. Mean mitigation costs for scenarios which maintain or improve the macroinvertibedoe in
score are $70 million and $95 million in Lucae&@n and Oteha Stream, respectively.
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sub-catchment, while recognising that this results in a localised deterioration in water quality in that
sub-catchment.

Table3-3:  Predicted lifecycle costs of mitigation and change in water quality under combinations of
Scenarios 5A and 5G in Lucas Stream and Otehacstthments and their combined catchmenosts are
estimated over 5@/ears using a discount rate of 8%.

Lifecycle Cost ($ ithions) Change in WQ score
Scenario Lucas Oteha Combined Lucas Oteha Combined
Stream Stream catchment  Stream Stream  catchment
Lucas 5G + Oteha 5A 102.8 525 155.3 +ve -ve -ve

(High density greenfield withigh
level of mitigation in Lucaand
status quomitigation in Oteha)

Lucas 5A + Oteha 5G 30.2 189.9 220.1 -ve +ve +ve

(High density greenfield withigh
level of mitigation in Otehand
status quomitigationin Lucas)

Lucas 5G + Oteha 5G 102.8 189.9 292.7 +ve +ve +ve

(High density greenfield withigh
level ofmitigation in both)

The lowest cost associated with achieving an overall catchment water quality improvement is the
same as the lowest cost for achieving an improvement in both Lucas Stream and Oteha Stream, being
the $45.2Massociated with brownfields partial development scendrfiothe highest cost for

achieving an overaflatchment water qualitymprovement, while accepting a water quality decline

and minimising costs in Lucas Stream-satthment, is $237.3M. This compees with the maximum

cost associated with delivering an improvemenbath sub-catchments of $323.4M.

3.4.4 Summary
This section has addressed the following question:

What are the most costffective means of maintaining and/or improving stream water quality
in an urban development contéxt

The results of the case study assessment indicate that high levels of contaminant management are
the most cost effective mitigation when considering water quality based purely on its physical and
chemical properties. Howev, when the notion of ater quality is extended to include ecosystem
health, the results indicate that riparian planting, in combination with high levels of contaminant
managementjs generalljthe most cost effectivéorm of mitigation. It is also impaiant to note that

there may also be certain avoided costs associated with WSD that have not been taken into account
in this study such that the coséffectiveness of these scenarios may be unrdgaresented.

The results also suggest that, from the poihvw of achievingn overall improvement in water
quality, mitigation focusedn the most influential suizatchments may be more cesffective than
catchmentwide mitigation. In additionfurther development of catchments which are already partly

9This is the combined cost of the most costly full development scenario in Oteha Streazatshiment that delivers an overall
improvement in the water quality index score (4G/H: $207.1M) and the least costly fidlafament scenario in Lucas Stream sub
catchment (5A: $30.2M).
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develped (and which already contain some level of mitigation) may be moreetfesitive than
attempting to mitigate the effects of development in greenfield catchments.

3.5 Estuame EnvironmentalQuality

3.5.1 Introduction

This section presents and discusses illusteatesults which address the final of the four questions
posdal in Section 1.2. That questi@s

While theNPSFMonly applies to freshwater, what are the impacts of different urban
development scenarios and mitigation strategies on estuaries?

The finding are illustrated with reference to predictions of sediment concentrations of zint¢rend
BenthicHealth Index (BHI)a measure of thecologicahealth of benthic macroinvertebrate
communities

3.5.2 Influence of Development Type

Figure 317 showsmodelledtrends in concentrations of zinc ihe bed sediments of the Lucas Creek
estuary over the study timeframe, including those associated with the historic period prior to 2010.
Trends are plotted for each of the land use change scenarios, assataing qudevels of

contaminant controlgScenarios A). The figure also shows the Threshold Effects Level ZAEhg

kgh) and Probable Effectsvel(PEL271 mg kg) concentrations of zinc (MacDonald, 1996). These
are widely used sediment quality guideline valdesived fromeco-toxicological studies which

indicate concentrations above which effects are considered possible (the TEL) and likely (the PEL).

