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ABBREVIATIONS AND NOTATION

ACTEW: Australian Capital Territory Electricity and Wat€orporation is a government
owned company which owns the water and wastewatsta and business in the ACT, and is a
50% owner of ActewAGL.

ActewAGL: a utility joint venture of ACTEW and Australian Gaigght Company, supplying
electricity, natural gas, water and wastewaterisesvto the ACT.

ACTPLA: Australian Capital Territory Planning and Land Aantity.

ASR: Aquifer storage and recovery or managed aquifgiarge (see below) using one well or
well field for both injection and recovery.

ASTR: aquifer storage, transfer and recovery or managgifer recharge (see below) using
one well or well field for injection and another Nver well field for recovery. It allows
simultaneous injection and extraction.

DMCE: deliberative multi-criteria evaluation is a decisiaiding process combining multi-
criteria evaluation with deliberation and stakeleolohteraction (Citizens’ Jury)

Hydrogeological province: area of soil/rock formation with similar groundwattstribution
and movement characteristics. The province is a(lege-scale) determinant of the potential
aquifer injection and extraction rates.

Levelised cost:the unit cost of an item (in this case $ /kL) amdefined as the present value

of costs (capital, operational, maintenance andacement) divided by the present value of

units supplied. The denominator is discounted amghme manner as the numerator to reflect
the present value of revenue flows. Levelised tstefore represents an estimation of the
price required, in present day terms, to recoupsomeer the analysis period.

MAR: managed aquifer recharge or the storage of waitguifers for later recovery and use.

MCE: multi-criteria evaluation is a decision-making lté@ assess performance of a proposal
against multiple objectives such as triple bottare reporting.

Net present value / present valuetotal present value of a time series of a casi fio the
difference between the present value of cash irfflamd the present value of cash outflows.

Reclaimed water:treated wastewater reclaimed from waste streamefase.

Sewer mining: local treatment and re-use of wastewater direanfsgwer mains (within a
sewershed) before reaching a regional wastewa&atntent plant.

Sportsground aquifers: small-scale aquifers in coarse gravelly materigutarly found
beneath sportsgrounds, originally formed due towagering but with potential for stormwater
storage.
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TaMS: Australian Capital Territory Department of Territand Municipal Services.

TBL: triple bottom line or the implication of a propbsaeconomic, social and environmental
dimensions.

Volumetric reliability: reliability of supply in terms of the ratio of vahe supplied to volume
demanded over a period of time. This is usuallyased planning objective.

WSUD: water-sensitive urban design or integration ofaarlwater cycle management into

urban planning and design. A key element of WSUIh@&agement of stormwater both as a
resource and to protect receiving water environsient
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EXECUTIVE SUMMARY

Context and Purpose

The ACT Government is committed to sustainable mnvater management in Canberra. The
Government aims to reduce demand on the mains wapgdy by 12% by 2013 and by 25% by
2023. This study has examined stormwater harvestomgirrigation purposes in urban
Canberra; as well as reducing demand on the povediler supply, stormwater harvesting has
the potential to provide stormwater quality impnments, flood mitigation, urban habitat for
native birds and wildlife, and improve aesthetiod aecreation value of urban parks.

The aim of the study is to identify stormwater lesting opportunities that collectively have
the potential to save 3 GL per year of potable whie Canberra, to assess financial cost of
preferred harvesting options and to identify soa@teptance, ecological impacts, stakeholder
views and potential risks of stormwater harvestinGanberra.

Research & Method

The criterion of least financial cost was useddentify the preferred harvesting schemes. To
determine which type of scheme was of the least, @sange of stormwater harvesting
scenarios was developed:

e Scenario A: Stand-alone stormwater ponds

» Scenario B: Stormwater ponds with Aquifer Storage Recharge (ASR)

e Scenario C: Stormwater ponds with Aquifer Storagen$fer and Recharge (ASTR)
* Scenario D: Ponds with stormwater and reclaime&@matiow

» Scenario E: Ponds with ASTR and stormwater anchireeld water inflow.

These scenarios were developed into a generic rahdg/pothetical options by varying
inflows, volumetric reliabilities, demands and distes and heights between demand and

supply.

Infrastructure requirements for collection, storageatment and distribution of stormwater for
each option were determined using appropriate hydical, storage-behaviour and hydraulic
analyses. The pond volume of each option was opgichso it was the minimum required to
meet the specified volumetric reliability. Eachtbé& options was then costed in present value
(PV) terms and converted to cost per kilolitre gsthe levelised cost method. This allowed
direct comparison between options and providednaication of which style of harvesting
scheme, for a variety of circumstances, was likelge cheapest.

The next task was to move from hypothetical optittnseal options and determine which ‘real
world' supply—-demand options were likely to be glesst. New stormwater ponds, existing
lakes and ponds, and ASTR were considered in tal/sis. Sewer mining was not included at
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this stage because any substantive sewer miningnipig should be coordinated with
ActewAGL'’s strategy for recycled water schemes éWAGL, 2008), which is beyond the
scope of the study. ASR was also not further camsiti, because ASTR outperformed ASR in
all options. (Note: this is partly due to the braagsumptions in the modelling and costing;
those undertaking detailed design should also dené&iSR).

Using the knowledge gained from the stand alon@ g8cenario A) and pond-ASTR (Scenario

C) hypothetical options, a database containing @3ly and 312 demand options (which

translates to tens of thousands of potential swol@gnand options) was interrogated. Those
options (~1000) most closely matching the cheapépws in Scenario A and Scenario C were
identified.

Each of these options was then designed for lezstt Each option was modelled with data
specific to that option (rather than generaliseith d@a used for the hypothetical options) such as
catchment area, fraction impervious, and distamteden supply and demand.

A range of options for existing lakes and pondsenapdelled and costed. As the lakes already
exist, there was no need to optimise volume fostleast for each supply—demand option.
Instead, a range of supply—demand options were hedd@nd costed based directly on existing
supplies and demands. (Note that Lake Burley @riffas not included in the analysis as it is
under Commonwealth rather than Territory contral encurrently over allocated).

A short-list (or a portfolio) of stormwater harviegt options was developed using actual, on-
the-ground, cheapest stormwater supply-demand roptitiat had the ability to supply
stormwater to urban irrigators with at least 95%uwmetric supply reliability. This portfolio
was considered as the preferred portfolio. It casesrwith a number of ponds and lakes, some
existing, some proposed, and some in combinatich aguifer storage and recovery. We
named this portfolio as ‘Master Plan A'. Since isvconsidered as the preferred portfolio of
stormwater harvesting, TBL performance assessmeag undertaken for Master Plan A
(results are presented in chapters 8 to 11).

However, on completion of the TBL performance assest, new information on the potential
end users was emerged. New information includedifsignt changes to some potential end
users. For example, many end users consideredveiageng Master Plan A, were found to be
met by non-potable water supplies such as LakeeBu@riffin, groundwater or the proposed
effluent reuse schemes. Emergence of changes fmthatial end users had meant that Master
Plan A was no longer valid. Hence, Master Plan B @ were developed using the new
information on end users.

The Master Plan B supersedes Master Plan A. Botstevid&lans A and B include stormwater
harvesting schemes with at least 95% volumetriplyugeliability. Like Master Plan B, Master
Plan C uses new information on end users, but dedwstormwater harvesting schemes with at
least 85% volumetric supply reliability. Due to Itations in availability of time and resources,
further analysis of TBL performance assessment afstet Plans B and C could not be
undertaken. Chapters 8 to 11 can be used to gdege impacts related to the new master
plans, however caution should be used because dvawbtkvels, pond volumes and demands
placed upon the ponds have changed, which willugrfte these impacts (particularly
ecological impacts).



Key Findings

The overall key finding of the study is the devetmmt of two portfolios of stormwater
harvesting options at two different volumetric adlilities: 95% or greater (i.e. Master Plan B)
and 85% or greater (i.e. Master Plan C), and astabent of detailed financial and general
ecological impacts, social impacts, stakeholderwsieand project risks for harvesting
stormwater in Canberra. Both master plans havedkential to save 3 GL/yr of potable water.

Financial findings

Total present value cost of the 95% reliability teaplan (i.e. Master Plan B) is $177M, which
comprises of $141M capital, $33M operation and mesance and $3M replacement costs. The
collective average annual supply of harvesting amtiincluded in this master plan is 3.3
GL/yr, which equates to a levelised cost of $3.6i7ki..

Total present value cost of the 85% reliability teaplan (i.e. Master Plan C) is $150M, which
comprises of $120M capital, $27M operation and mesance and $3M replacement costs. The
collective average annual supply of harvesting antiincluded in this master plan is 3.5
GL/yr, which equates to a levelised cost of $2.841ld_. The 85% reliability master plan was
cheaper because the required pond volume is mssictampared to pond volumes of the 95%
reliability master plan.

The above-mentioned financial cost figures incladestruction costs for new ponds and ‘add-
on’ costs for contingency, administration, procuesn insurance, site investigations and
consultant design and supervision. The levelisedd obharvesting without pond construction
costs, for 95% and 85% reliability cases (i.e. Magtlan B and C) are $1.70/kL and $1.61/kL
respectively.

Ecological findings

For the stormwater harvesting options includedhe imaster plans, new ponds tend to be
relatively small compared to their catchment sizerider to maximise the volumetric reliability
and minimise the cost. Significant volumes of rerits are removed, however this is largely
attributed to harvesting rather than treatmenthagurnover rate of the pond is very high. The
high turnover rate ensures the risk of algal blasrnow, but it also means there is minimal
detention volume for flood mitigation. Velocitiead flow rates in downstream channels are
therefore largely unaffected in large storm evelms$ the reverse is true for small storm events,
especially in summer when there tends to be agrgabportion of flow detained in the pond
(as the water level is typically lower). In someses downstream sections had prolonged zero
flows and this has the potential to be detrimetdaiacroinvertebrate communities that rely
upon summer low flows to survive.

The risk of adverse impact upon downstream macesiebrate communities is less
pronounced for stormwater harvesting from exispogds, because the change to the low flow
regime is far less. The most significant change tdulearvesting is on water levels within the
ponds themselves. They will fluctuate further thameviously, which is likely to improve
aquatic vegetation diversity on the edge of thedpas diversity in most existing ponds is
currently constrained by constant water levels.



The ecological impact upon the Murrumbidgee andaviglo Rivers downstream of the urban
area from implementing the master plans was foartzktnegligible. If fully implemented, each
master plan would remove discharges up to 3.5 Giedyn the Murrumbidgee River, and less
than this from the Molonglo (as not all harvestogions are connected to the Molonglo). It is
likely that reductions in flow will be much lessath this or neutral as stormwater harvesting
will reduce demand on the Cotter, Bendora, Corith@oogong dams, which would most likely
result in increases in environmental flow releadesgardless of the potential increases in
environmental flows, up to 3.5 GL/yr potential retian in flows is relatively minor in the
context of total flow in the Murrumbidgee and Mofpm Rivers, and is therefore unlikely to
have any ecological impact as flow volumes andaités will be largely unchanged.

Social findings and stakeholder views

The social impact of stormwater harvesting was émach using focus groups, web-based
surveys and community workshops. Outcomes of thgiak@nalysis indicated a strong
preference for considering school grounds and spgrounds as high priority users of
harvested stormwater, especially during time ofewathortages. Golf courses, residential
gardens and public parks were not considered dsphmigrity users of the harvested stormwater
during times of water shortages, but they were idensd as appropriate users of harvested
stormwater in all other times. In addition, the coomity in the ACT regarded aesthetic
appearance and potential for recreation as prorngr@enity values of stormwater harvesting.
Accordingly, there is a strong preference for ‘makulooking stormwater collection and
transmission measures over storages and floodwagle wut of concrete.

Deliberative Multi Criteria Evaluation (DMCE) wased to explore decision criteria to be used
for assessing the impact of stormwater harvestingdcial, environmental and economic
dimensions and to understand stakeholder prefeser@etcomes revealed a 38% weight to
economic criteria, 47% weight to social criteriadalb% weight to environmental criteria,

which indicates that in the ACT, there is greateef@rence for considering impacts of
stormwater harvesting in social and economic dinogiss than the impacts in the

environmental dimension.

Risk assessment

The study included a preliminary assessment ofrésdsociated with stormwater harvesting. It
offers guidance on risk issues that should be densd in the future work, rather than a
detailed risk assessment of options included imthster plan. Key areas of risk considered in
the study were: supply security risk associatedh witspecified volumetric reliability; public
health and safety risks associated with drownirdy@her immediate hazards such as drinking
of stormwater and mosquito breeding; and envirortadernisks such as possibility of algal
blooms and changes to flow habitats. The risk assest indicated that nearly all the risks that
were assessed can be evaluated as low. Risks canabaged through improved design
features.

Conclusions & Recommendations

This study has generated a considerable amourdwefknowledge on hydrological, financial,
ecological and social (including stakeholder prefiees on decision criteria and key risk areas)
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aspects of stormwater harvesting, which will infodecision makers to make better planning
decisions on stormwater harvesting at city scalewéVer, value judgements will still be
required in planning stormwater harvesting in Carsdhe

This study has developed two portfolios of stornawdtarvesting schemes (named as Master
Plans B and C) by considering 95% or greater vottimeupply reliability and 85% or greater
volumetric supply reliability. Detailed financialosts for both master plans have been
estimated, but social and ecological aspects dfi easter plan have not been assessed due to
time and resource limitations of the study. Herlnig teport provides a comparative assessment
of the two master plans in financial terms onlyjahhindicates that 85% reliability master plan
can supply stormwater at a cheaper cost than tBé @iability master plan. To broaden
planning options, it is recommended further porti®lare developed using different criteria,
and then ranked using triple bottom line (TBL) asseent or cost benefit analysis (CBA). The
TBL and CBA analyses require detailed analysisocia, ecological and economic aspects of
each portfolio.

To further build upon this study, it is also recoamded that trial projects involving aquifer
storage and recovery are developed. The costs ssuingtions used to assess aquifer storage
and recovery in this study were based on limiteth.d@rial projects would provide greater
confidence of the likely success of such schemé3ainberra. Hydrogeological experts should
be engaged to further assess the feasibility abnedjaquifer storage and recovery.

Further work to improve planning outcomes couldoalsvolve coordinating stormwater
harvesting planning with ActewAGL'’s recycled wagtrategy (ActewAGL, 2008) and further
investigating the possibility of potable water bagkThis would improve financial, ecological
and social outcomes, compared to developing a gtaten harvesting plan in isolation.

To enhance quantification of both ecological andnetnic aspects of stormwater harvesting,
analysis of the whole-of-urban water system co@dibdertaken. Such an analysis will enable
quantification of economic impacts of delays in megtations and water restrictions due to
stormwater harvesting, changes to environmentaV fleleases from supply storages due to
potential increases in storage levels as a redultarmwater harvesting, interactions of

environmental flow releases in waterways with rems in stormwater discharges due to
stormwater harvesting and the ecological impligatioof changes to flow and nutrient

discharges to waterways.
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INTRODUCTION

1 INTRODUCTION

This chapter describes the background, objectaed, methodology of the study and outlines
the structure of this report.

1.1  Background

The Canberra Integrated Urban Waterways Projectama®unced in November 2006 and is
funded by the Australian Government ($10.2M) andTA@overnment ($6.8M). The project is
funded by the National Water Commission under thata/ Smart Program, and is now
administered by the Commonwealth Department of ienvent, Water, Heritage and the Arts.

The aim of the Canberra Integrated Urban Waterwasgject is to provide integrated
management of urban waterways by investigating dppities for investment in stormwater
harvesting, and aquifer storage and recovery. Hjectve of the project is to replace 1.5 GL
of potable water by 2010 with alternative waterrsea for irrigation. The project is also
aiming to meet a longer term target of 3 GL/yr ofgble water displacement by 2015.

The context for the Canberra Integrated Urban Watgs project is embedded in three major
policy initiatives:

1. Think water, act waterreleased in April 2004, sets a number of tarteds the ACT
Government is committed to achieving. These targeds

e a 12% reduction in mains water usage per capitaddy, and a 25% reduction by
2023 (compared with 2003), achieved through waftéciency, sustainable water
recycling and use of stormwater and rainwater

* by 2013, increase in use of treated wastewatela{reed water) from 5% to 20%

« alevel of nutrients and sediments entering ACTewadys no greater than from a
well-managed rural landscape and

e reduction in the peak flow and volume of urban mteater flows so that the run-
off event that occurs, on average, once every thmeths, is no larger than it was
prior to development.

2. The Where Will We Play strategy was publicly annmeoh by the ACT Minister for
Sport and Recreation at the Sustaining Sport imau@ht Environment Symposium on
23 October 2007. This strategy details the ACT Guwent's commitment to
developing and implementing a sportsground madgar  deliver the vision that by
2013 no sportsground in public or private ownershithe ACT will rely solely on the
use of potable water to guarantee sporting operstio

3. The Waterways Water Sensitive Urban Design General Cioderporating principles
of water-sensitive urban design, became effectivislarch 2007. The code requires a
40% reduction of potable water use in all new depelents.
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In addition, in October 2007, the ACT Governmenht@mced a water security program with
an aim to increase water supply to ensure a sugfibbility of 95% so that temporary water

restrictions would not need to be applied for nitian 5% of the time — equivalent to one year
in 20. A range of new water supply projects, nowngamplemented by ACTEW, has been

proposed as part of this program. The major prsjeatrently underway include the enlarged
Cotter Dam, the Murrumbidgee to Googong water feansvater transfer from the Tantangara
Dam to the ACT and a demonstration water purifaraplant.

1.2  Study Objectives

The overall objective of the study is to assessféasibility of achieving a 3 GL/yr water
saving target by 2015, primarily by the use of miwater as a potable water substitute.
Harvesting from existing lakes and ponds is to besw@ered, as is construction of new
stormwater harvesting ponds. Aquifer storage amgesenining are also to be considered, but
only in combination with the construction of nevorsbwater ponds (i.e. aquifers are used
mainly for stormwater storage but reclaimed wateayrbhe mixed with the stormwater). The
study area covers the entire urban area of the ACT.

The detailed objectives of the study are to:

1. quantify the amount of stormwater that can be haed by considering various
harvesting options (e.g. new ponds, existing poadd lakes and managed aquifer
recharge or MAR) and possible mixing of stormwatéh locally treated wastewater
obtained through sewer mining

2. identify potential end users of stormwater

3. identify the best stormwater harvesting optiond tt@lectively have the potential to
achieve 3 GL/yr potable water savings in triplettwat line terms (i.e. by considering
implications of stormwater harvesting in economggcial and environmental
dimensions).

1.3  Overall Methodology

The approach developed to identify the best stotemwvharvesting options in TBL terms,
consists of seven steps:

e Step 1: Identify key study parameters, includingnate, study area boundary and
urban land use and development patterns

e Step 2: Identify potential end users of stormwdéeg. private and public sports and
recreational organisations)

« Step 3: Identify potential harvesting options, utihg existing lakes and ponds
suitable for drawing extra volumes of water, sugdbcations and areas available for
new ponds, and aquifers suitable for storing staatewfor later recovery (i.e. managed
aquifer recharge or MAR).
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e Step 4: Develop guiding principles to identify leasst harvesting options at the
required supply reliability — cost calculated acling to the net present value of
infrastructure life cycle costs

» Step 5: Identify all feasible stormwater supply—deih options and screen them using
the guiding principles developed in Step 4, to dmyeportfolios of stormwater
harvesting options (e.g. ‘95% volumetric relialyilileast-cost portfolio’ comprises a
set of stormwater supply—demand options that ciillely have the potential to achieve
3 GL/yr supply by 2015 at 95% volumetric relialyilizith least infrastructure lifecycle
costs)

e Step 6: Assess social, ecological and risk impbecet of stormwater harvesting in
general and for each portfolio — this generic easest identifies criteria for assessing
performance of portfolios

e Step 7: Conduct a multi-criteria assessment (MCA)portfolios to provide an
indication of which portfolio is likely to have gatest ecological, life cycle cost or
social impact (i.e. TBL performance). MCA may als® used for identifying relative
benefits of individual options in a particular gofio.

Steps 1 to 7 were undertaken in close associatitim a group of key stakeholders who
provided local knowledge, assist in identifying krameters and constraints of the study, and
provide input to establish criteria for assessiagfplios.

Steps 1 to 7 can be carried out in two stages:

» Stage 1 encompasses Steps 1 to 5 and will resideimification of feasible portfolios
of stormwater supply—demand options

* Stage 2 encompasses Steps 6 and 7 and will resutientification of preferred
portfolios or ‘Master Plans’.

The overall generic methodology is illustrated igufe 1. This methodology is transferable to
any location.

The above-mentioned generic methodology was appliestudy. Application of Steps 1 to 6

resulted in developing a portfolio of stormwatervesting options (Portfolio A or Master Plan

A) and a set of assessment criteria for evaluahegperformance of portfolios. Master Plan A
was developed to include a set of least-cost (iarftial terms) stormwater supply—demand
options with 95% or greater volumetric supply relidy. The key stakeholders of the study
agreed to consider that portfolio as the prefempedfolio. Hence Step 7 (i.e. social and
ecological aspects, and MCA) was performed on idd& options included in Master Plan A.

Chapters 2 to 11 of this report describe the pdéekbowed to develop Master Plan A and
outcomes of the analysis.
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Interactions with key stakeholders Interactions with key stakeholders
AN
Step 2: Potential
end uses of
AV stormwater for ~ Step 4:
UiifgELiGen) development Step 5: Step 6:
Step 1: key purposes of guiding development Assessment Step 7: Multi-
parameters, principles for of portfolios of of generic Criteria
e.g. climate, screening of stormwater social, Assessment to
urban supply/ supply- ecological and identify preferred
development | = > # demand # demand # risk aspects of # portfolios
pattern and options based options using stormwater (named as
land uses on reliability the guiding harvesting Master Plans)
Step 3: and principles AND and/or an
Harvesting infrastructure developed in development assessment to
options: life Step 4 of indicate relative
1. Stormwater :
cycle costs assessment benefits of option
Ponds 4 criteria for in preferred
2. Aquifer evaluating Master Plans in
storage social, social, economic
3. Existing lakes economic and and
and ponds ecological environmental
4. Sewer mining aspects of dimensions
portfolios

< Stage 1 > Stage 2

Figure 1: Overall methodology

Although Steps 1-7 were completed in mid 2008, melwrmation regarding potential end
users of the harvested water became available impletion. It was discovered that many end
users considered in the analysis included thosesevneeds were already met by non-potable
water supplies such as Lake Burley Griffin, grouatkv and the proposed North Canberra
Effluent Reuse Scheme. This information was notlabke at the commencement of the study.

In light of this new information, a review of potéi end users considered for the analysis was
undertaken in mid 2008 by the project team and fikeeh Working Group of the project and a
revised list of potential end users of stormwatewvhsting was compiled (see Appendix V).

The most sensitive variables of the methodologycrlesd in Steps 1-5 for identifying the
cheapest-cost stormwater harvesting options asditotof end users and the volume of water
needed to meet each end use to a specified voliemetiability. Therefore, any changes to end
users in terms of their location and the demaneématlume has a considerable impact on the
levelised cost of individual options and the opsioselected to be included in a portfolio.
Consequently, the revised list of end users andaddnvolumes meant the stormwater
harvesting options included in Master Plan A maylommger have represented the cheapest
financial cost options at 95% volumetric relialyilit

To incorporate the new information into the stu®&eps 1-5 were repeated and two new
portfolios were developed (named as Portfolio B Bodfolio C or Master Plan B and Master
Plan C). Master Plan B was similar to Master Plaim Aerms of volumetric supply reliability
(i.e. 95%), but included new information on potehtusers of stormwater. Master Plan C
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included least-cost stormwater harvesting optioite & minimum of 85% volumetric supply
reliability. The new portfolios are described inapher 7 along with Master Plan A.

Master Plan B supersedes Master Plan A. MastesBBaend C should be treated as outcomes
of this study.

Due to limitations in availability of time and ragsces, no further analysis of ecological
impact, social impact and MCA of Master Plans B &#vas undertaken (i.e. Steps 6 and 7
were not repeated for these Master Plans). AlthdZiggipters 8 to 11 can be used to gauge the
impacts related to the new Master Plans, cautianulghbe used because drawdown levels,
pond volumes and demands placed upon the pondshwhilk influence these impacts
(particularly ecological impacts) have changed.

As part of the study, HydroPlanner (Maheepala €2@05; Grant et al. 2006; Maheepala et al.
2007), a software tool for integrated modellinga@fter quantity and quality of the total water
cycle at city scale, was further developed andiagpb Canberra using the data available. The
purpose of this task was to demonstrate how Hydro®r could be used to quantify
implications of stormwater harvesting on supplyesiy/namics such as system vyield, storage
levels and triggering of restriction regimes, adlwe changes to flow characteristics in urban
and downstream waterways and rivers. Since the tdiskeveloping HydroPlanner was
undertaken in parallel with Steps 1-7, analysisidesd in this report was carried out using
existing models where available, and new, spreaddiesed models. Modelling outputs were
used to verify the outputs of HydroPlanner. Devalept of the HydroPlanner model for
Canberra is described in a separate report (Makeegaal. 2009). Enhancements to the
HydroPlanner application will commence in JanuaB02 as part of eWater ACT Focus
Catchment Study.

1.4  Structure of the Report

Chapter 2 describes key parameters of the studydimg the climate series and study
boundaries. Chapter 3 describes potential usetheoharvested water. Irrigation is the only
type of end use considered. Chapter 4 describebahesting approaches considered in this
study (i.e. existing ponds/lakes, new stormwaterdso aquifer storage and sewer mining) and
lists the potential new pond sites, existing lapesfls and hydrogeological provinces.

Chapter 5 describes the methodology used to guadlifef cycle costs of infrastructure. The

method described in Chapter 6 involves the devedmpnof a large number of hypothetical

supply and demand options, and estimation of tbe$ts and supply reliability. This chapter
informs the reader of the stormwater supply—demapiibns that are preferable in Canberra
and the circumstances in which they should be eyepldthese have been named ‘guiding
principles’). Guiding principles are used to infothre development of portfolios or Master
Plans of harvesting options for Canberra in Chapter

Chapters 8 and 9 describe ecological and socididatns of stormwater harvesting in the
ACT. In Chapter 10, deliberative multi-criteria assment is used to identify relative benefits
of the options in the Master Plan. Generic risleassent of stormwater harvesting in the ACT
is described in Chapter 11.
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Chapter 12 concludes with the outcomes of the sty Chapter 13 details a series of
recommendations for developing a capital works fgfor stormwater harvesting in the

ACT.
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2 KEY PARAMETERS

The technical advisory and stakeholders groupsomeeveral occasions to discuss the guiding
principles and key parameters of the study. In sargnthey are:

i.  Year of analysis is 2015 because the purpose dittity is to examine achievability of
3GL/yr potable water savings by 2015.

ii.  Climate projections for Canberra in 2015 are nailable and the study used a 2030
climate scenario developed in accordance with ACTERMUture Water Optionseport
(ACTEW 2006).

ili. Stormwater use was considered for irrigation puepamly. Although it could be used
for other non-potable applications, these haveoren considered in this study.

iv.  Both existing and future potential end uses wenesitiered although knowledge of
potential future end uses is limited.

v. Rainwater tanks are not part of the study.
vi.  Mixing of stormwater with greywater was not consate

vil. Mixing of stormwater with locally treated wastewafebtained through sewer mining)
was considered although current regulations doatioiv treated wastewater to be
stored in aquifers.

viii. A master plan for supplies with volumetric reliatyilof 95% or greater was developed,
however the potential of 85% volumetric reliabildgtions was also assessed.

ix. Existing lakes and ponds were modelled with anvalde drawdown level of 1 m.
Although this is well beyond the 200 mm drawdownitiof the Water Resources Act,
a 1 m value was chosen to test the potential afrstater harvesting and the likely
environmental/ecological impact.

X.  Lake Burley Griffin (managed by the National Cabifeuthority [NCA]) was not
considered as a harvesting option, although ithdeutstood that further harvesting is
being investigated by the NCA.

xi.  Proposed ponds were modelled with an assumed a&vdeggh of 2 m and an allowable
drawdown level of 1 m.

Xil. Environmental flows were not required for urbanevaiys.

Although the target was for 3 GL/yr of stormwatervesting by 2015, a Master Plan greater
than this (4.4 GL/yr, Chapter 7) was developed bseasome projects may not proceed due to
planning approvals, community support, adverse renmental impact, competing land use,
existing services and unforseen costs (includingpeation costs). The assumption that users
are willing to pay may also not hold in every case.
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2.1 Climate Series

A daily climate sequence for Canberra was obtairfesin the SILO Data Drill
<www.bom.gov.au/silo/> using the coordinates ofl85S and 149 18’ E. SILO data drill uses
interpolation from closest climate stations to restie a variety of parameters (Jeffrey et al.
2001). A climate series of 1940-2004 with an averagnual rainfall of 651 mm and pan
evaporation of 1405 mm was used. This comparebadBureau of Meteorology record for
Canberra Airport <www.bom.gov.au/climate/averagdsés/cw_070014.shtml> which records
annual rainfall of 619 mm. A monthly rainfall comisn is shown in Figure 2.
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Figure 2: Comparison of SILO Canberra and BOM Canberra Airport average monthly rainfall

To align with climate predictions (see Key Paraméjea 2030 climate series was developed
(see ACTEW 2006) by linearly scaling the historicgimate sequence using factors

representing seasonal predicted impact of climhsnge (Table 1) relative to current (1990)

climate. These correspond to a ‘worst case’ or enfadive climate change scenario based on
projections of seasonal range of change from & i3 global and regional climate models.

These were developed by the CSIRO (Bates et aB)2®er a 100 km grid square centred on
the ACT (35.5°S 149.0° E).

The resultant climate series had an average amaundiall of 593 mm and pan evaporation of
1533 mm (see Figure 2 for average monthly raingadtl Figure 3 for average monthly
evaporation). This climate series was used faradtifall run-off modelling in the study.

Instead of pan data, estimates of pond and lakeoeadon used monthly point potential
evaporation data from Wang et al. (2001) (1480 myrdpd the evaporation scaling values in
Table 1 to convert to a 2030 climate sequence (hedlyr).
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Table 1: Modelled climate change impact for 2030 climate sequence compared to historical record (1990)

(ACTEW 2006)

Rainfall | Evaporation
(%) (%)
Summer -8.9 8.7
Autumn -4.9 8.5
Winter -10.9 10.5
Spring -10.9 9.7
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Figure 3: Comparison of adjusted evaporation (2030 series) with historical evaporation

2.2  Extent of Study Area

The project team met with key stakeholders — repriagives of ACTEW, ActewAGL, TaMS
and ACTPLA - to define the study area boundary (Segire 4). The study area included
catchments of Parkwood, Gungahlin, Lake Ginninde®rdlivan’s creek, Lake Burley Griffin,
Fyshwick, Woden, Weston, Kambah, Jerrabomberragéi@gong and Tharwa.
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Figure 4: Study area (shown in light red) and major hydrological sub-catchments in Canberra
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3 POTENTIAL USERS OF STORMWATER

3.1 End Users

Potential users of stormwater were identified ifladmwration with ACT Planning and Land
Authority (ACTPLA) and ACT Territory and MunicipaBervices (TaMS). Sources of
information were:

« TaMS and ACTPLA staff

« TaMS Facility Audit of sportsgrounds
« aerial and topographic maps

» meter data for urban parklands.

These were further classified into either priodtynon-priority end uses based on end use type.
Those end users with a ‘willingness to pay' (asedeined by the technical group) were
classified ‘priority’. Only the ‘priority’ end usesvere considered in the development of
supply—demand options. Priority end uses included:

» sportsgrounds

« school grounds

» golf courses

» bowling greens

» parklands

- tennis courts and

« various other club irrigation or commercial uses pbn-potable water
(e.g. racetracks, dog clubs, the National Zoo).

Non-priority end uses included:
e swimming pools (due to more stringent water quakiyuirements)

e sportsgrounds and school grounds not seeking examsptinder Stage 4 water
restrictions as per the TaMS Facility Audit of sgayrounds.

A list of the end uses considered in this studshiswn in Appendix A.

11
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3.2 Demand

Irrigation demand was determined from the rainfadir- evaporation deficit using the method
outlined for water allocation by the ACT GovernmdB007) — roughly set 500 mm or 5
ML/halyr. As the rainfall-pan evaporation defigtgreater under the 2030 climate series used
in this study, demand was adjusted to 6.35 ML/hais value has been adopted for all end
uses considered in this study.

Supply and demand were calculated on a daily tirep-&ee Appendix K). Daily demand was
assumed to be the average difference between lia@nthpan evaporation for that month in the
year, divided by the number of days in the montbmand was assumed to vary only from
month to month — not from year to year — resulimgemand on 31 January 2008 is the same
as demand on the 31 January 2009, but differesétaand on 1 February 2008.

All end users were assumed to require the samemeolaf water per hectare. This is an

appropriate assumption for the purposes of thigeptdi.e. determining which schemes are
likely to be preferable), but the same assumptiooukl not be made for detailed design.
Demand will vary from site to site based on facteueh as irrigation practices, irrigation

infrastructure, soil type, grass type and end Ese.example, a horse racing track may require
more irrigation than average to ensure the groaraitably soft (and safe), while a public park
may require less water than average. Many appreaatee available for end users to ensure
demand is minimised — fore example, selection giragriate grass type, revision of irrigation

practices and upgrading of irrigation infrastruetuNone of these practices have been
considered in this project — a single value of &85ha/yr has been adopted for all potential
end users.

3.3 Demand Clusters

Demands were clustered in order to simplify devedept of supply—demand options (see
Chapter 7). Adjacent demands were grouped when faddewholly or partly within a 400 m
radius (a distance selected following sample tgtifihe centre of this circle was based around
the average of the points of highest elevationamheend use, determined to be a conservative
estimate of pipe distance and a likely point tockhtihe water will be supplied (to permit easy
on-site dispersal).

Once the clusters were mapped in geographic inflomasystems (GIS), the maximum
elevation, geometrical coordinates, water volumd area were recorded in a spreadsheet
prepared for comparison with potential supply apgio

Non-priority end uses were not included as parthef clusters (see Appendix A for a list of
priority end uses and clusters; and Appendix Bafanap of the demand clusters).

12
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4 POTENTIAL HARVESTING SITES

In consultation with key stakeholders and the tezinworking group, the following
stormwater harvesting schemes were considered:

e capture instormwater' ponds

* recovery from deep aquifers using eiti#8R (i.e. aquifer storage and recovery: one
well or well field for both injection and recovergyr ASTR (i.e. aquifer storage
transfer and recovery: one well or well field fajdction and another well or well field
for recovery)

« existing lakesand ponds, with an allowable 1 m drawdown

« stormwater mixed with locally treated wastewatetaoted using an appropriate sewer
mining method to createclaimed waterwith end users supplied directly from ponds

« stormwater mixed with locally treated wastewatetaoted using an appropriate sewer
mining method with end users supplied from aquif@eswver mining with aquifer
storage— not yet approved under legislation)

« stormwater recovered from shallasportsground aquifers confined to the alluvial-
gravel material typically found under sportsgroufatsapplication to sportsgrounds.

Potential sites for stormwater ponds and the ap@atgmess of Canberra’s hydrogeological
provinces for aquifer storage were identified, aristing ponds and lakes to be included in the
analysis were also chosen in consultation withtélsanical working group.

Potential sites for sportsground aquifessre notidentified. Although this form of capture and
storage is technically feasible (see Chapter 4&2Ghapter 6.6), geotechnical information is
required prior to sites being able to be identified

Potential sites for sewer mining were afsat identified. Stormwater harvesting is generally
cheaper than a combined sewer mining — stormwatesehting, or stand-alone sewer mining
schemes (see Chapter 4.4), however there are nmi@oynstances where this is not the case.
This report recommends further investigation indover mining by development of a sewer
mining plan similar to the stormwater harvestingagter plan’ outlined in this study (Chapter

7). A further step would be to then integrate thenping of stormwater harvesting and sewer
mining into a single ‘master plan’. Given the tig@nstraints of this project, it was not possible
to undertake such detailed investigations. It sthoalso be noted that ActewAGL have

completed a study into recycling water from the keowlolonglo Wastewater Treatment plant

(ActewAGL 2008).

4.1 Stormwater Ponds

Using corporate knowledge of ACTPLA and TaMS aral Sullivans Creek report (Bill Guy &
Partners 2003), potential stormwater sites wereitiied. The technical working group

13
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reviewed these sites, removing those that wererettbo small, had an insufficient catchment
area or were otherwise unsuitable for stormwatergsting.

Catchment areas for each of the ponds were detedmnising GIS contour and stormwater
drainage network information supplied by ACTPLA.a&tion impervious values were
determined by assigning fraction impervious areawarious land uses (Table 2) and then
calculating a weighted average for each catchnfdtitough values in Table 2 were used as a
guide, adjustments were made according to uniguemstances in some catchments. These
catchment area and fraction impervious values viepeit to the rainfall run-off models
(Appendix C) that were used to model the harvestoigemes (Chapter 7).

The list of sites investigated in this study, tdgetwith their estimated catchment area and
fraction impervious values are shown in Table 3 laydhaps in Appendix D.

Table 2: Adopted fraction impervious values

Land use Details Adopted
Value
National Capital Plan Australian Government land: including nature 0.00
reserves, forest, Capital Hill, embassies, some horse
paddocks & golf courses
Residential 0.35
Commercial 0.70
Industrial 0.70
Community facility Schools, churches, hospitals, historic sites 0.30
Restricted access Some sports grounds (ovals, archery range, golf 0.05
recreation course, tennis, leisure centre)

Water feature 0.00
Municipal services Electrical substation, ambulance station, council 0.50
offices, bmx park, reservair, train line
Entertainment, Includes some sports clubs, horse paddocks 0.40

accommodation &

leisure

Urban open space 0.00

Broadacre Some mixed use, schools, residential, parks, 0.10
raceways

Rural 0.05

Hills, ridges and buffer 0.00

areas

River corridor 0.00

Plantation forestry 0.00

Major roads Includes nature strips 0.75

14
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Table 3: Potential pond sites, available area for pond construction, catchment area and fraction impervious values

District Wetland / pond ID Suburb ection/block A| vailable area (m °) | Catchment area (ha) Fraction
impervious

(ratio)
Belconnen Bl Kaleen 147/1 117 200 263.9 0.26
B14 Florey 114/2 20 000 766.7 0.35
B2 Giralang 84/10 97 040 2 016 0.23
B24 Holt 50/52 101 849 235.3 0.34
B28 Latham 129/1 52 223 208.2 0.35
B3 Belconnen 150/2 37 384 325.9 0.33
B37 Melba 67/3 143 533 137.8 0.36
Gungahlin G23 Kenny 0/775 1107 0.18
G25 Throsby 0/733 370.2 0.08
North Canberra NC1 Acton 63/1 4 000 12.0 0.66
NC12 Lyneham 41/19 18 000 8.9 0.34
NC12A Lyneham 59/43 9 600 88.7 0.27
NC13 Lyneham 41/17 and 47/2 11 000 64.9 0.41
NC14 Dickson 76/4 35 000 523.8 0.18
NC18 Mitchell 76/1 45 000 1863.0 0.20
NC2 Turner 25/2 3 000 13.5 0.30
NC3 Turner 25/6 6 000 7.0 0.45
NC4 Turner 65/3 8 000 107.7 0.26
NC5 Turner 66/19 8 000 104.3 0.22
NC6 Braddon 14/1 5 500 39.0 0.16
NC7A Turner 67/16 5 000 92.1 0.38
NC8 O'Connor 24/22 5 000 50.0 0.32
NC9-11 Lyneham 46/27-30 18 000 895.7 0.21
Tuggeranong T1 Kambah 353/10 237.1 0.19
T2 Fadden 353/10 38 900 500.0 0.24
T3 Calwell 788/2 47 500 1610 0.11
T4 Richardson 450/1 250 000 1980 0.14
Woden Valley WO - 0/677 3352 0.28
w19 Phillip 131/7 132 626 1078 0.22
w2 Curtin 121/9 44 648 3059 0.28
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District Wetland / pond ID Suburb Section /block A| vailable area (m %) | Catchment area (ha) Fraction
impervious
(ratio)
W26 Mawson 47/25 48 366 263.6 0.27
w27 Mawson - 35782 565.7 0.30
Weston Creek WCO - 1179/0 1770 0.30
WC13 Weston 58/4 7314 486.7 0.32
WC14/15 Duffy 58/1 and 56/3 338.5 0.29
WC17 Waramanga 47/1 21 073 449.9 0.29
WC19 Waramanga 4617 98 546 207.1 0.22
WC2 Holder 48/1 190 558 1674 0.31
WC20-1 Stirling 24/88 176.9 0.24
WC20-2 Stirling 24/88 48.9 0.27
WC20-3 Stirling 24/88 35.7 0.33
WC23 Fisher 13/9 11 333 58.4 0.27
WC3 Holder 45/18 37081 1252 0.31
WC4 Holder 45/19 31885 1235 0.31
WC9 Weston 74/9 35 444 610.7 0.31
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4.2  Aquifer Storage

Managed aquifer recharge (MAR) via methods suchgasfer storage and recovery (ASR) can
only be established in Canberra if technical, eaginpinstitutional and management barriers
are overcome. This study, together with the accaoryipg reportAquifer Storage and Recovery
Investigations, Canberra Urban Aregtvans 2008), addresses some of the technical and
economic issues. Essentially, this study provideirs-pass, pre-feasibility technical and
economic assessment of the opportunities for MARC@mberra where stormwater run-off is
harvested for non-potable irrigation supplies. itasbnal and management issues are not
addressed.