Observed inc concentrations following the historic development of the catchment are already
around the TE[Green et al., 2004and, even without any further urban development, the PEL is

predicted to be exceeded before 2040.K A & NBLINBaSyida | WwWatARAy3 ol

changes in sediment quality modelled under the various development scenariokidi®massessed.

Under Scenarios 1, 2 andzBic concentrationsire predicted taise more steeply than with no
development exceeding the PEL between 2030 and 2@3%l reaching concentrations of
approximately 406630 mg kgby 2060 Under Scenarios 4 arig sediment zinc concentrations at
2010 arepredicted to bewell below the TEL, reflecting the lack of historic development iaghe
ScenariosHoweverwith the subsequentlevelopmentof the catchmentoncentrations are
predicted to rise relatively stedy exceeding the PEL by around 20&3d reaching concentrations
of approximately 3780 mg kgby 2060
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diment 2|

Land development (1) Historic + low density
(2) Hstoric + high density
(3) Historic + brownfield

(4) Greenfield low density
(5) Greenfield high density

Figure3-17: Predicted sediment zinc concentrations under selected urban development scenaritis
status quocontaminant controls Lucas Creek estuary.

In each of the two groups of Scenarios (1, 2 and 3; and 4 and 5), higher sediment zinc concentrations
are associated with low density forms of development than high density forhis.reflectshe fact

that the former scenarios are predicted to result in the highest metal loads, because of their

relatively large urban footprint, and the lowest sediment loads, because of their relatively small rural
footprint.

The lowessediment zinconcentratbns in scenarios following on from the historic development of
the catchment are associated with brownfields development. These differences reflect the relative
size of the development footprint in each scenario and, in the case of the brownfields s¢ehario
replacement of higher zingielding industrial land use with lower zigielding residential land use.

Figure 318 shows corresponding trends in the predicted Bethire The BHI is reported on a scale of

1 (healthy) to Hseverely degraded). Reflecting the predicted elevation of sediment zinc (and copper)
concentrations to levels well in excess of the PEL, thes@iiéis predicted to change from a
NEFazylofeé KSIFHfdKeé WHQ (2 | & SakteNdidsas webas NEthR SR
no further development).
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Land development (1) Historic + low density (4) Greenfield low density
(2) Historic + high density (5) Greenfield high density
(3) Historic + brownfield

Figure3-18 Predicted BHI scores under selected urban development scenawits status quocontaminant
controls, Lucas Creek estuary.