MAR can be partitioned into two distinct scaleggiomal and local. Regional aquifers can be
either shallow (in alluvial material) or deep (iradtured rock) and can store and transport
water. Water could be injected via wells or infition basins adjacent to a water source and
transported using the groundwater system to theaddnpoint (see Chapter 4.2.4). Local

aquifers are distinct from regional aquifers asyth@nsport water through pipes from the

supply source to a local aquifer adjacent to a dehwentre. They can be either shallow or

deep are further described in Chapters 4.2.2 (tteefured rock) and 4.2.3 (shallow alluvial).

A distinct type of local aquifer — a 'sportsgrouaduifer' — where coarse gravelly material
regularly found beneath sportsgrounds are usedote svater, was also investigated in this
study (see Chapter 4.2.5 and Chapter 6.6).

4.2.1 Injection/extraction rates for hydrogeological prov inces

The likely injection and extraction rates for aniggr are important for determining feasibility
for storage and recovery of water. The higher thgection/extraction rate, the less
infrastructure per litre of water is required ahe tesser the requirement to treat water. The
primary determining factor of injection/extractioate is the hydrogeological province where
an aquifer is to be located.

Hydrogeological provinces across the ACT and recendations to their applicability for
aquifer storage are sourced from Evans (2008) amed paesented in Appendix E and
summarised in Table 4. Only those provinces witteptial classified as ‘moderate to high’ or
better were considered for aquifer storage (i.¢y @mactured rock aquifers in the Mt Painter
Volcanics, Ordovician and Canberra Formation proegwere considered). Unfortunately,
numerical probabilities of intersecting such aquifduring drilling could not be determined as
the understanding of aquifer potential in each ggichl province is not as precisely known
(see Evans 2008).

Bore extraction and injection rates for each progifwith the exception of Alluvium, which
was assumed) were developed from drilling testerted in Evans (2008). The values adopted
roughly equate to the 5ercentile bore yield result and are then incredsea further 50%.
The 7% percentile was adopted rather than the medianusecii was assumed searching
would be undertaken to find a favourable site. Acréase of 50% was adopted because the
drilling test in Evans (2008) relates to 100 mmnuider bores and in this study it is assumed
200 mm diameter bores are used.
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Injection rates were assumed to be 25% less th&naotion rates due to clogging effects
around the borehole/aquifer interface associatél imjection. However by use of filter/bio-
filters, and backwash in ASR schemes clogging nesnimimised.

Table 4: Hydrogeological provinces and their potential for aquifer storage

Hydrogeological Aquifer storage Assumed Assumed injection
province potential extraction rate (L/s) rate (L/s)

Mt Painter Volcanics High 4.0 3.0
Ordovician Moderate to high 3.5 2.6
Canberra Formation Moderate to high 3.5 2.6
Alluvium Moderate 2.0 n/a
Middle Silurian Volcanics Low to moderate 15 1.1
Granites Low to moderate 15 1.1
Upper Silurian Volcanics Low 1.5 1.1

4.2.2 Fractured rock aquifers (local)

Fractured rock was identified as the ideal targgtifar for MAR. Injection rates are likely to
be greater than for aquifers in shallow alluviunissand water logging is less likely to be an
issue. In fractured rock aquifers, groundwatertisezl primarily within the fractures, joints,
bedding planes and cavities of the rock mass, rdkiaa the primary porosity as is the case in
sedimentary aquifers. The well yield of fracturamtk is dependent on the nature of the
fractures and their degree of interconnection. C@03) gives a detailed explanation of
fractured rock aquifers and classifies them intifedént forms. Fractured rock aquifers are
found in the Mt Painter Volcanics, Ordovician, Cara Formation, Middle Silurian, Granites
and Upper Silurian hydrogeological provinces (Ev2088).

Fractures in Canberra are typically open to depth400 m and most of the bore yield is

obtained in the top 40 to 60 m where the aquifanist heavily weathered (Evans 2008). It
was assumed the thickness of the unsaturated bave éhe watertable in the case of fractured
rock aquifers is at least 15 m and the MAR is sédat least 30 m above the valley floor.

ASR was only considered in detail in the Mt Paintaicanics, Ordovician and Canberra
Formation provinces. Likely injection rates in athgrovinces (< 2 I/s), which were derived
from Evans (2008), are generally too low for ecommaily viable ASR schemes as the cost of
water treatment would be too great (in the orde$3560 /kL, pers. comm. Taylor 2008; Pavelic
2008).

Aquifers with lower injection rates require greategatment since they are characteristic of
lower transmissivities and hence lower fracturerapes or pore sizes which are more
susceptible to clogging by filtration of injectedrpculates, chemical precipitation or biomass
growth. This makes aquifers with lower injectiorieia exponentially less appropriate since
lower injection and storage capacity requires higheatment costs, making the unit cost of the
injected water very high. Due to their assumed iopction rate potential, aquifer storage in
Middle Silurian, Granites and Upper Silurian prags was not considered any further in this
study.
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The Mt Painter Volcanics hydrogeological provinseassumed to have the highest extraction
rates and bore yield. For the purposes of thisystdd L/s has been used for calculations and
3.5 L/s for Ordovician and Canberra Formation pnoes based on Evans (2008). It should be
noted that rates can vary significantly within prmes and values of up to 24 L/s using a
100 mm bore have been recorded (Evans 2008).

Two types of aquifer storage were considered —fagsiorage and recovery (ASR) and aquifer
storage transfer and recovery (ASTR). Simply pug, difference between the two schemes is
that ASR uses one well for both injection and ettcen whilst ASTR relies on two or more
wells (dedicated well for injection and dedicateéliwfor extraction) (Dillon 2005). ASR
schemes generally require less water quality treatrbecause each time water is extracted the
aquifer is partially flushed. Because ASTR is draywvater from a separate well to which it is
injecting, it does not have this advantage. Orother hand, ASTR can be assumed to lose less
water to surrounding groundwater, because watebednjected all year round. This means the
average time water is stored is much less thaA&R. For this study, a recovery efficiency of
75% was assumed for ASTR and 50% for ASR systems.

A great deal of variation in recovery efficiencycacs between aquifers (Pavelic et al. 2002),
however 75% is considered a reasonable consenatjectation for ASTR systems over the
longer term. In some circumstances, an ASR scheitiehawe a similar or better recovery
volume to an ASTR scheme due to water being trategp@ver shorter distances. Therefore,
the recovery efficiency assumptions used in thigore are subject to a high degree of
uncertainty and the estimated costs for ASR/ASTHeB®ES are also subject to a high degree of
uncertainty. Further investigations into MAR in ®arra would be beneficial in determining
this parameter.

Despite such uncertainties, fractured rock aquibéisr genuine potential for cost-competitive

storage and supply of water. Estimated costs wilcheaper for a well-designed pond-aquifer
scheme than for a similar stand-alone pond schee® Chapter 5). The challenge will be to
undertake further hydrogeological/geotechnical ss®ent and trial projects to test the
assumptions used in this report. A detailed expianaof the modelling and costing of an

ASTR example is given in Appendix F.

4.2.3 Shallow alluvium aquifers (local)

Alluvium hydrogeological provinces are generallg@sated with major drainage lines and are
thus located in valley floors, directly connectedstreams and generally composed of coarse
gravelly material. Potential exists to locate dhallalluvium aquifers in these provinces
however, since these deposits can be highly hetesmys, investigation costs to identify
appropriate locations to site ASR wells could blessantial (Evans 2008).

ASR in shallow alluvium soils, based on Evans (30@8 assumed to have an extraction rate
of 2 L/s and are considered to have moderate patémable 4).

No further investigation into alluvium aquifers wasdertaken (with the exception of
‘sportsground aquifers’). Fractured rock aquifeflerogreater potential due to their higher
injection and extraction rates. It is recommendeat trial projects be undertaken to test the
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potential of fractured rock aquifers and sportsgbuaquifers. If these projects prove
successful, consideration can then be given tdashallluvium aquifers.

4.2.4 Regional aquifers

Regional aquifers could potentially be used fons$gorting water from a supply source to a
demand site. Water could be injected into an aqugferhaps through infiltration trenches or

through a bed of ponds, and extracted using a atethe demand site. Such aquifers are
relatively large in scale and could involve tenshtondreds of hectares, or hundreds to over
1000 ML of storage.

Shallow aquifer systems which contain pedodernes deposited sand and gravel material) that
are ideal for storage of water are already idesdifiThese pedoderms are known to exist in the
catchments of Ginninderra Creek, Gungaderra Cr8alivans Creek, Jerrabomberra Creek,
Yarralumla Creek, Tuggeranong Creek, Point Hut Kreed Lanyon Creek. Treated
stormwater (or reclaimed water) could potentialéy diored in these pedoderms and extracted
via a well for irrigation purposes.

Potential also exists to restore aquifers that haygaired replenishment rates as they are
currently covered by channels. Restoration woulquire redirecting stormwater into the
aquifer, rather than transportation via stormwaigres and concrete channels. To do so,
connections between residential properties andnstater drains would need to be decoupled,
concrete channels removed and replaced by pondsvend, and where possible, drainage
water diverted from pipes towards aquifers. Any kgorof this nature would require
accompanying hydrological studies to ensure tHeaidlooding is not increased and the water
table is not increased to unacceptable levels.

The potential for regional shallow aquifers, inghgl preliminary costing and conceptual
hydraulic design formulae, are further describedhishort report by lan Lawrence (eWater
CRC) and Ray Evans (Salient Solutions) which hasnbacluded in Appendix G. Evans
(2008) also discusses them in greater detail.

The potential to use regional aquifers for transfed storage of water is difficult to quantify
given the limited information available. It has rtf®re not been further considered as part of
this study. To include regional aquifers in thigdst requires detailed investigation of specific
sites which is beyond the resources of this projéctrther investigations in the form of
collation of geotechnical data and engagement odrdgeological / MAR experts is
recommended.

4.2.5 Sportsground aquifers

Sportsground aquifers are a concept that has desgiti potential for cost-effective water
storage and supply in Canberra. A sportsgroundfegig essentially a local aquifer where
water is extracted from a nearby creek (or any ms&darce) and stored in the sand / gravel sub-
base typical of sportsgrounds. They are relativahall in scale and are likely to require
subsurface storage over 1-2 ha (roughly 5-10 ML).
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The concept of sportsground aquifers emanates @anberra University following a review of
water use practices during the late 1990s thatdelde discovery of significant overwatering of
sportsgrounds, and hence to development of grouedwaounds in the surficial aquifers. This
led to the idea of injecting stormwater into thedd gravel subbase during wet periods and
extract it for irrigation use at a later date.

Sportsground aquifers have the potential to be @oosally feasible (see Chapter 6.6).
However suitable sites across Canberra would nedaetfound. A suitable site requires a
suitable aquifer, plentiful creek flows, sportsgndis located adjacent to a creek and demand
for the water (i.e. a sportsground requiring irtiga).

Some sites with these requirements will exist, eislg considering sportsgrounds do not
require large volumes of water for irrigation ahey are often located in floodplains that are
adjacent to creeks and commonly contain alluviateni@ which may be suitable for water
storage.

Many of the details regarding sportsground aquiéenanate from a short note by lan Lawrence
(eWater CRC) and Ray Evans (Salient Solutions) fggzendix H). Design and costing of an
example sportsground aquifer can be found in Cha&éeand Appendix I.

Due to lack of information, data and resourcesgisigeapplication sites could not be identified
or recommended by this study.

4.3 Lakes

Existing ponds and lakes to be considered as paniostudy (Table 5, map in Appendix D)
were chosen by the technical working group.

Table 5: Existing lakes/ponds considered in this study (see accompanying map in Appendix D)

Fraction
Surface Volume Unique catchment impervious

Lake/Pond area (ha) (ML) area (ha) (portion)
David St Wetland 0.3 3 309 0.15
Jarramlee (Dunlop 1) 0.7 11 79 0.30
Fassifern (Dunlop 2) 0.7 11 35 0.33
Gordon Pond 0.6 9 20 0.29
Gungahlin Pond 23.8 600 3028 0.24
Isabella Pond 5.7 70 3088 0.23
Lake Ginninderra 105 3700 4 652 0.25
Lake Tuggeranong 57.1 2 600 2088 0.28
Lower Stranger Pd 4.1 80 115 0.34
Nicholls Pond 3.6 40 150 0.19
Point Hut Pond 16.7 350 1479 0.17
Tuggeranong Weir 7.5 110 70 0.51
Upper Stranger Pd 4.4 43 474 0.33
West Belconnen Pond 9.9 150 162 0.31
Yerrabi Pond 26.4 600 1906 0.14
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Lake Burley Griffin was not considered because timder Australian Government rather than
ACT Government control, and this study relates dovlsting options that can be adopted by
the ACT Government.

Catchment areas and fraction impervious values sarilated based on contour, land use and
stormwater drainage network information provided ACTPLA (see Table 5). Fraction
impervious values were assigned to various land (iBable 2) and a weighted average fraction
impervious value adopted for each catchment (sinidlahe process used for stormwater pond
catchments). These values were input to rainfallafi models (Appendix C) that were used to
inform the harvesting models (Chapter 5 & 7).

Further information regarding lakes, including cartgtion of hypsometric curves, are included
in Appendix J.

4.4  Sewer Mining

Specific sewer mining sites were not consideredtliss project due to lack of information
available to the technical working group, and tiamel resource constraints. Despite this, the
potential of combining sewer mining with stormwatsrvesting and aquifer storage was
investigated by undertaking conceptual modellingsigih and costing (see Chapters 6.3 and
6.4).

It should be noted that ActewAGL (2008) recommendedtralised (non-potable) wastewater
recycling in preference to sewer mining due to apeg and capital costs. This report
concludes stormwater harvesting schemmeay be able to reduce their capital and operating
costs insomecircumstances by inclusion of a sewer mining sehére Chapters 6.3 and 6.4).
However, it should be noted this conclusion is Hage hypothetical modelling; no specific
sewer mining schemes have been investigated.
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5 FINANCIAL COST ESTIMATION METHODOLOGY

The objective of the financial analysis was to cangpcosts of increasing water supply through
harvesting water from new stormwater ponds, aquferage and recovery (ASR/ASTR) and
existing lakes and ponds. The outcomes of the iahranalysis were used to develop a
portfolio of least-cost supply—demand options (€d®pter 6). The potential for combining
sewer mining with stormwater harvesting and ASR/RS¥as also investigated, however only
from a hypothetical/conceptual viewpoint; no spiecithemes were analysed (see Chapters 6.3
and 6.4).

The term ‘financial analysis’ is used in prefereno€economic analysis’, because only the

financial aspects such as construction, operatimintenance and replacement costs of the
harvesting schemes are considered. A true econamailysis would include a broader range of

costs and benefits such as:

e water quality improvements

e impact on property values

e community attitudes

» aesthetic / landscape value

* land opportunity costs

« flood mitigation and potential for a more natulalf to receiving waterways
* micro-climatic effects

* secure supply to sporting grounds and associatedfibe (human health, community
engagement) and

* habitat creation for native wildlife (including mmegory birds).

Such costs and benefits are addressed by the enitdtiia analysis (Chapter 10). A cost—
benefit analysis (CBA) was not undertaken as pttie study.

The reported financial costs in this stuminnot be directly compared to potable water costs
(or prices) or costs of other supplies of waterdue to:

» differences in how unit cost is calculated — thislg uses the ‘levelised cost’ method
to estimate the unit cost of water; comparison witly other studies needs to ensure
the same method is used

» different actual costs (e.g. this study includadd-on’ costs — contingency, design,
administration, procurement — whereas other studeg not include them or may use
different values)

23



FINANCIAL COST ESTIMATION METHODOLOGY

e externalities such as water quality improvemenksod mitigation benefits, land
opportunity costs etc. not being included in thst@nd

» the quality of the product will be different sineelumetric reliabilities and the quality
of the water will vary between different schemed anpply sources.

Any meaningful comparison with prices or costs dhev supplies requires a detailed
understanding of how they were developed and wmdidide methods, data, and which costs
and benefits were included and excluded.

5.1 Methodology of Estimating Costs and Benefits

5.1.1 Cost estimation

Increase in water supply typically requires aniahinvestment to fund construction and money
for ongoing maintenance and operations of the stfugture. It can also provide benefits in the
form of saved water for some number of years. Tgans that the costs of urban water supply
include both capital instalment costs (e.g. comsibn and land) and annual costs (e.g.
operating or maintenance costs). The first categbigosts will occur in the year when major
investment or a major reinvestment to continue réguired supply takes place. The second
category of costs may occur yearly throughout ifieeolf the supply system.

In this section, a summary of the procedure usecbtiect data to assess the different costs
categories in the ACT is presented. Given thatctimal stormwater supply costs (i.e. initial
capital investment and annual operating costs) mtepEn the sizes, technical feasibility,
volume of supplying water and reliability, the co$these options will often vary considerably
over time.

With an expected life of several years and findnmalities such as inflation and the time
value of money, the life-cycle cost of saving arregmsing a unit (kL) of water is an appropriate
cost measure to be determined. Net present vali®/YMnalysis (in combination with the
calculation of annuity equivalents), is a commomégd methodology because of its capability
of integrating expected life with related annuastsoand outputs, as well as other financial
realities into a comprehensive life-cycle costkdyr).

NPV requires the appropriate choice of discoune.rdthe discount rate can reflect the
opportunity cost of investment (money today camnbested elsewhere to achieve a return over
time) and time preference (the lower value placedhe consumption of goods and services in
the future compared with goods and services toffaigkering 2006). The appropriate discount
rate is critical to reflect society’s true prefecen for allocating a resource over time. However,
determining the social discount rate is controarsind the choice of discount rate can have a
large effect in determining NPV and on the resoltsa cost-effectiveness analysis or cost—
benefit analysis. A larger discount rate gives mamght to the present in relation to the
future, and thus benefits to the current generaiengiven more weight than benefits to future
generations. In business, the opportunity cosneéstment is relevant to decisions about the
optimum use of capital funds. The discount ratepigvate investment reflects the company’s
strategy for achieving return to shareholderseljutated industries, the discount rate typically
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reflects the industry weighted average cost oftehWACC). The WACC has been applied as
a discount rate for water investment widely thraughAustralia since the 1990s. Recent
determinations by economic regulators have seenurmaber of water industry WACC
determinations emerge between 5% and 8% in readtgxr terms. This is because water is a
fairly stable commodity with steady income streatosnpared to other high risk industries
(such as land development) that might aim for retuss high as 20-30% (Pickering 2006).
This study adopted a discount rate of 6.5%.

Levelised cost is used when a comparison is neddedlifferent options with different
gquantities on cost minimisation basis and is widedgd in the water industry. Levelised cost is
essential for pricing, particularly for calculatitapg run marginal cost for volumetric tariffs. It
is also commonly used to compare options as itsgaveoarse understanding of relative cost of
different sized options. Levelised cost is typigatialculated as the present value of costs
divided by the present value of water demand (iolikies, for example). The demand is
discounted to represent falling utility over tinaglrer than any inherent loss in the water itself
(Pickering 2006).

In this analysis, the stream of costs was discalated annualised so that the various water
supply options of different useful lives can be pamed on a ‘like to like' basis. Cost of less
reliable water supply options are also inflated amiume of water supply is deflated
(compared to a 100% reliability option) to accofortimpact of reliability on $ /unit of water
supply. In the calculations and methodology, zerbsalvage values (for the infrastructure) and
a continual replacement of such capital items p#mpetuity are assumed. The present value of
cost approach is used for this purpose.

The results can be compared with an externally evegsspecified economic value of water to
easily provide for implications of a complete cdmrefit analysis. If the same methodology
and factors are used, comparisons can be madeotVidh capital projects that increase the
region’s water supply (including on-farm and mupaiwater conservation measures, seawater
desalination, rainwater harvesting, rehabilitatioh water conveyance systems as well as
retaining stormwater options). Obtaining comparatiets for alternatives that can increase
region’s water supply will also provide useful infmation for prioritising projects in the event
of limited and other varying circumstances (Stuadivet al. 2007). Howevecaution should

be applied when comparing with potable water supplycost (or any other water supply
cost) because there are likely to be significant diffiees in how costs are calculated and there
are many costs and benefits that have not beemded! in the financial analysis results
(Chapters 5 and 7) presented in this study.

5.1.2 Construction costs

Data on construction costs were collected by refsre to literature and from expert local
knowledge (see Appendix L for details).

5.1.3 Maintenance costs

All water supply options require inspection andipgic maintenance to prevent or overcome
problems, such as pipe failure, weed infestatimmgs) or clogging (ASR). Maintenance costs
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for some options are higher than for others. Maiatee costs were collected by references to
literature and from expert local knowledge (see é&ppix L for details).

5.1.4 Land opportunity costs

A continuous trade-off exists between building staater pond and other land commitments.
Pond construction may reduce the availability @ $ize of a (re-) development site, and this
could be a concern for real estate interests. Laguubrtunity costs recognise the foregone
opportunity of using the land for other commitmenshighly urbanised areas, dedicating land
to stormwater ponds involves a loss of developnmeofit, and this loss is likely to be an
important cost item of a stormwater pond optionp@gunity cost of land will depend on size
of land (surface area), adjacent properties anegotiand future (predicted) price of the land.

Opportunity cost of land has not been included@financial analysis in this study.

5.1.5 Costin the form of reduced flows downstream

Stormwater retention and use for urban supply mdess run-off and water available for
downstream uses (especially for irrigation). Thastcwill depend on how much water is
retained as a result of building a pond and howhmuould have been available downstream
(after accounting for conveyance / evaporativedss§f there was no retention. This requires a
comprehensive assessment of the water inflow atftbauat each point.

These costs were accounted for within the urbaa af€Canberra when developing the master
plan (Chapter 7). The effect of constructing / leating from a pond on downstream flows and
hence the cost of downstream harvesting projecssagaounted for.

No effort was made to account for these costs deitsf the urban area due to lack of data.

5.1.6 Benefit estimation

Key benefit elements include increase in water Buppd the value associated to increased
supply either in the form of price it attracts metmarket, revenue in the form of tariffs or
reduction in costs due to enhanced reliability iatev supply and/or due to less stringent
regulations and their associated costs. In castoainwater supply options, other benefits may
include reduction in stormwater pollution in theuatic environment or reduction in drainage
infrastructure load. In the case of greenfieldssiie peri-urban use for agricultural production,
it may be sold at a price less than or equal tccdtstribution in the agricultural revenue.
Stormwater retention in the form of lakes may iase=local recreational/tourism values along
with increasing property values adjacent to thefsland enhance benefits of supplying water
through that option (among other benefits).

Such benefits have not been accounted for in ddlans in the analysis (i.e. for inclusion in a
cost-benefit-analysis) but they are accountedrfdahe triple bottom line multi-criteria analysis
(Chapter 10).
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5.1.7 Price (benefits of water supply)

The price of water or charges on greenfield sitesfoo agricultural water users where
stormwater will be used depends on the rate atlwhiater will be supplied after deducting
costs. Alternatively, a shadow price of water carebtimated by examining the existing water
market and how much water users are paying. Incése of agriculture, a temporary water
market price can be considered as a benefit ofrwatee temporary water market price in the
agricultural sector varied from a $200 to approxeghaa $1000 /ML (or approximately 26

$1 /kL) while the annualised price in permanentevatarket prices increased to $200 /ML (or
$0.2 /kL). In Canberra, ActewAGL applies a threedhl discriminatory pricing system varying
from $0.75 /kL for the first 100 kL to $1.67 /kLfd00-300 kL to $2.57 /kL (Hughes et al.
2008).

No attempt has been made to determine the apptemiace of harvested stormwater in this
study.

5.1.8 Increase in reliability

Increase in water supply reliability reduces chanoéd stringent water regulations and
restrictions. Water users are willing to pay a higlpremium price for greater water security.
However, water security may not be possible ai@epr either financial or non-monetary — that
water consumers would willingly pay.

The precise nature of the trade-off between lefrglaier security and willingness to pay varies
from user to user and most households and firmkschibose a level of water security that
involves some degree of rationing some of the tiatber than paying a substantially higher
water price all the time for a water supply thatafs met their demand (PC 2008).

Since December 2002, the ACT (Canberra) has beaer 8tage 1 restrictions for five months,
Stage 2 restrictions for 11 months and Stage 8icgshs for 11 months. Studies assessing the
cost of the restrictions have shown that their iom@tion will incur significant cost to the ACT
region. Costs were assessed for household, comaheretreational, tourism and transaction
(i.e. cost of implementation) in current terms &md2055 (expressed in real terms). They were
approximately $71 million. Hensher, Shore and Tr@006) estimated Canberra households’
willingness to pay to avoid water restrictions dadnd respondents were unwilling to pay to
avoid low-level restrictions, including restrict®rihat allowed watering only on alternative
days. To have stage 1 or 2 restrictions rather shage 3, 4 or 5 restrictions, respondents were
willing to pay an average amount of $109, $130 $868 per year, respectively, given that
restrictions were applied once in every ten years.

The increase in benefit that results from a moreuise supply must be accounted for in
assessing the water supply option.

This study does not determine how stormwater héingevill impact upon the reliability of the
mains system or how it will impact on the frequencyeverity of water restrictions.
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5.1.9 Increase in local property and recreational/tourism values

Stormwater ponds can impact on the values of adjde&ad and other properties. Anecdotal
evidence suggests that land adjacent to a lakerat pttracts greater price compared to a block
where there was no lake. Establishment of stormwptends is also seen as critical in
increasing local recreational and tourism valuesweler, these values and benefits attributed
to a particular option must be considered on aremental basis — i.e. the difference between
the values when there was no stormwater pond éstpta) and when there was a pond should
only be accounted for in the analysis. Potentiafjatige values such as bad odour or
mosquitoes also need to be taken into account wragosing pond development.

No attempt was made in quantifying these impactdinancial terms because no local
recreational and tourism values specific to theallagite were available, however they are
accounted for in the TBL-MCA analysis (Chapter 10).

5.2  Alternative Approaches in Addressing Costs and
Benefits of Harvesting Options

Some of the values discussed above are subjectiveaalitative in nature. Their elusive and
non-market nature mean that determining the assacizost—benefit implications of different
options to society is particularly difficult. Nonarket valuation techniques such as ‘revealed
preference’ and ‘stated preference’ have recerdbnbapplied to estimate the value of goods
and services that are not commonly bought andisatthrkets.

Revealed preference is an approach that is usieiéntify the underlying preferences, and thus
demands of individuals, based upon the choices eaauals in their consumption. Revealed
preference methods include travel cost method a&ubriic price method. These methods are
generally preferred as they rely on real actioas pleople make and do not rely on hypothetical
situations (through subjective judgements) that bandirectly observed. However, these
methods can only be used where related marketedasts. Further, they can only be used to
estimate ‘use values’ and they are retrospectivdaclwHimits their usefulness for a
comprehensive cost—-benefit analysis that typiaatuires valuation of options that do not yet
exist, and of non-use values.

Stated preference methods are employed when tlialadata on behaviour with regards to
certain environmental goods or services does nist,exr where it is not possible to obtain
these values. This method is used to estimateeitigténce value' that individuals ascribe to
resources that they will never see. In this methndividuals are typically provided with
hypothetical scenarios, based on plausible outc@ndsoptions, and their choices are used to
determine the value of the environmental goods ewises in question. The contingent
valuation method and choice modelling are the keymples of this method. However, these
methods require carefully designed survey and sammrocedures and the employment of
sophisticated data analysis. Obtaining reliablerimfition requires a substantial investment of
time and resources and makes these methods veepgixp. The mere fact that these methods
are based on asking people questions, as opposdibéoving their actual behaviour is also a
source of controversy and creates doubts aboabikdy of the estimated values.
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6 IDENTIFYING LEAST COST SUPPLY-DEMAND OPTIONS

Identifying the optimal supply—demand combinaticasross Canberra is a very complex
problem. The number of possible supply—demand coatioins is most likely in the order of
tens of thousands, if not more. This is becausethee so many variables:

* 63 potential supply sites and 312 potential densited have been identified

e a supply could be constructed to meet any numbeleofands, including portions of
demands

« asupply—-demand option could also include mixingeafaimed water with stormwater
and/or aquifer storage

« the portions of reclaimed water / stormwater caryyvas does the style of aquifer
storage

- often the supplies are in series, meaning theyimgiact upon each other, and often a
demand could be met by multiple supplies

e a pond could also be constructed to a variety zdssdepending upon the volume of
demand to be met and the volumetric reliabilityuieed.

With so many competing variables, it is very diffiicto determine which supply—demand
combinations are best.

To help solve this problem, a process of modelling costing ‘generic scenarios’ was adopted
(Figure 5). The first step was to develop ‘gensgenarios’. Initially, they were limited to:

e Scenario A: Stormwater ponds

» Scenario B: Stormwater ponds with ASR

e Scenario C: Stormwater ponds with ASTR

* Scenario D: Ponds with stormwater and reclaimee@matiow

» Scenario E: Ponds with ASTR and stormwater anchireeld water inflow.

Lakes were not included as a scenario becauseifidegtoptimal supply—demand options
involving lakes was a much simpler process. Asldkes already exist, there was no need to
optimise lake volume for each supply—demand optioor, was it necessary to assume a
required volumetric reliability. Instead, a randesapply—demand options were modelled and
costed based directly on existing supplies and demacross Canberra (see Chapter 6.5).

ASR and ASTR are considered independently since 8ff#s season injection, whilst ASTR
offers opportunities for year-round injection, maki more productive use of Canberra’s
relatively uniform rainfall distribution.
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Sportsground aquifers were not included as a suermcause the limited geotechnical
information available means it is very difficult tdentify potential sites. To overcome this, a
generic scenario was designed and costed (seedCltap}.

For the remaining supply options, the scenariowias expanded to incorporate scenarios with
volumetric reliabilities of 85% and 95%, and mixstbrmwater-reclaimed water scenarios
where reclaimed water comprised 25% and 50% obwsl The resultant list was:

e Scenario Al: Stormwater ponds with 85% volumeteicability

* Scenario A2: Stormwater ponds with 95% volumeteicability

e Scenario B1: Stormwater ponds and ASR with 85%weluic reliability

* Scenario B2: Stormwater ponds and ASR with 95%meluic reliability

e Scenario C1: Stormwater ponds and ASTR with 85%metric reliability
» Scenario C2: Stormwater ponds and ASTR with 95%imetric reliability

e Scenario D1: Pond with 75% inflow from stormwat25% inflow from sewer mining
and 85% volumetric reliability

e Scenario D2: Pond with 75% inflow from stormwat25% inflow from sewer mining
and 95% volumetric reliability

e Scenario D3: Pond with 50% inflow from stormwat&®% inflow from sewer mining
and 85% volumetric reliability

e Scenario D4: Pond with 50% inflow from stormwat&®% inflow from sewer mining
and 95% volumetric reliability

* Scenario E1: Pond and ASTR with 75% inflow fromrstwvater, 25% inflow from
sewer mining and 85% volumetric reliability

* Scenario E2: Pond and ASTR with 75% inflow fromrstavater, 25% inflow from
sewer mining and 95% volumetric reliability

* Scenario E3: Pond and ASTR with 50% inflow fromrstawater, 50% inflow from
sewer mining and 85% volumetric reliability

¢ Scenario E4: Pond and ASTR with 50% inflow fromrstawater, 50% inflow from
sewer mining and 95% volumetric reliability

Each of these scenarios was then modelled forgerahoptions (Figure 5) that adjusted:
e inflow

« demand
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« demand clusters (i.e. the number of demands beipglied, see Chapter 3.3 for how
‘demand clusters’ were specified)

e distance between demand and supply
* height differential between demand and supply.

Information on the harvesting models, life cyclstiog method and costing data are outlined in
Appendix K and Appendix L. A rainfall run-off modelith a fraction impervious value of 0.3
was used (see Appendix C).

The values chosen for inflow and demand were Igobaked on the distribution of values
across Canberra. For example, the inflows of 80, 390 and 1400 ML/yr (i.e. 60, 250, 500
and 1000 hectares) roughly equates to the 20th, BOth and 95th percentiles of inflow into
the potential pond sites. The options for numbede&hand clusters (1-20), distances (up to
4000 m) and height (20—100 m) differential wereedeped in consultation with the technical

working group and based on sampling of real exasn@ad preliminary assessment of
economic feasibility.
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‘Scenario A: Stormwater Harvesting

‘Scenario B: Stormwater Harvesting & ASR

‘Scenario C: Stormwater Harvesting & ASTR

‘Scenario D: Stormwater Harvesting & Sewer Mining

‘Scenario E: Stormwater Harvesting & Sewer Mining & ASTR

SNOILdO

‘Demand (ML/yr): 10, 35, 100, 250, 500

‘Inflow (ML/yr): 80, 350, 700, 1400

‘Distance from Pond to Demand: 1000m, 2500m, 4000m

|
|
“Demand Clusters”: 1,2, 3,4,5,6,7, 8,20 ‘
|
|

‘Height differential, Pond to Demand: 20m, 50m, 100m

SO1vO

MODELLING & COSTING

-

N N .

Q Pipe Length & Diameter

CONCLUSION:
Detailed ASR and
sewer mining

Runoff Series ANALYSIS
Pond Area & Pump Size and analysis not
Volume Energy Consumption ’ .
Costing required

Compare outputs
of (3) with real
examples:
identify cheapest

options

Model and cost real
examples

Figure 5: Generic scenario analysis process

Scenarios Al, A2, C1 and C2 were shown to be tleampér style of supply (see later this
chapter and Appendix N). Mixing stormwater and a@oked water (scenarios D1-4, E1-4) was
shown to be cost effective where demand was lahgell circumstances ASTR was shown to
be preferable to ASR due to the assumptions reggndicovery efficiency and the ability to
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inject water all year round for ASTR and only dgrithe non-irrigation season for ASRRhe
Mt Painter hydrogeological province injection andraction rates were used for the generic
scenario modelling.

In order to determine which specific supply—demaptions across Canberra were cheapest,
the outputs of the A2 and C2 generic scenario nliadelvere compared to information on real
schemes. Outputs from scenarios D1-D4 and E1-E4 wet compared to information of
potential schemes due to time constraints anddagiformation regarding the sewer network.

The Al and C1 outputs were also not chosen bedhestechnical working group decided a
reliability of 95% was appropriate given there vimsguarantee the schemes would be backed
up by mains water and a high reliability is reqdite maintain the sportsgrounds. A scheme
with 95% reliability provides a much more securp@y during drought years (see Appendix
0O), however even at this reliability, many graspety could not be sustained. A reliability
higher than 95% was not considered as this cantteadcessive pond volumes and excessive
costs.

The first step in determining which actual realesols are likely to be cheapest was to develop
a database of ‘supplies’ and ‘demands’. The ‘s@gplin the database contained information
such as average annual inflow, available area éodpelevation level (in metres AHD) and
grid coordinates. The ‘demands’ in the databas¢agoed information such as average annual
demand, elevation level and grid coordinates.

The database was then used to filter which of tieaper ‘generic options’ corresponded to
real examples. For example, stormwater ponds fem&bo A2 are shown to cost between
$3.22 /kL and $3.41 /KL to supply a demand randnogn 10 ML/yr to 35 ML/yr where the
inflow is greater than 1400 ML/yr, the differenderh demand to supply less than 1000 m in
distance and 20 m in height (see table in Appemd)ix Options fitting these criteria were
identified and their indicative cost recorded. Thiscess was repeated until a sufficient list of
supply—demand options was obtained to easily nheeB (GL/yr target.

This resultant list of supply—demand options waantihemodelled and costed using specific
information, rather than the general values usetien'generic scenario’ process (e.g. specific
catchment areas, fraction impervious values, demardmes). A list of specific supply—
demand options, with their estimated cost was ttexeloped (a sample of results are shown in
Table 6 and Table 7).

This costing information was then compared with lddee costing information (a sample is
shown in Table 9) and a range of supply—-demandgiiot to meet 3 GL/yr were developed.
Further details on this process are provided inp@ar.

6.1 Stormwater Ponds

Stormwater ponds were shown to be a potentialhagtsource of water. Costs of ‘generic’
options were as low as $1.90 /KL in levelised destns. Options where the inflow / demand
ratio is high are the cheapest options (with theviso that the demand is high enough for
economies of scale to come into play). High inflamd low demand allows a small storage
pond while still achieving a high volumetric reliity. Stormwater becomes more expensive as
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a supply when the inflow is low and the demandigb hA very large storage, and hence, very
large cost is then required to supply water. Tliscept is demonstrated by Figure 6 which
shows levelised costs increasing as demand ine@bke 2030 climate series as described in
Chapter 2.1 was used for developing this graphcasts include add-ons as described by the
example stormwater pond calculation in Appendix P.

Inflow 1400 ML/yr, 1 Demand Centre

(2500 m between supply and demand)
$12.00

$10.00 /

$8.00 /

/ pd

N ————

——Pond 95% reliability ($/kL) ——Pond 85% reliability ($/kL)

Levelised Cost ($/kL)

$2.00

$0.00

0 100 200 300 400 500 600
Annual Demand (ML)

Figure 6: Pond costs with varying demand

Stormwater pond volumes, and hence cost, can bdisantly reduced by reducing volumetric
reliability. Figure 6 shows levelised cost versusmdnd for two ponds — one with a
requirement for 95% volumetric reliability and tbhéher for 85% volumetric reliability. The
85% volumetric reliability is significantly cheapergardless of the demand volume and is also
capable of meeting a much larger demand overais iEtsignificant when considering whether
mains water should be used to back up stormwateds0A reliability of 85% is probably
unacceptable to end users (such as sportsgrounde@courses) because the grass will die
very frequently with such a low reliability. Howavyéf the stormwater system were backed up

by the mains:
» reliability to the end user would be much higher

» the cost of the stormwater system would be sigmffily less

» the total amount of water supplied by the stormwatestem has the potential to be
greater because a larger number of end users campipéed (see Figure 6 — the 85%
reliability option can supply a maximum of 550 ML/whilst the 95% reliability
option can supply a maximum of only 340 ML/yr).