3.5.3 Influene of Mitigation

Figure 319 shows the influence of alternativ@ntaminantcontrols on predicted trends in sediment
zinc concentrations for Scenario 2 (higher density, following historic development) and Scenario 4
(low densty greenfields development).he rate of increase irincconcentrationds predicted to fall
markedly with best practice levels of stormwater treatme&tdnarios B)Sedimentzinc
concentrations in 206@are predicted to be approximateB5% lower in Sceaario 2B anchearly 6@%6
lower in Scenario 4B than in the corresponding scenarios invataigs quocontaminant controls
(&enarios A). Further incremental reductianghe rate of increasare predicted for scenarios
which add in WSD (C), retrofittind stormwater treatment to areas of historic development (D) and
the use of low metayielding vehicle components (E).the case of Scenario 2, these additional
contaminant controls are predicted to result in zinc concentrations remaining below the PEL
(Senarios 2D and 2E). In the case of Scenario 4, in which sediment zinc concentrations are not
affected by historic development, zinc concentrations are predicted to remain below the TEL
(Scenarios 4C anrtb).
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Table0-1:  Summary ofland use change and mitigation in each of theban development scenarios assess€BSC = erosion and sediment conjtrol
Scenario| Number of Dwellings Land Use at Form of Development Scenario Mitigation
Start Variant
Start End
% 5 e | & |2
go |22 | 8. | 525 ¢ |2
S W €5 | =9 SOE © c 2
£ o = O o 2 s £ 8 =2 oE
s5 28| 52|58¢ 3 52
8 e o 3 o8 2729 25| Sc
5 | 22 | 25 | 829 57| o
n = TS L o 2 8= 8 = ®
23 | E8 | 2E|SE9 o G2
C = Q = o= = =9 o o =
o” | g% |2 | 887 2 |
o0 2
1 As of AC Actual as of | Lowdensity greenfield development: A X
2010 projected 2010 all new housing tdow densities on B X
for 2051 undeveloped land. c X X
F X X
G X X X
2 As of AC Actual as of | Higher density development: mix of A X
2010 projected 2010 greenfield land and infill in existing B X
for 2051 residential areas. c X X
D X X X
E X X X X
F X X
G X X X
H X X X X X
3 As of AC Actual as of | Brownfield development: higher A X
2010 projected 2010 density residential development B X
for 2051 replacing aeas of existing industrial c X X
development D X X X
E X X X X
F X X
G X X X
H X X X X X
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Scenario| Number of Dwellings Land Use at Form of Development Scenario Mitigation
Start Variant
Start End
718 |as]® |2
go |28 | 2. | c:5 & | &
S W €5 | =9 SOE © c 2
Ec | £0 | §2 | =Eg & 2
S S o8 g_ a 3 83 © o i &
ge | 25 | 82 | 8= 2| 22
5 O 3 o o S50 2 ® g
= = > @ QRO 5 o=
0w = Q 4= [CERY = = o = @
5 @ © 8 T c E 2 o n o
S | 2= | o= | 2EQ & &=
7y g3 | 2 g2l 3 =
3 "8 |0
4 As of AC Undeveloped | Low dengy greenfield development: A X
1960 projected rural (based | projected dwelling numbers B X
for 2051 on 1963 land | accommodated by low density forms c X X
cover) of development. E X X X
F X X
G X X X
H X X X X
5 As of AC Undewloped | Higher density greenfield A X
1960 projected rural (based | development: projected dwelling B X
for 2051 on 1963 land | numbers accommodated by higher c X X
cover) density forms of development. E X X X X
F X X
G X X X
H X X X X X
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Table0-2:  Land use breakdown for each scenario, pesnd postdevelopment (continued on next page)
Scenario(s) Study Area Lucas Stream sub Oteha Stream sub
(and Yeay catchment catchment

1, 2 and Jore- o VEEE 1%

development
(2010)

13%

1 post
development
(2060)

35

1%

1%

5%

13%

2 post
development
(2060)

0%

3% J8%

3 post
development
(2060)

13%

| Pasture
Low density residential
m High density residential

& Industrial

® Native Forest

® Medium density residential

® Commercial

= Major roads
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Scenario(s) Study Area Lucas Stream sub Oteha Stream sh-
(and Yeay catchment catchment

4 and Spre-
development
(2010)

11%

EE

" 0%

89%

4 post i R

development
(2060)

62%

5 post
development
(2060)

Pasture ® Native Forest

Low density residential ® Medium density residential
m High density residential ® Commercial
& Industrial = Major roads
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Appendix C Other Stream Environmental Indicators

This sectiomprovidesadditionalillustrative examplsof results for contrasting urban development
scenarios, based on scores predicted for the stream hydrology, habitat, fish and aquatic plants
indicators.

Influence of Water Sensitive Design on Hydrology Indicator

As well as reducing loads of contaminafggction 3.2.3), another aim of WSD is to maintain (or
restore) stream hydrological regimes closer to their natural characteristics. This involves maintaining
base flows and minimising any increase in flood peak flows, volumes, and frecageasyto limiany
increase in stream erosioifhe stream hydrology indicator score provides a measutieeoéxtent to
whichthe hydrological regime is predicted to deviate from its natural characteristics atatver
scoreindicating a greatedeviation.