If the stormwater harvesting schemes in Canbemabeabacked up by the mains system, the
feasibility of stormwater harvesting is significgn¢nhanced.
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To determine which specific stormwater harvestiolgesnes could be developed in Canberra,
the cheaper options of scenario A2 were comparéuketpotential supply—demand options sites
using the supply and demand options identified lra@ers 3 and 4 (see Table 6 for some of
the cheaper possible options — without considenrigractions between the supplies). An

example costing of a stormwater pond option is shimmAppendix P.

Table 6: Cheapest stormwater pond supply—demand options for 95% volumetric reliability

Supply Demand cluster Demand (ML/yr) Levelised cost ($/KL)*

W2 Curtin 1 41.7 2.51

WC4 Holder/Weston 12.7 2.58

WO Government House 127.0 2.92
Curtin 1 41.7

WCO North Weston 34.3 3.16

W2 Deakin 3 88.9 3.19

WO National Zoo 317.5 3.23

WC4 Weston 17.2 3.29
Holder/Weston 12.7

B14 Florey 1 12.3 3.36

WC3 Weston 17.2 3.36
Holder/Weston 12.7

B2 Giralang 50.2 3.53
University of Canberra 28.6

B2 Giralang 50.2 3.60
McKellar 19.0

B2 Giralang 50.2 3.60
Crace 31.8

WC2 Holder/Weston 12.7 3.60

B14 Latham 25.4 3.74

WC9 Holder/Weston 12.7 3.87

Note #1: Cost figures include construction costriew ponds

6.2

Stormwater ponds in combination with aquifer steragre shown to be a comparatively cheap
source of water. ASTR, which in this case is assltoecomprise of one extraction well, was
shown to be preferable to ASR (one well for botfedtion and extraction) in almost all
circumstances. Stormwater ponds and ASTR in cortibimare generally more cost effective
than stand-alone stormwater ponds for scenarids 9% volumetric reliability and vice versa
for scenarios with 85% volumetric reliability (sedles in Appendix N for more information).

Stormwater Ponds and Aquifer Storage

Aquifer storage also has a likely environmentaldfitrover pond storage. Whereas ponds lose
water through evaporation, an aquifer harvestinges® ‘loses’ water to the surrounding
groundwater table (through mixing and/or advectige/). Advice has been provided (personal
communication, Ray Evans) that there is no losdep groundwater in the Canberra region —
the only ‘losses’ that occur are to the surroundgngundwater table. This study assumes
ASTR ‘loses’ 25% of water to the surrounding growater and ASR 50%. However, a well
designed system in appropriate geology may notdogewater at all. Even if there are ‘losses’,
they are much more likely to appear somewhere ielgthe system compared to evaporative
losses from ponds.
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Ponds and ASTR in combination were shown to behaa as $2.11/kL in life cycle costing
terms (Appendix N). Similar to stormwater pondsp@®ASTR was shown to be most cost
effective at times of high inflows and low demaiadsthis reduced the required size of the pond
(see Figure 7 below, which also shows the pond-A®tperforming stand-alone ponds for
almost all demand volumes for this scenario — imfled00 ML/yr, volumetric reliability 95%
and one demand centre). Figure 7 was developed asiimjection rate of 3 L/s and extraction
rate of 4 L/s as for the Mt Painter Volcanics hygiological province.

Inflow 1400 ML/yr, Volumetric Reliability 95%, 1 De mand Centre
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Figure 7: Pond-ASTR costs with varying demand

Although the pond-ASTR is cheaper than the standealpond, a stand-alone pond has a
greater maximum supply for a given inflow (see Figid where the pond-ASTR option can
supply a maximum of 320 ML/yr and the stand-alopadoption can supply a maximum of
340 ML/yr). The stand-alone pond option can provadgreater volume because a pond-ASTR
option requires water in addition to demand atehd use to account for losses in the aquifer
(25%). It has also been assumed that all aquiféormpwill supply 100% reliability to the end
use, as the operator will be unsure at any givememb in time whether they are drawing from
injected water or ‘natural’ groundwater. To enstirere is no net loss of natural groundwater
over the modelling period, extra water must be Baggrom the pond to the aquifer to account
for the less than 100% volumetric reliability betme pond and aquifer. Under these
assumptions, the stormwater pond can thereforaqe@vgreater demand for a given inflow. It
must be noted that given different assumptionshsag 0% losses from the aquifer, this
statement will not hold.

The reason a pond can provide more water for angilemand than pond-ASTR, given the
assumptions of this study, is probably best expliby the following example. If a user is
requesting 10 ML/yr for irrigation the demand a #nd point, g poin: iS therefore:

Dend point= Demand of end user = 10 ML/yr

36



IDENTIFYING LEAST COST SUPPLY-DEMAND OPTIONS

Given an assumed 25% loss from the aquifer, thenmim amount of water flowing from an
aquifer annually, Qs iS:

Qaquier = Amount of water extracted from aquifer annually
Qaquifer= Dend point/ (1'025) =13.3 ML/yr

If the volumetric reliability between the pond aaqluifer is 85%, the average annual volume of
water to be delivered from the pond to the aquifsds to be:

Qpond-aquiter= Amount of water extracted from pond and injedted aquifer annually

onnd—aquifer= Qaquife/(0-85) =157 ML/yI’

The above equations show why a stormwater pondgpply more demand than a pond-ASTR
combination for a given inflow. For a 10 ML/yr denth the pond is required to supply 15.7
ML/yr for a pond-ASTR option, but only 10 ML/yr f@ stand-alone pond option.

The reasons ASTR outperforms ASR is perhaps bestrided by Figure 8. It shows the
components of a present value cost for an exanfdl@mdemand clusters, 700 ML/yr inflow
and 35 ML/yr demand. The primary reason ASTR pemfobest is the cost of the pond. ASTR
(scenarios C1 & C2) can manage with a smaller poschuse it is assumed water can be
pumped continually from the pond to the aquifeptiyhout each year. This compares to pond-
ASR (scenarios B1 & B2), where it is assumed wasgmot be pumped from pond to aquifer
during the irrigation season. Consequently, a laaad is required to ensure reliability targets
are met. Stand-alone ponds (scenarios Al & A2) p&sform better than pond-ASR because
they can pump directly from the pond during theyation season.

2 demand clusters, 35 ML/y demand, 700 ML/y inflow Energy
40
B Pump
35 Replacement
. - B Pump O+M
=
&8 30 —
g Pump Capital
925 _
S H Pipe O+M
)
o 20 . .
5 Pipe Capital
g —
= 15
g . M Bore
% 0 Replacement
a — e Bore O+M
E EE ——
S B S r m Bore Capital
- .
0 H Pond O+M
Al (85%) A2 (95%) B1 B2 C1 Cc2
(85%/100%) (95%/100%) (85%/100%) (95%/100%) Pond Capital
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Figure 8: Comparison of present value costs between pond and pond-aquifer scenarios
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Pond-ASTR also has an advantage over stand-alomsgdoom a pond size, energy, pipe and
pump cost perspective. Pond-ASTR has a constanpipgmate from pond to aquifer — this
limits the size of peak flows and the pipes, puapd energy costs are consequently less than
for stand-alone ponds. Pond size is also reduceduse the aquifer is charged all year round,
whereas in the case of stand-alone ponds, pumpitygoocurs during the irrigation season. In
effect, the pond-ASTR scheme is advantaged by ftigfex being a cheap storage in
comparison to a pond.

Stand-alone ponds can provide the necessary sttoalgarvest water and make it available,
particularly in a climate such as that found in B=ma. The advantage that subsurface storage
via ASTR provides is that it diminishes the sizetlud pond, while maintaining reliability of
supply. This comes at the cost of bore infrastmecnd means stand-alone ponds are cheaper
in circumstances where only a small pond is regu(eeg. high ratio of inflow to demand or
low volumetric reliability) or where there are madgmand clusters (and hence, many bore
sites). In other circumstances, pond-ASTR will beaper. In the example shown in Figure 8,
the stand-alone pond option (Al) outperforms theds@STR option (C1) at a low reliability
(85%), but at a high reliability (95%) the reveise¢rue (C2 outperforms A2).

Each of the pond-ASTR options (C1 & C2) have nolos$ of ‘natural’ groundwater over the
modelling period, however C2 uses ‘natural’ grouatkw less frequently. The only difference
between the options is that the volumetric religgbifrom pond to aquifer is 85% in C1 and
95% in C2. A larger pond and therefore greater pzaqtal, operation and maintenance costs
are required for C2.

Table 7: Cheapest stormwater pond-ASTR supply—demand options for 95% volumetric reliability

Potential for aquifer Demand Levelised cost
Supply |Demand cluster storage (ML/yr) (B/kL)
W2 Curtin 1 High 41.7 241
WO Yarralumla 5 High 295.3 2.55
B2 Giralang Moderate to high 50.2 2.65
WO Government House High 127.0 2.75
National Zoo High 317.5
WO Government House High 127.0 2.78
Yarralumla 5 High 295.3
W2 Curtin 1 High 41.7 2.92
Curtin 2 High 15.6
NC9-11 | Ainslie Moderate to high 41.3 3.33
B2 Giralang Moderate to high 50.2 3.46
Crace Moderate to high 31.8
WCO National Zoo High 317.5 3.53
NC18 Lyneham 1 Moderate to high 40.6 3.74
Gungahlin Cemetery Moderate to high 95.3
Note #1: Cost figures include construction costrfew ponds

Without considering interactions of options (i.ehether or not supplies are in series or
whether demands could be met by multiple suppls&s)ye of the cheaper pond-ASTR options
can be seen in Table 7. An example modelling, deaigd costing of a stormwater pond is
shown in Appendix P and an ASTR option in Apperigixt should be noted that the breadth of
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options for ponds-ASTR was less than stand-alonedgobecause in some areas the
hydrogeology is considered unsuitable for ASTR.

6.3  Stormwater Ponds and Sewer Mining

Stormwater ponds in combination with reclaimed wditem sewer mining were shown to be
favourable in circumstances where the ratio ofowflto demand was low. In circumstances
where this ratio is high, the extra infrastructoequired (i.e. a sewer mining plant) does not
produce enough benefits. When this ratio is low,ldbnefit of steady, secure inflow outweighs
the extra cost of the infrastructure. The cheageseric options modelled were $4.32/kL in
levelised cost terms, which compares to the chegoerd and pond-ASTR options of
~$2.40/kL (Table 6 and Table 7) (see Appendix L tfog method and data used to estimate
Cost).

Mixing reclaimed water with stormwater is unfavdoieawhen demand is low because the cost
of reclaimed water is similar or more expensiventteiormwater (Table 8). Favourable
economies of scale (i.e. large quantities of wadeg)required for sewer mining to be a similar
price to the cheapest stormwater options. The Bigpknt flow considered in this study, 4
ML/day (1.5 GL/yr), is required to produce similemsts to the cheapest stormwater options
(Table 8).

Table 8: Estimated cost of providing reclaimed water from sewer mining (source: Wayne Harris courtesy
of Aquatech Maxicon)

Plant flow (kL/day) | Levelised cost ($/kL)
100 6.04
300 4.24
1000 3.09
4000 2.17

When inflow is high and demand low, much of the evgbroduced by sewer mining in a
combined sewer mining-stormwater scheme will becoetzindant. Despite costs as low as
$2.17 /kL for producing the reclaimed water (TaBle much of it will accumulate in the
harvesting pond and either evaporate or spill theodownstream waterway. Only a portion of
that water will actually be used to supply an itign scheme. In order for a combined sewer
mining and stormwater scheme to be cost competiivhigh ratio of demand compared to
inflow is required.

Reclaimed water has the advantage over stormwéteorsstant supply, which means it can
more easily meet higher volumetric reliabilitielstHe user requires a highly reliable supply, or
the ratio of inflow to demand is low, reclaimed aatnay become more cost-effective than
stormwater (see Figure 9 which shows that stormwiatecheaper for lower demands, but
combined sewer mining-stormwater schemes are chéapeigher demands).
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1050 stormwater inflow ML/y, 350 ML/y reclaimed inf  low
Volumetric Reliability 95%, 1 Demand Centre
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Figure 9: Comparison of stormwater-reclaimed water mixing with other supply options

Costs for sewer mining in this study do not remthe ‘necessary’ cost of treating reclaimed
water further downstream. Presumably, treating geved a sewer mining plant will reduce the
load on the Lower Molonglo treatment plant and leereduce its operational costs and delay
the need for an upgrade. It is arguable whetherabst (which has not been quantified in this
study) should be removed from the sewer mining.cbbts benefit needs to be taken into
account before conclusions are drawn. It could bésargued there is a similar ‘necessary’ cost
for stormwater harvesting (i.e. the function stomwv ponds perform in improving water
quality that alleviates the need for further wagensitive urban design measures.)

Although some potential exists for mixing stormwadad reclaimed water and storing it in
ponds, no further investigation has been undertddethis study. This was primarily due to
time constraints, lack of resources and lack o dedther than because it lacks potential. The
generic costing options indicate it is more expemshan stormwater options in circumstances
of low demand and high inflow, but that it is mudteaper in circumstances of high demand
and low inflow. The concept could also be adoptedltow marginal or borderline stormwater
schemes to become viable.

Sewer mining also has the potential to reach demdrat are not feasible or very expensive to
reach from stormwater or lake harvesting schemexn®vater harvesting is only feasible
where there are sufficient inflows and land avddator capture and storage. Sewer mining
may therefore be feasible in some locations whiemensvater harvesting is not.

It is recommended that further investigations anelamtaken to coordinate the planning of
stormwater harvesting and recycled water schemesewlAGL has already developed a
recycled water strategy for Canberra (ActewAGL 200&hich recommended centralised
recycling from Lower Molonglo Water Quality ContraCentre and Fyshwick Sewage
Treatment Plant in preference to sewer mining plaAttewAGL stated that sewer mining
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plants,although feasible ...have...substantially higher capital and operating cogtart the
network of pipes and a single source of recycleteiva

Notwithstanding the recommendations of ActewAGLQR2)) this report is suggesting sewer
mining may have potential in Canberra. The above analysiswshdhat in limited
circumstances, a stormwater harvesting scheme c¢edltte costs by combining with a sewer
mining scheme. Whether these limited circumstampeesent themselves is unknown, because
the modelling and costing involving sewer miningtims study was limited to hypothetical
examples.

6.4  Stormwater Ponds, Sewer Mining and Aquifer Storage

Similar to stormwater-sewer mining (SSM) schemasnswater-sewer mining-ASTR (SSMA)
schemes were also shown to be favourable wherertkemahigh and inflow is low. In such
circumstances, SSMA schemes comfortably outperfdrf®M schemes. The cheapest
levelised cost from the generic scenarios was $&I5%vhich compares to $4.32 /kL for SSM
and around $2 /kL for the generic stormwater andhstvater pond-ASTR options.

Schemes that have large demands and low inflowsgpeopriate applications for combined
stormwater-sewer mining-ASTR schemes (see Figur®rl@n example of 1400 ML/yr inflow
(25% from sewer mining), one demand centre and lametric reliability of 95%, the cost
SSMA is cheaper than SSM for all demands). Staodeastormwater or pond-ASTR schemes
are cheaper for lower demands.

1050 stormwater inflow ML/y, 350 ML/y reclaimed inf  low
Volumetric Reliability 95%, 1 Demand Centre
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Figure 10: Comparison of stormwater-ASTR-reclaimed water with other supply options

Combining stormwater, sewer mining and ASTR offgesiuine potential for least-cost water
harvesting in urban Canberra. It will not be theayest supply option in all circumstances, but
it will be very cost-competitive in circumstanceds o
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« high demand and low inflow
* high volumetric reliability requirement and
e limited pond area.

Storing reclaimed water in an underground aquifenot possible at this time in the ACT
because existing legislation and proposed legislathanges make no provision for reclaimed
water to be injected into aquifers. Future legistatchanges may consider this aspect when
more detailed science addresses real and perogsksd

Sewer miningnayhave potential in Canberra (see also Chapter 6t .above analysis shows
that inlimited circumstances, a stormwater harvesting schemel cedlice costs by combining
with a sewer mining scheme. Whether these limitedumstances present themselves is
unknown, because the modelling and costing invghdgewer mining in this study is limited to
hypothetical examples.

This study has investigated hypothetical rathen thecific schemes involving a combination
of stormwater harvesting, sewer mining and aqusterage. Sewer miningiay have potential

in Canberra (see also Chapter 6.3), however fuitharstigations are required. ActewAGL
(2008) suggested centralised recycling would beygéethan sewer mining, but the potential
of combining sewer mining with stormwater harvegthithemes was not considered. This study
iIs recommending a further study be undertaken ¢odinate planning of stormwater harvesting
and recycled water schemes. Such a study shoutd calssider stormwater-sewer mining-
ASTR options.

6.5 Lakes

Many supply—demand options were considered whemrxesting pond or lake was the supply.
Generally, any demand located within 4 km of a plakeé was modelled and costed (see
Appendix C and Appendix K for a description of thedelling models and data). An allowable
drawdown limit of 1 m was assumed. Life cycle aogtivas undertaken as per Appendix L.

Existing ponds and lakes were shown to be a veeaglsource of water in comparison to
stormwater ponds. This is largely due to pond cf=iastruction, operation and maintenance)
not being included in the cost of harvesting ay thleeady exist. The only costs included in
this analysis are piping and pumping. Some lakss bénefit from very large inflows, often
from beyond the urban area, and are also very Istgages. Lakes such as Ginninderra and
Tuggeranong can almost be considered as mini-r@senGiven they have plentiful inflows,
plentiful storage and no costs associated withagmithey are much cheaper in comparison to
new stormwater ponds.

Without considering interactions of options, somfetle cheaper possibilities for lakes
supplying demands are shown in Table 9.

Remediation works on the edge of lakes may be redtii lakes are allowed to be drawn down
by 1 m. Plants that are capable of withstandingeg@ral conditions may be required, as may
works on jetties and landscaping. Costs of suchiéedlorks’ have not been included in this
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analysis, following technical working group discoss. These costs are difficult to estimate at
the conceptual design stage but are likely to beomi

Table 9: Cheapest lake options (greater than 95% volumetric reliability)

Levelised cost Irrigation area Demand
Supply name Demand cluster ($/KL) (ha) (ML/yr)
Yerrabi Pond Gungahlin Lakes 0.24 225 142.9
(pipe 1)
David St O'Connor/Turner 0.34 3.9 24.5
Wetland
Yerrabi Pond Gungahlin Lakes 0.48 22.5 142.9
(pipe 2)
Lake Belconnen 2 0.51 35 22.2
Ginninderra
Lake Belconnen 3 0.58 1.6 10.2
Ginninderra
Nicholls Pond Gold Creek 0.61 5.2 30.8
(meet partial demand)
Lake Greenway 1 0.65 8.5 53.9
Tuggeranong
Lake Belconnen 1 0.68 2.8 17.8
Ginninderra
Gungahlin Pond | Gungahlin Lakes 0.78 22.5 142.9
(pipe 1)
Lake McKellar 0.78 3 19.1
Ginninderra
Lake Giralang 0.92 7.9 50.2
Ginninderra
Point Hut Pond Gordon 1.09 4.3 27.3
Lake Kambah 4 1.12 14 88.9
Tuggeranong

To provide an indication of the expected changekle levels, an example involving Lake
Ginninderra is presented. The current regime whake Ginninderra is not used for harvesting
was modelled. This was compared to using Lake @dwtra to supply 1 GL/yr to surrounding
demands and using a number of ponds upstream fys6H0 ML/yr of demands (as per the
master plan developed in Chapter 7). The 2030 tdirsaries (see Chapter 2.1) was used, as
were the rainfall run-off and harvesting modele(8@pendix C and Appendix K).

Under the current regime of no harvesting, the ayemvater level is 0.06 m below top water
level; the minimum level over the 65-year simulatigeriod is 0.76 m below top water level
and the daily standard deviation is 0.1 m. Under ‘froposed regime’, the corresponding
numbers are 0.18 m and 1.32 m below top water leiél a standard deviation of 0.27 m.
Water levels will therefore drop on average 0.1Rnder the proposed regime, and the lowest
anticipated level will be 0.56 m less. Discussianith those responsible for maintaining the
lakes are required to determine whether this ndatss edge-works.
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6.6  Sportsground Aquifers

To demonstrate the potential of sportsground argjifea scheme (Figure 11) was
conceptualised, designed and costed. The schemarisest

e diversion weir and pump

e pipe to transfer water from weir to infiltratioretrch

infiltration trench covered by a swale
* recovery pump and
e pipe from well to fields.

Design and costing details are shown in Appendikhie principles for sportsground aquifer
design could also be applied to ‘shallow alluviguders’ as they are essentially the same

concept.

Diversion weir &
extraction pump

Water infiltrates into

Water infiltrates into SuroUnTing:, aquifer

surrounding “aquifer”

2

Sportsground of 9000 m? Sportsground of 9000 m

oo yuaiuonen Ul reme L

youali| sjuojusg

Extraction Pump

Connects to spoftsground
jrrigation system

Bentonite Trench

Figure 11: Sportsground aquifer example

The present value cost for a sportsground aquifeerse is anticipated to be $310 000 which
equates to a levelised cost of $2.34 /KL (Table C@pital costs, not including contingencies
and other add-on costs, are estimated to be $125.0@m soils were assumed. This is a
conservative assumption as soils with greater ldraonductivity (e.g. sandy gravel, sandy
loam) would require a lesser trench size. The cafstise pipes and pumps are also
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conservative as they are based on ACTEW’s estimafiar pressurised residential water

supplies rather than irrigation systems.

Table 10: Indicative costs for sportsground aquifer

Allowance Cost
CAPITAL CONSTRUCTION COST (%) (%)
Weir structure and litter screen / pumping well 5000
Pump from diversion 8 000
Rising main / transfer pipe 10 875
Infiltration swale (80 m, 2 m wide, 3 m deep) 84 469
Recovery pump 12 556
Pipe from well to fields 3625
Subtotal 125 000
Including allowances Allowance (%)
Contingency 30 37 500
Consultant design & supervision 20 25 000
Special investigations 20 25 000
Subtotal 212 500
Insurance 0.6 1275
Administration-procurement solutions 4 8 500
TOTAL 222 275
Total capital cost (rounded) ($) 20 000
REPLACEMENT COSTS
Diversion pump 4790
Swale 32 844
Recovery pump 7518
Subtotal 45 153
Contingency, administration & procurement 30 13 546
Total PV replacement cost 58 698
OPERATION & MAINTENANCE COST
Annual pump cost (assumed 1.5% of capital) 308
Annual weir and litter screen cost (assumed 1.5% of capital) 75
Annual infiltration swale cost 401
Annual energy cost 516
Subtotal 1 300
Allowances (contingency 10%, design & supervision 12%,
administration & procurement 8%) 30 390
Total annual O+M 1689
Total PV O+M cost 24 876
TOTAL PV PROJECT COST 305 849
ROUNDED TOTAL ($PV) 310 000
LEVELISED COST ($ /kL) 2.34 per kL
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Given the affordable life cycle cost and consemeatipproach used in costing, sportsground
aquifers can be considered feasible as water st@ad supply options. The challenge now is
to find appropriate sites.

No further analysis has been undertaken into spranteid aquifers as part of this study, as the
resources for doing so are not available.

A short report prepared by lan Lawrence (eWater &1 Ray Evans (Salient Solutions)
which was used for informing this report is incldda Appendix H.

6.7 Summary

Modelling hypothetical supply options provided cleat conclusions:
i.  existing ponds and lakes are the cheapest wayrtestavater in urban Canberra

ii.  stormwater harvesting is generally cheaper thanmstater-ASTR options for 85%
volumetric reliability

Iil. stormwater harvesting-ASTR is generally cheapen s$tand-alone stormwater ponds
for 95% volumetric reliability

iv.  ASTR is preferable to ASR given the assumptiongsetbfor this study (it should be
remembered there will be significant variation @écaovery efficiency on a case-by-case
basis, so in some cases, ASR may be preferable)

v. combining sewer mining and stormwater harvestingeswes is preferable where
demand is high and inflow low; adding reclaimed evdrom sewer mining is also
capable of making marginal stormwater harvestingesws viable but, injecting
reclaimed water into aquifers in the ACT requirealding legislation; further work is
required to quantify risks / management measuras rtiay enable treated effluent
‘reclaimed water’ being stored in aquifers

vi. a combined stormwater-ASTR-sewer mining schemepbtential to be cheaper in life
cycle cost terms than a stormwater-sewer miningreeh

vii.  combined reclaimed water-stormwater schemes (ifmeduthose with aquifer storage)
are much more capable of meeting very large demandemparison to stand-alone
stormwater schemes

viii. sportsground aquifers have the potential to be rapeoatively cheap storage and
supply option.

It can be concluded that the ideal harvesting swiubr urban Canberra will involve a mixture
of existing lakes, new stormwater ponds, aquiferagie and sewer mining. In some cases,
combining sewer mining with stormwater harvestirity be beneficial.

The outputs of this modelling process have beerldped into a decision-making tree (Figure
12). This decision-making tree is another way @iresenting the modelling results shown in
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Appendix N. It shows that there is no single salatithat will be cheapest in every
circumstance, but rather all options need to besidened. Use of existing lakes and ponds
should first be considered as they are potentthklycheapest solution, however if supplying a
demand is constrained by lack of nearby stormwiers or an appropriate pond site, sewer
mining and aquifer storage will need to be consder

The results emanating from the modelling descrilethis chapter were used to develop a
master plan of supply—demand options to achieleaat 3 GL/yr (Chapter 7). The master plan
considered new stormwater ponds, aquifer storageeaisting lakes / ponds. Sewer mining
was not considered due to lack of resources arel¢onstraints.
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YES

Is there a suitably large

Supply from EXISTING POND/

existing pond/lake nearby?

y NO

YES

Will aquifer storage allow
the scheme to be viable?

Is pond size and/or
volumetric reliability a
limiting factor?

JNO

YES

Is there a suitably large
stormwater flow and pond

site? yYES

Is province suitable for

NO M MAR?

Is there a suitably large

1

LAKE

N

Supply from EXISTING POND/
LAKE in combination with ASTR

NO Supply from NEW STORMWATER
POND

N

YES Supply from NEW STORMWATER
POND & ASTR

wastewater flow and
potential sewer mining site? NO

NO SUPPLY POSSIBLE

Supply from SEWER MINING &

YEsi YES

Is pond size and/or
Can a stormwater source No P

be used to reduce costs? L
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volumetric reliability a

YES Supply from SEWER MINING,
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NEVANZANGANE VAN 7

Note: This is only a guide. A decision making tree will vary depending upon site specific
factors such as required reliability and hydrogeological province

Figure 12: Least-cost decision making tree
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7 DEVELOPMENT OF MASTER PLANS

'Master plans' are preferred portfolios of stornewegupply-demand options. The study has
developed three master plans: Master Plan A, Mddter B and Master Plan C. This chapter
describes development of all three master plans.

7.1  Master Plan Development Methodology

Master Plan A was developed first, using aquiferagie, new stormwater ponds and existing
lakes/ponds as supply options, subject to thevidtlg constraints:

» distance between supply and demand being lesitkam(as outlined in Chapter 6)

e volumetric reliability being 95% or greater (pardereviii, Chapter 2 and discussed in
Chapter 6).

The estimated total supply volume for Master Planudder 2030 climate conditions is
estimated to be 4.4 GL/yr. A value of 4.4 GL/yr wamnsidered appropriate (rather than 3
GL/yr as per the goal of this project) because:

« some of the options may not be viable (e.g. detaglegineering investigations may
indicate that aquifer storage may not be viableyedaunidentified heritage issues may
prevent pond construction, there may not be comiypusipport for the site, or
‘hidden’ costs such as rock excavation may be tledegpon detailed investigation)

* irrigation may be met by other non-potable suppsesh as reclaimed water from the
Lower Molonglo Treatment Plant

e users may not be willing to pay for connection st@mwater harvesting scheme

e a relatively high demand was used for evaluating diptions, and the higher the
demand volume, the less supply—demand optionsnextjto meet 3 GL/yr.

Each of the options was modelled with a demand.8b 61L/ha/yr. This is greater than the
currently allocated value (5 ML/ha/yr, ACT Goverrmh@007) to account for climate change
impacts (see Chapter 3.2). Improvements in irrigragiractices could also reduce demand.

Master Plan A was developed on a least-cost basig the following process:
1. The cheapest supply—demand option was selected.

2. The impact of the option selected in (1) on alreselected options was tested (e.qg. if
the option was upstream of an already selectecbmpthe impact on the already
selected option was tested). If the cumulative tamithl cost (i.e. the cost of the
selected option in (1) plus the cost of the impatalready selected options) was less
than the next cheapest supply option, it was atiuiéue list.

3. Steps 1-3 were repeated until no more optionsnditthe distance (4000 m) and
volumetric reliability (95%) criteria were availabl
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The resultant portfolio or Master Plan A is shownTiable 11. A corresponding map is
presented in Appendix Q. The total capital costsiapplying the 4.4 GL/yr is estimated to be
$154M with a levelised cost of $3.02/KL.

Development of Master Plan A was completed in ni@& On development of Master Plan A,
however, information not available at the commereanof the study regarding potential users
of the harvested water (i.e. end users) becaméabiai It was discovered that many end users
considered in the analysis included those alreadi by non-potable water supplies such as
Lake Burley Griffin, groundwater and the proposemttN Canberra Effluent Reuse Scheme.

In light of the new information, a review of potietend users considered for the analysis was
undertaken in mid 2008 by the technical workingugroThe outcome of the review was a
revised list of potential end users of stormwatarvisting (see Appendix V). The most
sensitive variables for identifying the cheapestcstormwater harvesting options include
location of end users and the volume of water neéddemeet each end use to a specified
volumetric reliability. Therefore, any changes twleusers in terms of their location and the
demand water volume has a considerable impactetettelised cost of individual options and
the options selected to be included in a portfaionsequently, the revised list of end users
and demand volumes meant the stormwater harvespitigns included in Master Plan A might
no longer represent the cheapest financial cogtrmpat 95% volumetric reliability.

To incorporate the new information into the stuthge process for the development-preferred
portfolios was repeated for the revised list of esdrs and two new portfolios were developed
(named as Portfolio B and Portfolio C or MastemPBaand Master Plan C). Master Plan B was
similar to Master Plan A in terms of volumetric plypreliability (i.e. 95%), but included new
information on potential users of stormwater. Theoxid portfolio — Master Plan C — included
least-cost stormwater harvesting options with aimmim of 85% volumetric supply reliability.

Since Master Plan B includes latest information tha potential users of stormwater, it

supersedes Master Plan A. Hence Master Plans ECagttbuld be treated as outcomes of this
study. The Master Plan B and C are shown in TaBlearid Table 13 below. Corresponding

maps are presented in Appendices W and X.

Total present value cost of Master Plan B is $17®kich comprises of $141M capital, $33M
operation and maintenance and $3M replacement.cbiséscollective average annual supply
of harvesting options included in this Master Pigr8.3 GL/yr, which equates to a levelised
cost of $3.67/KkL.

Total present value cost of Master Plan C is $150kl 85% reliability portfolio), which
comprises of $120M capital, $27M operation and mesance and $3M replacement costs. The
collective average annual supply of harvesting antiincluded in this master plan is 3.5
GL/yr, which equates to a levelised cost of $2.B4/kKhe 85% reliability master plan was
cheaper because the required pond volume is mssictampared to pond volumes of the 95%
reliability master plan.

The financial cost figures include construction tsor new ponds and add-on costs for
contingency, administration, procurement, insurasite investigations and consultant design
and supervision. In general, in each of the magsters, the new pond costs comprise roughly
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50% of total costs. Inclusion of construction cofds new ponds as part of the total cost
however is, debatable because construction of ¢ine gan occur regardless of any harvesting
scheme due to ponds (or some other form of watesibee urban design such as wetlands)
may be necessary to reduce contaminant loads anckade velocities in downstream
waterways. In addition, some of the ponds are alseady funded (e.g. WCO, aka North
Weston Pond; NC18, aka Flemington Rd and PointRdurd), so further capital funding is not
necessary. Hence we have estimated levelised €édstreesting without pond construction
costs (i.e. by including only harvesting infrastire such as the pipes and the pumps) for
Master Plans B and C: $1.70/kL and $1.61/kL respelgt

Including some sewer mining with these schemes aisyreduce cost. The constant supply of
reclaimed water from sewer mining means that tlgglired pond size can be reduced, which
can significantly reduce the cost of the scheme.

All master plans are dominated by supply optionsifexisting lakes and ponds, especially the
larger lakes with large catchments such as Tuggegarand Ginninderra. As has been

mentioned previously, lakes are a cheaper supplyceosimply because there is no pond
construction cost. If a demand is located closant@xisting pond or lake, the cheapest supply
source will almost certainly be from that pond/lake

Stormwater ponds in combination with ASTR are galtgthe next cheapest form of supply in
levelised cost terms, which is due to the critefié®d5% volumetric reliability. If the criteria
were for 85% volumetric reliability or less, diresipply from stormwater ponds would have
been more prominent. However, significant uncetyainith ASTR feasibility exists in the
ACT, which would impact these options.

Sewer mining has also not been considered in thieloj@ment of the master plans. If it had, it
would have been likely to feature given the highuaeetric reliability required (but it may not
have featured if the criteria were for a lower voatric reliability).

Stormwater ponds feature in the master plans imtioes where aquifer storage is not
considered practical and where demands are loedtmty distance from existing lakes / ponds.
It is also common that there is a high ratio betwiedlow and demand, as this is important in
reducing the required pond size and hence keepistg tow.

7.2  Comparison of Master Plans A and B

The overall cost of Master Plan B has increasedeulised cost per unit volume terms
compared to Master Plan A (i.e. Master Plan A mae\eerall levelised cost of $3.02 /kL, while
Master Plan B has an overall levelised cost of B&®&). Costs have increased because there
are less available demands in the revised list @krgial end users of stormwater (see
Appendix V), which means many of the cheaper suppljons in Master Plan A have become
no longer valid for Master Plan B.

The reduced number of available demands has alsmtntkee total harvestable volume has
decreased. Master Plan A predicted 4.4 GL/yr chacharvested, whilst Master Plan B now
predicts only 3.3 GL/yr. Once again, this reducti®ualue to the demands which were removed
from the revised analysis, not because of the abviitly of stormwater.
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The individual supply—demand options that comph&ester Plan B have also changed. The
supply options included in Master Plan B that waseincluded in Master Plan A are:

* Lower Stranger Pond (Tuggeranong, downstream ofeUgiranger, upstream of
Central Murrumbidgee)

¢ NC14 (Dickson, North Canberra)

« WC20-1 (Stirling Playing Fields, Weston Creek)
e WC17 (Waramanga, Weston Creek)

W26 (Mawson, Woden Valley).

Many of the supply options included in the both MasPlans A and B supply different
demands. Some of the more notable changes in MRlsteB are:

* Yerrabi Pond: has dropped Gungahlin Lakes and Amamod uses — overall the
demand has decreased

e Gungahlin Pond: has dropped Gungahlin Lakes end amsk added Yerabbi and
Amaroo and others changed volume

e Point Hut Pond: has dropped Calwell 1 end use
« W2: has added Deakin 4 and Hughes end uses — bapralcrease in demand

* WO: dropped Yarralumla 5 and Government House witialas discovered are already
supplied by Lake Burley Griffin — in the currentaplit supplies National Zoo, Deakin
1, Deakin 2, Yarralumla 4 and Yarralumla 3. — ollexalecrease in demand

+ NC18: added Downer and Watson demand clusters,\letiee estimated demand for
Mitchell and Lyneham 1 reduced significantly.

Nicholls Pond and Isabella Pond, which were inctude Master Plan A, are not included in
Master Plan B (as they already supply the end «s&ygested by Master Plan A).

7.3  Comparison of Master Plans A and C

Many differences also exist between Master Planeé\ 95% reliability portfolio) and Master
Plan C (i.e. 85% reliability portfolio). Some ofeise differences are due to the different
objectives (i.e. 85% versus 95% volumetric reliidiei), while some are due to the different
available demands. Some of the more notable diftea®g in Master Plans A and C are:

e Master Plan C includes supply options of B1 (KaleBalconnen), Lower Stranger
(Tuggeranong, downstream of Upper Stranger), W2&whbn, Woden Valley),
WC20-1 (Stirling Playing Fields, Weston Creek), WQWaramanga, Weston Creek)
and WC9 (Weston, Weston Creek), but these optimmaat in Master Plan A.
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* Nicholls Pond and Isabella Pond are not includedMaster Plan C, but are included in
Master Plan A.

7.4  Next Steps

The next step of the methodology (see Chapter i) &ssess TBL performance of the master
plans. As mentioned earlier in this chapter, MaBtian A was developed first in early 2008
and key stakeholders of this study agreed to censics the preferred portfolio of stormwater
harvesting. Accordingly, TBL performance assessnfeat ecological impact, social impact
and multi-criteria assessment) was undertaken ostévi@lan A during January to July 2008
(see Chapters 8, 9, 10 and 11 for a descriptiadheoprocesses followed and results of the TBL
assessment on Master Plan A).