Figure @1 shows the influence of WSD on the stream hydrology indicator §&menarios 2C and

4C) when compared with scores for scenarios that do not involve {(888narios 2A and 4A)nder
Scenario 4C, which involves applicatioM@D to the full development area, the hydrology indicator
score igredicted to remain aa relatively high level while still declining from the glevelopment
score In contrastthe predicted score under Scenario 2C is only slightly higher thasctne under
ScenaridA, because WSD does not apphateas of historical developmeirt these scenarios.

Influence of Mitigation on Habitat, Fish and Aquatic Plants Indicators

Section 3.3.3 describes the influence of contaminant mitigation and ripariatiqdaon scores for

the water quality indicator and macroinvertebrate indicators. Contaminant manageimshbwn to
haveamarked influence on the stream water quality indicator score, while the addition of riparian
planting provide only marginal additioal benefit. However, riparian managemeatshown toexert

a greaterinfluence on stream ecological health, through more significant improvements to the
macroinvertebrate scorewhen compared witlscores associated wittbntaminant management
alone.

Thesesame patterns are evident in the results for other indicators of ecosystem hétadtbe

relating to stream habitatpative fish and aquatic planté higher score for thse respective

indicators is indicative dfetter instream habitat conditions, condlins which favoudiversity and
abundance of native fish (and fewer pest species) and lower likelihood of proliferations of aquatic
macrophytes or periphyton.

Habitat

In the case of the Lucas Stream, different levels of contaminant management are pradibace
virtually no influence on the habitat indicator scorBigure0-2: Scenarios 2A, 2C and 2E). However,

in the Oteha Stream, the habitat scorehigherunder Scenarios 2C and 2E than ZAis is becaes

these scenarios include WSD. The B&pts the assumption there will be less stream modification

(for instance channelizatiorand lining) where development follows WSD principleshé case of

the OtehaStream, thdesserextent of streanmodification under Scenarios 2C and 2E results in an
improvedhabitat score This idecausan nonWSD scenariog much greater proportion of the

stream network is assumed to be modified than is the das¢he Lucas Streanin both sub

catchments the addition ofiparian planting is predicted to result in an improvement in the habitat
indicator score, irrespective of the contaminant management employed (Scenarios 2F, 2G and 2H).
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Native Fish

In general, increasing levels of contaminant management are predictezstdt in successive
improvements in the native fish indicator scofgdure 63: Scenarios 2A, 2C and)ZEhe addition of
riparian planting is predicted to result in further improvements in the native fish indicator scae, ov
and above those associated with contaminant management (Scenarios 2F, 2G and 2H).

Aquatic Plants

Increasing levels of contaminant managemarg predicted to have no influence on the aquatic
plants indicator scord-igure0-4 therefore only compares the predicted scores for a scenario
involvingstatus quocontaminant controls (2A) with the scores for the same level of contaminant
management but with the addition of riparian planting (2F). There are two points at which the sco
improves. Firstly, the scores improve during the period of historic development, reflecting a
reduction in the area of pasture and a predicted reduction in the associated nutrient inputs.
Secondly, under Scenario 2F the addition of riparian plantingesiakurther improvement to the
score, reflecting the effect of stream shading.
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Oteha Strean

Land development (2) Historic thighdensity (4) Greenfield low density

Mitigation: (A) Status quo contaminant controls

imperviousness)

(C) Best practice contaminant contrelith Water Sensitive Design (lower

FigureO-1: Predicted hydrology indicator scores for selected urban development scenarios with and

without WSD, Lucas Stream (upper) and Oteha Stream (lower).
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Mitigation:  (A) Status quo contaminant controls
(C) Best practice contaminant controls with Water Sensitive Design (lower imperegs)s
(E) As (C) with retrofitted stormwater treatment of historic development and vehicle sou
control
(F) As (A) with riparian planting
(G) As (C) with riparian planting
(H) As (E) with riparian planting

Figure0-2:  Predicted habitat indicator scores for selected urban development scenarios employing
alternative stormwater contaminant catrols, Lucas Stream (upper) and Oteha Stream (lower).
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