The emergence of new information on the potentiséruof stormwater harvesting on
completion of the TBL analysis in mid 2008 had niethiat revisions were required for both
Master Plan A and its TBL assessment. The CSIRG@@réeam agreed to revise Master Plan
A and developed two new master plans, but duemitdiions in availability of time and
resources, further analysis of TBL performance sssent of new master plans could not be
undertaken (i.e. Steps 6 and 7 of the methodoleggribed in Chapter 1 were not repeated for
Master Plans B and C). Chapters 8 to 11 can betosgaluge these impacts related to the new
master plans, but caution should be used becaasaldwn levels, pond volumes and demands
placed upon the ponds have changed and will infleehese impacts (particularly ecological
impacts).
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Table 11: Supply—demand options included in Master Plan A

Potential
for Total life Levelised Levelised Estimated Volumetric
Supply aquifer cycle cost cost cost without Capital pond Irrigated Demand | reliability Supply
name Type storage Demand $) ($/kL) pond ($/kL) cost ($) area (m? area (ha) | (ML) (%) (MLYy)
Yerrabi Existing N/A Gungahlin 486 000 0.24 335 000 225 142.9 98.1 140.2
Pond pond Lakes® - -
Amaroo 1181 000 1.43 - 982 000 - 9.1 57.8 98.1 56.7
Throsby 1758 000 2.44 — 1 555 000 — 8.0 50.8 98.1 49.8
Gungahlin Existing N/A Gold Creek” 3343 000 0.98 - 2 361 000 - 39.9 253.0 95.9 242.6
Pond pond Crace 591 000 1.39 — 493 000 — 5.0 31.8 95.9 30.4
Nichols 839 000 1.49 - 696 000 - 6.6 41.9 95.9 40.2
Gungahlin 455 000 2.17 — 401 000 — 2.5 15.6 95.9 14.9
Palmerston 475 000 2.21 - 414 000 - 25 15.9 95.9 15.2
Ngunnawal 654 000 3.46 — 580 000 — 2.2 14.0 95.9 13.4
Gungahlin 1670 000 0.85 1370 000 225 142.9 95.9 137.0
Lakes® - -
David St Existing N/A O'Connor/ 78 000 0.48 60 000 19 12.2 95.0 11.6
Wetland pond Turner - -
Nichols Existing N/A Gold Creek” 290 000 0.68 224 000 5.2 32.8 95.0 31.1
Pond pond - -
Lake Existing N/A Belconnen 2 163 000 0.51 - 124 000 - 35 22.2 97.9 21.7
Ginninderra lake Belconnen 3 87 000 0.61 - 67 000 — 1.6 10.2 97.9 9.9
Belconnen 1 181 000 0.71 - 145 000 - 2.8 17.8 97.9 174
McKellar 223 000 0.85 — 172 000 — 3.0 19.0 97.9 18.6
Melba 2 1034 000 1.26 - 924 000 - 9.2 58.4 97.9 57.2
Giralang 668 000 0.95 — 549 000 — 7.9 50.2 97.9 49.1
Evatt 2 353 000 1.32 - 301 000 - 3.0 18.9 97.9 18.5
Kaleen 2 1647 000 1.49 — 1 349 000 — 12.4 78.7 97.9 77.1
Macquarie/ 1233000 1.53 1039 000 8.9 56.8 97.9 55.6
Belconnen - -
Uni of 636 000 1.60 529 000 4.5 28.6 97.9 27.9
Canberra - -
Melba 1 893 000 1.80 - 767 000 - 5.5 34.9 97.9 34.2
Hawker 2 296 000 1.87 — 1821 000 — 13.8 87.3 97.9 85.4
Aranda 1495 000 1.83 - 1214 000 - 9.1 57.6 97.9 56.4
Florey 2 361 000 2.00 — 321 000 — 2.0 12.8 97.9 12.6
Bruce 1 065 000 2.14 - 884 000 - 5.6 35.6 97.9 34.8
Evatt 1 716 000 2.21 — 621 000 — 3.6 22.9 97.9 22.4
Scullin 1087 000 2.38 - 958 000 - 5.1 32.4 97.9 31.7
Kippax 3 349 000 2.14 — 2 964 000 — 17.4 110.5 97.9 108.1
Page 476 000 2.78 - 424 000 - 1.9 12.1 97.9 11.8
Weetangerra 1192 000 2.95 — 993 000 — 4.5 28.6 97.9 28.0
Macquarie & 1658 000 2.99 1429 000 6.2 39.4 97.9 38.5
Cook - -
Kaleen 1 1070 000 3.16 - 951 000 - 3.8 24.1 97.9 23.6
Kaleen 3 1 399 000 3.12 — 1228 000 — 5.0 31.8 97.9 31.1
Latham 1204 000 3.36 - 1106 000 - 4.0 25.4 97.9 24.9
Flynn 1183 000 6.01 — 1 096 000 — 2.2 14.0 97.9 13.7
Spence 1371 000 4.92 - 1217 000 - 3.1 19.7 97.9 19.3
AIS 2 115 000 4.24 — 1 889 000 — 5.6 35.2 97.9 34.5
Higgins 1574 000 7.33 - 1 445 000 - 24 15.2 97.9 14.9
Lake Existing N/A Greenway 1 517 000 0.68 - 417 000 - 8.5 53.8 98.1 52.8
Tuggeranong lake Kambah 4 1 448 000 1.15 — 1 185 000 — 14.0 88.9 98.1 87.2
Murrumbidgee 4 927 000 1.22 — 3552 000 — 45.0 285.8 98.1 280.2
Waniassa 1 1490 000 1.63 - 1220 000 - 10.2 64.8 98.1 63.5
Greenway 2 368 000 1.70 — 324 000 — 2.4 15.4 98.1 15.1
Kambah 2 2 052 000 2.68 - 1790 000 - 8.5 54.0 98.1 52.9
Waniassa 3 1 686 000 2.75 — 1462 000 — 6.8 43.4 98.1 42.6
Kambah 3 2 078 000 2.85 - 1788 000 - 8.1 51.4 98.1 50.4
Waniassa 2 811 000 5.30 — 719 000 — 1.7 10.8 98.1 10.6
Point Hut Existing N/A Gordon 436 000 1.09 - 354 000 - 4.3 27.3 99.8 27.2
Pond lake Conder 1 363 000 1.60 — 1098 000 — 9.2 58.3 99.8 58.1
Banks 844 000 3.23 - 751 000 - 2.8 17.8 99.8 17.7
Calwell 1 1 106 000 3.70 — 986 000 — 3.2 20.3 99.8 20.3
Upper Existing N/A Isabella Plains 637 000 1.19 - 537 000 - 5.8 36.6 99.7 36.5
Stranger lake Bonython 295 000 1.22 247 000 2.6 16.5 99.7 16.5
Pond
Jarramlee Existing N/A Charnwood 2' 627 000 1.43 514 000 5.3 334 95.0 31.7
(Dunlop pond
Pond 1) - -
Fassifern Existing N/A Charnwood 2* 780 000 2.44 680 000 3.8 24.1 95.0 22.9
(Dunlop pond
Pond 2) - -
w2 Pond- High Curtin 1 2 658 000 3.16 1.91 1957 000 3446 6.6 41.7 100.0 41.7
ASTR Curtin 2 2.5 15.6 100.0 15.6
W0 Pond- High Yarralumla 5 33 526 000 5.40 1.87 26 175 000 131 500 46.5 295.3 100.0 295.3
ASTR Government 20.0 127.0 100.0 127.0
House
Isabella Existing N/A Monash 419 000 241 - 372 000 - 1.9 11.7 100.0 11.7
Pond lake Waniassa 4 345 000 3.70 — 315 000 1.0 6.4 100.0 6.4
WC4 Stormwater N/A Weston 4 991 000 5.13 2.58 3924 000 8 205 2.7 17.2 95.0 16.3
pond Holder/Weston 2.0 12.7 95.0 12.1
Holder 2.5 15.9 95.0 15.1
Rivett 3.8 24.0 95.0 22.8
B14 Stormwater N/A Florey 1 579 000 3.36 1.84 404 000 864 1.9 12.3 95.0 11.7
pond
NC9-11 Pond- Moderate | Ainslie 7 273 000 4.31 1.88 5 540 000 16 980 6.5 41.3 100.0 41.3
ASTR to High O'Connor/ 7.4 47.2 100.0 47.2
Turner
Lyneham 4 4.1 26.0 100.0 26.0
WCO Pond- High National Zoo 28 342 000 5.26 1.98 21 593 000 104 150 50.0 317.5 100.0 317.5
ASTR
Stormwater N/A “North Weston 5.4 34.3 95.0 32.6
pond
Stormwater “Molongolo 2.3 14.6 95.0 13.9
pond
West Existing N/A Charnwood 2' 602 000 4.58 - 550 000 - 15 9.3 98.0 9.1
Belconnen pond Fraser 687 000 4.04 - 604 000 - 1.9 12.1 98.0 11.8
Pond Charnwood 1 1091 000 4.31 983 000 2.8 17.9 98.0 17.5
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Potential
for Total life Levelised Levelised Estimated Volumetric
Supply aquifer cycle cost cost cost without Capital pond Irrigated Demand | reliability Supply
name Type storage Demand $) ($/kL) pond ($/kL) cost ($) area (m? area (ha) | (ML) (%) (MLYy)
WC14-15 Stormwater N/A Duffy 1789 000 5.43 2.68 1347 000 3012 37 235 95.0 223
pond
W19 Stormwater N/A Phillip/Garran 8 770 000 4.89 1.40 6 715 000 30 840 114 72.3 95.0 68.7
pond Phillip 2 8.8 55.9 95.0 53.1
w27 Stormwater N/A Pearce 1 7 528 000 5.60 1.67 5 706 000 24 620 10.6 67.3 95.0 63.9
pond Mawson 4.5 28.9 95.0 27.4
T2 Stormwater N/A Gowrie 6 052 000 6.28 1.88 4 633 000 17 830 8.1 51.4 95.0 48.9
pond Chisholm 2.7 17.5 95.0 16.6
T3 Stormwater N/A Calwell 3* 5161 000 5.47 1.61 3923 000 14 000 10.6 67.6 95.0 64.2
pond
T4 Stormwater N/A Richardson 2 741 000 6.35 3.11 2 107 000 4 630 1.4 8.9 95.0 8.4
pond Calwell 2 1.7 10.8 95.0 10.3
Calwell 3* 1.8 11.1 95.0 10.6
NC18 Pond- Moderate | Lyneham 1 12 150 000 4.52 2.04 9 303 000 33500 6.4 40.6 100.0 40.6
ASTR to High EPIC 6.1 38.5 100.0 38.5
Gungahlin 15.0 95.3 100.0 95.3
Cemetery
Mitchell* 1.3 8.3 100.0 8.3
G23 Pond- Moderate | “Harrison 3210 000 4.89 2.47 2 431 000 5270 7.0 44.5 100.0 44.5
ASTR to High
B28 Stormwater N/A MacGregor 2 097 000 5.13 2.10 872 000 2218 3.1 19.7 95.0 18.7
pond Holt 1.5 9.5 95.0 9.0
WC19 Stormwater N/A Waramanga® 1927 000 6.79 2.40 1394 000 4120 3.2 20.3 95.0 19.3
pond
Sum 196 000 000 3.02 154 000 000 709.6 4505.9 97.9 4409.2

! Only meets a portion of the demand in the demand cluster
2This is an anticipated demand that does not yet exist

Notes

Only supply—demand options that could meet 95% volumetric reliability or greatebé&ewéncluded.

The following existing ponds and lakes were considered in the analysis: Davidl&dyéarramlee Pond (i.e. Dunlop Pond 1), Fassifern
Pond (i.e. Dunlop Pond 2), Lake Ginninderra, Gordon Pond, Gungahlin Pond, Isabella Pond, Lake TuggeranangoNi;Hebint Hut

Pond, Upper Stranger Pond, Lower Stranger Pond, Yerrabi Pond, Tuggeranong Weir, West B&oodne

Lake Burley Griffin has not been included in this analysis.

Volumetric reliability from aquifer to demand has been modelled at 100%. The volunediibility from pond to aquifer is 95%. (There is no
net loss of groundwater over the simulation period).

All scenarios are modelled using 2030 climate series. This has been developed bingnbidifgrical SILO data drill records. Rainfall and
evaporation have been changed based on the worst 2030 climate scenario as per ATilE®/Water Optiongeport.

Demand is based on a 2030 climate series and is measured at 6.35 ML/hal/yr (ratharghtiestimation of 5 ML/ha/yr
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Table 12: Supply—demand options included in Master Plan B

Supply name Type Potential for Demand Total cost Levelise Levelise Capital cost Operation & Replacemen Total pipe Total Total pond Estimate Volumetri
aquifer storage ($PV) d cost d cost %) maintenanc t cCost & pump bore Cost cost ($PV) d pPond Irrigate c
($/kL) w/o pond e Cost ($PV) ($PV) cost ($PV) ($PV) area (mz2) d area Deman reliability Supply
ost ($/kL) (ha) | d(MLly) (%) (MLYy)
Tuggeranong Existing N/A Greenway 1 137 190 3.06 3.06 125 294 10 472 1425 137 190 - - - 05 3.0 100.0 3.0
Kambah 4 1447 840 111 111 1184 532 221752 41 556 1447 840 - - - 14.0 88.9 100.0 88.9
Wanniassa 1 1489 810 1.56 1.56 1220215 239 319 30276 | 1489810 - - - 10.2 64.8 100.0 64.8
Kambah 2 2 052 490 2.58 2.58 1790 363 236 896 25230 2 052 490 - - - 85 54.0 100.0 54.0
Wanniassa 3 1090 175 3.60 3.60 966 598 113 960 9617 | 1090175 - - - 3.2 20.6 100.0 20.6
Kambah 3 2078 262 2.74 2.74 1788 012 266 206 24043 2078 262 - - - 8.1 51.4 100.0 51.4
Wanniassa 2 811 444 5.11 5.11 719 047 87 350 5046 811 444 - - - 17 108 100.0 108
Ginninderra Existing N/A Belconnen 124 913 0.98 0.98 104 917 15 840 4 156 124 913 - - - 1.4 8.9 97.4 8.7
McKellar 223 414 0.82 0.82 172 315 42 203 8 896 223 414 - - - 3.0 19.0 97.4 185
Melba 2 1034 406 1.23 1.23 924 270 82 828 27 308 1 034 406 - - - 9.2 58.4 97.4 56.9
Giralang 667 918 0.93 0.93 549 210 95 259 23449 667 918 - - - 79 50.2 97.4 48.9
Evatt 2 353 286 1.31 1.31 301 090 43 373 8823 353 286 - - - 3.0 18.9 97.4 18.4
Kaleen 2 1647 179 1.46 1.46 1349171 261 201 36807 | 1647179 - - - 12.4 78.7 97.4 76.7
Macquarie/Belconne 1233128 151 151 1038 770 167 822 26 536 1233128 - - -
n 8.9 56.8 97.4 55.3
Uni Canberra 636 200 1.55 1.55 529 212 93 639 13 348 636 200 - - - 45 28.6 97.4 27.8
Melba 1 893 220 1.78 1.78 767 162 109 733 16 326 893 220 — — - 55 34.9 97.4 34.0
Hawker 2296 377 1.83 1.83 1821214 434 349 40 814 2 296 377 - - - 13.8 87.3 97.4 85.0
Aranda 1494 948 1.81 1.81 1213575 254 451 26 922 1494 948 — — - 9.1 57.6 97.4 56.1
Florey 2 360 787 1.96 1.96 321 277 33514 5996 360 787 - - - 20 12.8 97.4 12.5
Bruce 1018 245 2.00 2.00 874 523 131 774 11 948 1018 245 — — - 56 35.6 97.4 34.6
Evatt 1 716 050 1.95 1.95 620 631 84 733 10 686 716 050 - - - 4.0 25.6 97.4 24.9
Scullin 1087 440 2.34 2.34 958 190 114 111 15138 1087 440 — — - 51 32.4 97.4 315
Kippax 3349 216 211 211 2964 263 333 305 51 648 3349 216 - - - 17.4 1105 97.4 107.6
Page 475 683 2.75 2.75 423 708 46 336 5 640 475 683 — — - 1.9 121 97.4 11.8
Weetangera 1192 295 291 291 993 340 185 598 13 357 1192 295 - - - 45 28.6 97.4 27.8
Macquarie & Cook 1657 779 2.94 2.94 1428 764 210 611 18 403 1657 779 — — - 6.2 39.4 97.4 38.3
Kaleen 3 1398 852 3.07 3.07 1228 352 155 649 14 851 1 398 852 - - - 5.0 31.8 97.4 30.9
Flynn 1183 356 591 591 1095 852 80974 6 530 1183 356 — — - 22 14.0 97.4 13.6
Spence 1371176 4.86 4.86 1217 168 144 806 9 202 1371176 - - - 31 19.7 97.4 19.2
AIS 2114 584 4.18 4.18 1 889 055 209 055 16 474 2114 584 — — - 56 35.2 97.4 34.3
Higgins 1574 306 7.20 7.20 1445110 122 073 7124 1574 306 - - - 24 15.2 97.4 14.8
Latham 1204 112 3.31 3.31 1106 430 85 809 11873 | 1204112 - - - 4.0 254 97.4 247
Kaleen 1 1070123 3.09 3.09 950 551 108 292 11 279 1070123 - - - 38 24.1 97.4 235
Point Hut Pond Existing N/A Gordon” 302 999 0.95 0.95 239 143 53 764 10 092 302 999 - - - 43 273 99.6 272
Conder 1388 394 1.47 1.47 1103 453 255 035 29 905 1388 394 - - - 9.2 58.3 99.6 58.0
Banks 843 814 3.24 3.24 751 295 84 208 8311 843 814 - - - o8 17.8 99.6 17.7
Lower Stranger Pond Existing N/A Greenway 2 257 663 1.14 1.14 220 522 29943 7 198 257 663 - - - 2.4 15.4 100.0 15.4
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Supply name Type Potential for Demand Total cost Levelise Levelise Capital cost Operation & Replacemen Total pipe Total Total pond Estimate Volumetri

aquifer storage ($PV) d cost d cost %) maintenanc t cCost & pump bore Cost cost ($PV) d pPond Irrigate c
($/kL) w/o pond e Cost ($PV) ($PV) cost ($PV) ($PV) area (m2) d area Deman reliability Supply
ost ($/kL) (ha) d (MLYy) (%) (ML/y)
Upper Stranger Pond | Existing N/A Isabella Plains 637 065 1.19 1.19 536 693 83 245 17 127 637 065 = = = 5.8 36.6 99.6 36.5
Bonython 294 604 1.22 1.22 247 334 39 552 7718 294 604 — = = 2.6 16.5 99.6 16.5
Gungahlin Existing N/A Gold Creek 2 392 440 1.20 1.20 1 828 289 500 228 63 923 2 392 440 = = = 215 136.8 98.8 135.1
Nicholls 838 748 1.38 1.38 696 274 122 883 19 591 838 748 — — = 6.6 41.9 08.8 41.4
*Crace 591 040 1.28 1.28 493 492 82 706 14 841 591 040 = = = 5.0 31.8 98.8 31.4
Palmerston 474 515 2.05 2.05 414 342 52 752 7421 474 515 — = = 5 15.9 98.8 15.7
Yerrabi 1082 024 1.96 1.96 944 072 120 178 17 775 1082 024 = = = 6.0 38.0 98.8 37.6
Ngunnawal 653 559 3.21 3.21 580 174 66 855 6 530 653 559 — = = 2.2 14.0 08.8 13.8
Gungahlin 455 095 2.01 2.01 401 156 46 667 7272 455 095 = = = 25 15.6 98.8 15.4
Amaroo 2240939 2.66 2.66 1967 930 245 998 27 011 2 240 939 — = = 9.1 57.8 08.8 57.1
West Belconnen Existing N/A Charnwood 1 1090 861 4.22 4.22 983 468 99 023 8371 1090 861 = = = 28 17.9 98.0 17.5
Pond Fraser 686 779 3.94 3.94 604 195 76 945 5 640 686 779 = = - 1.9 12.1 98.0 11.8
Charnwood 2* 602 091 4.57 4.57 550 083 47 654 4 354 602 091 = 15 9.3 98.0 9.1
Yerrabi Existing N/A Throsby** 1729858 2.97 2.97 1546 914 163 470 19 475 1729 858 — = = 6.6 41.7 95.0 39.6
B14 New Pond N/A Florey 1 578 853 3.36 1.02 403 662 169 437 5754 175013 - 403 840 864 1.9 12.3 95.0 11.7
B28 New Pond N/A Macgregor 2096 921 5.13 1.01 1583 646 499 621 13 654 412 640 - 1684 281 4110 31 19.7 95.0 18.7
Holt L5 9.5 95.0 9.0
David St Wetland Existing N/A Turner** 129 433 0.76 0.76 107 972 15761 5699 129 433 — = = 1.9 12.2 95.0 11.6

G23 New pond-ASTR | Moderate to *Harrison 3209 924 4.90 1.65 2 430 840 676 162 102 922 536 595 543 069 2 130 260 5270

high 7.0 44.5 100.0 44.5
NC18 New pond-ASTR | Moderate to Mitchell 14 071 468 5.22 1.75 11 003 665 2 607 107 460 697 2284154 | 2443811 9 343 502 30 880 2.2 13.7 100.0 13.7
high EPIC 6.1 38.5 1000 | 385
Gungahlin Cemetery 13.0 82.3 100.0 82.3
Watson 1.8 114 100.0 114
Lyneham 1 2.5 15.7 100.0 15.7
Downer 34 21.6 100.0 21.6
NC14 New pond-ASTR | Moderate to Watson/Dickson 8 746 434 6.31 1.02 6 704 040 1835 794 206 600 325 502 1086 138 7 334 793 27 240 10.1 63.9 100.0 63.9
high Dickson/Ainslie 48 30.2 1000 | 302
NC9-11 New pond—-ASTR | Moderate to Lyneham 2 5 065 939 5.89 1.70 3894 169 1018 589 153 181 644 836 814 604 3606 499 9 150 4.1 26.0 100.0 26.0
high Dickson 2.1 13.6 1000 | 136
O'Connor 1 1.1 6.7 100.0 6.7
Ainslie 1.9 12.1 100.0 12.1
T3 New pond N/A Calwell 3** 5161 396 5.46 0.46 3922 811 1 206 984 31 600 433 871 - 4727 525 14 000 10.6 67.6 95.0 64.2
T4 New pond N/A Richardson 2741010 6.36 1.99 2106 617 619 982 14 410 856 424 - 1884 585 4630 1.4 8.9 95.0 8.4
Calwell 2 1.7 10.8 95.0 10.3
Calwell 3** 1.8 11.1 95.0 10.6
T2 New pond N/A Gowrie 6 052 083 6.28 0.59 4 632 879 1 386 996 32 207 565 545 - 5486 537 17 830 8.1 51.4 95.0 48.9
Chisholm 2.7 17.5 95.0 16.6
WC4 New pond N/A Rivett 4 298 955 5.06 1.91 3381 239 889 352 28 365 1 618 606 - 2680349 6 710 3.3 21.0 95.00 19.9
Holder/Weston 2.0 12.7 95.00 121
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Supply name Type Potential for Demand Total cost Levelise Levelise Capital cost Operation & Replacemen Total pipe Total Total pond Estimate Volumetri
aquifer storage ($PV) d cost d cost %) maintenanc t cCost & pump bore Cost cost ($PV) d pPond Irrigate c

($/kL) w/o pond e Cost ($PV) ($PV) cost ($PV) ($PV) area (m2) d area Deman reliability Supply

ost ($/kL) (ha) d (MLYy) (%) (ML/y)

Weston 1.8 11.1 95.00 10.6

Holder 25 15.9 95.00 15.1

WCO New pond N/A *North Weston 4 258 738 6.23 1.18 3279 698 956 181 22 858 803 667 - 3455071 8 750 5.4 34.3 95.00 32.6

*Molonglo 2.3 14.6 95.00 13.9

WC20-1 New pond N/A Stirling** 4 612 459 10.08 0.62 3531 370 1 065 802 15 287 283 669 - 4 328 790 12 000 5.2 32.7 95.00 31.1

WC19 New pond N/A Waramanga** 4 963 855 9.64 0.27 3789271 1157 368 17 216 136 932 - 4 826 923 14 500 5.8 36.8 95.00 35.0

WC17 New pond N/A Waramanga** 2 664 468 5.94 1.42 2 042 396 607 073 14 998 637 747 - 2026 720 5 000 3.5 222 95.00 21.1

Stirling** 1.6 9.9 95.00 9.4

WC14-15 New pond N/A Duffy 1788 955 5.44 1.61 1346 823 431 149 10 983 530 323 - 1258 632 3012 3.7 235 95.00 223

w27 New pond N/A Mawson** 9 655 260 8.19 0.56 7429 120 2186 751 39 389 655 350 - 8999 910 35782 2.7 17.0 95.00 16.1

Pearce 1 10.6 67.3 95.00 63.9

W19 New pond N/A Phillip/Garran 10 875 352 5.36 0.52 8 453 789 2353738 67 825 1 056 209 - 9819 143 40 000 7.3 46.4 95.00 44.1

Phillip 2 8.5 53.9 95.00 51.2

Phillip 1** 7.1 44.8 95.00 42.6

W26 New pond N/A Torrens/Mawson** 10 059 002 10.02 0.33 | 7786303 2239 158 33 542 329122 - | 9729880 39 540 11.3 = 95.00 68.2

w2 New pond—-ASTR | High Curtin 1 5835 376 4.10 2.02 4 473 866 1154 465 207 046 2058 873 814 604 2 961 900 7 450 6.6 41.7 100.00 41.7

New pond-ASTR | High Curtin 2 E . 100.00 15.6

New pond N/A Deakin 4 2 e 95.00 13.9

New pond N/A Hughes e 2y 95.00 25.3

wWo New pond—-ASTR | High National Zoo 12 442 231 4.29 1.53 9 829 843 2291 204 321 184 2802640 | 1629 208 8 010 384 30 700 23.6 150.0 100.00 150.0

New pond-ASTR | High Deakin 1 e B 100.00 15.9

New pond-ASTR | High Deakin 2 o= i 100.00 4.1

New pond N/A Yarralumla 4 i . 95.00 9.0

New pond-ASTR | High Yarralumla 3 2 . 100.00 18.0

Dunlop Pond 1 Existing N/A Charnwood 2* 626 687 1.41 141 514 329 96 759 15 508 626 687 = = = = A 50| 317
Dunlop Pond 2 Existing N/A Charnwood 2* 779 626 2.44 2.44 679 761 88 615 11 250 779 626 - - . 3.8 241

95.0 22.9

TOTAL 176 763 112 3.67 170 | 141519116 | 32548 448 2695549 | 74732155 | 7331434 | 94699 523 527.6 | 3350.1 977 | 32743

*Anticipated future demand (demand does not currently exist)
**The supply only meets a portion of the demand

# —Pipes and pumps from Point Hut Pond to Gordon already exist. The costs shown in here incluaa@onestipipe and pump costs and are therefore an overestimate of actual cost.

Notes regardin@able 12
* Only supply—demand options that could meet 95% volumetric reliability or greatebbawn included.
« The following existing ponds and lakes were considered in the analysis: Davidl&bdyéarramlee Pond (i.e. Dunlop Pond 1), Fassifern Pond (i.e. Dunlop Pond 2), Lake Ginninderra, Gordon Raiiith, Bomdy

Isabella Pond, Lake Tuggeranong, Nichols Pond, Point Hut Pond, Upper Stranger Pond, Logger Btnad, Yerrabi Pond, Tuggeranong Weir, West Belconnen Pond.

« Lake Burley Griffin has not been included in this analysis.

« Volumetric reliability from aquifer to demand has been modelled at 100%. The vdtureéability from pond to aquifer is 95%. (There is no net loss of groundwater ovémihlatson period).

« All scenarios are modelled using 2030 climate series. This has been developed bingbidifgrical SILO data drill records. Rainfall and evaporation have been charsgeddmethe worst 2030 climate scenario as per
ACTEW's Future Water Optionseport.

« Demand is based on a 2030 climate series and is measured at 6.35 ML/ha/yr (rathergahtastimation of 5 ML/haly)
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Table 13 Supply—demand options included in Master Plan C

Supply name Type Potential for Demand Total cost Levelised | Levelised Capital Operation & Replacement | Total pipe Total Total Estimated | Irrigated | Demand | Volumetric | Supply
aquifer storage ($PV) cost cost w/o cost ($) maintenance cost ($PV) & pump bore pond cost pond area area (MLYy) reliability (MLYy)
($/kL) pond Cost ($PV) cost ($PV) cost ($PV) (m2) (ha) (%)
cost ($PV)
($/KL)

David St Wetland Existing N/A O'Connor 1 49 086 0.58 0.58 38 460 7 479 3 147 49 086 - - - 1.1 6.7 84.9 5.7
Turner 173 757 0.81 0.81 144 786 20 957 8014 173 757 - - - 2.7 17.1 84.9 14.6
Tuggeranong Existing N/A Greenway 1 137 190 3.06 3.06 125 294 10 472 1425 137 190 - - - 0.5 3.0 100.0 3.0
Kambah 4 1447 840 111 111 1184532 221752 41 556 1447 840 - - - 14.0 88.9 100.0 88.9
Wanniassa 1 1489 810 1.56 1.56 1220 215 239 319 30 276 1489 810 - - - 10.2 64.8 100.0 64.8
Kambah 2 2 052 490 2.58 2.58 1790 363 236 896 25230 | 2052490 - - - 8.5 54.0 100.0 54.0
Wanniassa 3 1090 175 3.60 3.60 966 598 113 960 9617 1090 175 - - - 3.2 20.6 100.0 20.6
Kambah 3 2078 262 2.74 2.74 1788012 266 206 24043 | 2078262 - - - 8.1 51.4 100.0 51.4
Wanniassa 2 811 444 5.11 5.11 719 047 87 350 5 046 811 444 - - - 1.7 10.8 100.0 10.8
Ginninderra Existing N/A Belconnen 124 913 0.97 0.97 104 917 15 840 4156 124913 - - - 1.4 8.9 98.1 8.7
McKellar 223414 0.81 0.81 172 315 42 203 8 896 223 414 - - - 3.0 19.0 98.1 18.7
Melba 2 1034 406 1.23 1.23 924 270 82 828 27 308 1034 406 - - - 9.2 58.4 98.1 57.3
Giralang 667 918 0.92 0.92 549 210 95 259 23 449 667 918 - - - 7.9 50.2 98.1 49.2
Evatt 2 353 286 1.30 1.30 301 090 43 373 8823 353 286 - - - 3.0 18.9 98.1 185
Kaleen 2 1647179 1.45 1.45 1349171 261 201 36 807 1647 179 - - - 12.4 78.7 98.1 77.2
Macquarie/Belconne 1233128 1.50 1.50 1038 770 167 822 26 536 1233128 - - - 8.9 56.8 98.1 55.7

n
Uni Canberra 636 200 1.54 1.54 529 212 93 639 13 348 636 200 - - - 4.5 28.6 98.1 28.0
Melba 1 893 220 1.77 1.77 767 162 109 733 16 326 893 220 - - = B3 34.9 98.1 34.3
Hawker 2296 377 1.82 1.82 1821214 434 349 40814 | 2296 377 - - - 13.8 87.3 98.1 85.6
Aranda 1494 948 1.80 1.80 1213575 254 451 26 922 1494 948 - - = 9.1 57.6 98.1 56.5
Florey 2 360 787 1.95 1.95 321 277 33514 5996 360 787 - - - 2.0 12.8 98.1 12.6
Bruce 1018 245 1.98 1.98 874 523 131 774 11 948 1018 245 - - = 5.6 35.6 98.1 34.9
Evatt 1 716 050 1.94 1.94 620 631 84733 10 686 716 050 - - - 4.0 25.6 98.1 25.1
Scullin 1087 440 2.32 2.32 958 190 114 111 15138 1087 440 - - - 5.1 32.4 98.1 31.8
Kippax 3349 216 2.10 2.10 2964 263 333305 51648 | 3349216 - - - 17.4 110.5 98.1 108.4
Page 475 683 2.73 2.73 423 708 46 336 5 640 475 683 - - - 1.9 12.1 98.1 11.8
Weetangera 1192 295 2.89 2.89 993 340 185 598 13 357 1192 295 - - - 4.5 28.6 98.1 28.0
Macquarie & Cook 1657 779 2.92 2.92 1428 764 210 611 18 403 1657 779 - - - 6.2 394 98.1 38.6
Kaleen 3 1398 852 3.05 3.05 1228 352 155 649 14 851 1398 852 - - - 5.0 31.8 98.1 31.1
Flynn 1183 356 5.87 5.87 1 095 852 80974 6 530 1183 356 - - - 2.2 14.0 98.1 13.7
Spence 1371176 4.82 4.82 1217 168 144 806 9 202 1371176 - - - 31 19.7 98.1 19.3
AIS 2114 584 4.15 4.15 1 889 055 209 055 16 474 2114584 - - - 5.6 35.2 98.1 34.6
Higgins 1574 306 7.15 7.15 1445110 122 073 7124 | 1574306 - - - 24 15.2 98.1 14.9
B14 New pond N/A Florey 1 1166 532 2.47 1.21 878 365 270 540 17 627 573 019 - 593514 1329 1.9 12.3 85.0 10.5
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Supply name Type Potential for Demand Total cost Levelised | Levelised Capital Operation & Replacement | Total pipe Total Total Estimated | Irrigated | Demand | Volumetric | Supply
aquifer storage ($PV) cost cost w/o cost ($) maintenance cost ($PV) & pump bore pond cost pond area area (MLYy) reliability (MLYy)
($/kL) pond Cost ($PV) cost ($PV) cost ($PV) (m2) (ha) (%)
cost ($PV)
($/KL)
Latham 4.0 254 85.0 21.6
B1 New pond N/A Kaleen 1 807 495 2.67 0.73 577 126 219 089 11 279 220 439 - 587 056 1313 3.8 24.1 85.0 20.5
Point Hut Pond Existing N/A Gordon” 302 999 0.95 0.95 239 143 53 764 10 092 302 999 - - - 3.4 21.6 99.6 21.5
Conder 1388394 1.47 1.47 1103 453 255 035 29 905 1388 394 - - - 10.1 64.0 99.6 63.7
Banks 843 814 3.24 3.24 751 295 84 208 8 311 843 814 - - - 2.8 17.8 99.6 17.7
Lower Stranger Pond | Existing N/A Greenway 2 257 663 1.14 1.14 220522 29943 7198 257 663 - - - 24 154 100.0 154
Upper Stranger Pond Existing N/A Isabella Plains 637 065 1.19 1.19 536 693 83 245 17 127 637 065 - - - 5.8 36.6 99.6 36.5
Bonython 294 604 1.22 1.22 247 334 39 552 7718 294 604 - - - 2.6 16.5 99.6 16.5
Gungahlin Existing N/A Gold Creek 2 392 440 1.19 1.19 1 828 289 500 228 63 923 2 392 440 - - - 21.5 136.8 99.8 136.5
Nicholls 838 748 1.36 1.36 696 274 122 883 19 591 838 748 - - - 6.6 41.9 99.8 41.8
*Crace 591 040 1.27 1.27 493 492 82 706 14 841 591 040 - - = 5.0 31.8 99.8 31.7
Palmerston 474 515 2.03 2.03 414 342 52 752 7421 474 515 - - - 25 15.9 99.8 15.9
Yerrabi Existing N/A Amaroo 1180 505 1.55 1.55 981 696 171 797 27 011 1180 505 - - - 9.1 57.8 89.2 51.6
Yerrabi 165 497 0.33 0.33 99 649 48 073 17 775 165 497 - - - 6.0 38.0 89.2 33.9
Ngunnawal 567 043 3.09 3.09 502 822 57 690 6 530 567 043 - - - 2.2 14.0 89.2 12.5
*Throsby 1758 415 2.63 2.63 1555 370 179 299 23 746 1758 415 - - - 8.0 50.8 89.2 45.3
Gungahlin 383 305 1.88 1.88 336 696 39 336 7272 383 305 - - - 2.5 15.6 89.2 13.9
Dunlop Pond 1 Existing N/A Charnwood 2** 686 470 1.10 1.10 529 790 133 273 23 408 686 470 - - - 7.9 50.1 85.0 42.6
Dunlop Pond 2 Existing N/A Charnwood 2** 754 353 3.08 3.08 672 921 73 637 7795 754 353 - - - 2.6 16.7 99.6 16.6
West Belconnen Existing N/A Charnwood 1 1090 861 4.17 4.17 983 468 99 023 8371 1090 861 - - - 2.8 17.9 99.3 17.8
Pond Fraser 686 779 3.89 3.89 604 195 76 945 5 640 686 779 - - - 1.9 12.1 99.3 12.0
W2 New pond N/A Deakin 3 6 598 993 3.19 1.42 5254 813 1266 956 77224 | 2935743 — | 3663250 9 300 14.0 88.9 85.0 75.6
Curtin 1 6.6 41.7 85.0 355
Deakin 4 23 14.6 85.0 124
Deakin 1 25 15.9 85.0 135
Deakin 2 0.6 4.1 85.0 35
WC4 New pond N/A Weston 1525 267 3.07 1.26 1 136 898 369 799 18 569 719 344 - 805 923 843 2.7 17.2 85.0 14.6
Holder/Weston 2.0 12.7 85.0 10.8
Holder 25 15.9 85.0 135
WO New pond-ASTR High National Zoo 8318 228 3.26 1.50 6 481 388 1512 765 324075 | 2203495 | 1629208 | 4485526 12 785 23.6 150.0 100.0 150.0
New pond Yarralumla 3 2.8 18.0 85.0 583
New pond Yarralumla 4 15 9.5 85.0 8.1
WCO New pond N/A *North Weston 2 318 649 3.79 1.31 1747 308 548 483 22 858 803 667 - 1514 983 2435 5.4 34.3 85.0 29.1
*Molonglo 23 14.6 85.0 124
W26 New pond N/A Torrens/Mawson 10 466 222 7.25 0.78 8 116 597 2295722 53 904 1122 720 - 9 343 502 37 550 14.4 91.4 85.0 7.7
Farrer 3.8 23.9 85.0 20.3
w27 New pond N/A Mawson 5417 012 4.39 0.70 4 061 520 1309 418 46 074 863 498 - 4553514 13126 4.5 28.9 85.0 24.6
Pearce 1 10.6 67.3 85.0 57.2
Pearce 2 0.4 2.4 85.0 2.0
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Supply name Type Potential for Demand Total cost Levelised | Levelised Capital Operation & Replacement | Total pipe Total Total Estimated | Irrigated | Demand | Volumetric | Supply
aquifer storage ($PV) cost cost w/o cost ($) maintenance cost ($PV) & pump bore pond cost pond area area (MLYy) reliability (MLYy)
($/kL) pond Cost ($PV) cost ($PV) cost ($PV) (m2) (ha) (%)
cost ($PV)
($/KL)
W19 New pond N/A Phillip/Garran 10 909 402 3.92 1.17 8 675 638 2 129 952 103 813 3244 411 - 7 664 991 29 550 7.3 46.4 85.0 394
Hughes 4.2 26.7 85.0 22.7
Garran 15 9.4 85.0 8.0
Phillip 1 7.5 47.9 85.0 40.7
Lyons 315 222 85.0 18.9
Phillip 2 8.5 53.9 85.0 45.8
Curtin 2 25 15.6 85.0 1LEE
WC19 New pond N/A Waramanga 4671 651 6.33 0.29 3541 677 1102 394 27 580 213 058 — | 4458593 12 650 9.3 59.0 85.0 50.2
WC20-21 New pond N/A Chapman 1742 278 4.70 1.53 1294 992 433 454 13 832 566 375 - 1175903 2 800 4.7 29.6 85.0 25.2
WC17 New pond N/A Stirling 3249710 3.98 1.12 2484 331 734 846 30533 912 778 - | 2336932 5810 10.3 65.3 85.0 55.5
WC9 New pond N/A Rivett 1295 020 4.94 2.96 1015 447 269 778 9 795 776 027 - 518 993 1145 3.3 21.0 85.0 17.8
WC15 New pond N/A Duffy 1013 860 3.45 1.80 757 164 245714 10 983 530 323 - 483 537 1058 3.7 235 85.0 20.0
NC14 New pond — ASTR | Moderate to high | Hackett 5 950 689 4.04 1.14 4 531 238 1209 628 209 823 591 747 | 1086 138 4 272 804 11 720 2.3 14.6 100.0 14.6
Downer 34 21.6 100.0 21.6
Watson/Dickson 10.1 63.9 100.0 63.9
G23 New pond — ASTR | Moderate to high | *Harrison 2238370 3.42 1.65 1672189 463 258 102 922 536 595 543 069 1158 705 2 756 7.0 44.5 100.0 44.5
NC18 New pond — ASTR | Moderate to high | Mitchell 8 606 998 3.62 1.64 6 630 718 1 566 952 409 328 1734052 | 2172 277 4 700 669 13 865 2.2 13.7 100.0 13.7
EPIC 6.1 38.5 100.0 38.5
Gungahlin Cemetery 13.0 82.3 100.0 82.3
Watson 1.8 11.4 100.0 11.4
Lyneham 1 25 15.7 100.0 15.7
NC9-11 New pond — ASTR Moderate to high | Lyneham 2 4899 841 4.07 1.62 3746 431 948 592 204 818 868906 | 1086138 | 2944 797 7 405 4.1 26.0 100.0 26.0
Dickson 2.1 13.6 100.0 13.6
Ainslie 1.9 121 100.0 12.1
Dickson/Ainslie 4.8 30.2 100.0 30.2
T3 New pond N/A Calwell 3 4 648 885 3.82 0.82 3548 910 1 054 557 45 417 1000 767 — | 3648118 9 260 124 78.7 85.0 66.9
Theodore 2.9 18.4 85.0 15.7
T2 New pond N/A Gowrie 9630 924 5.25 111 7 462 476 2099 878 68571 | 2032329 — | 7598595 28 590 8.1 51.4 85.0 43.7
Fadden/Chisholm 8.1 51.4 85.0 43.7
Chisholm 2.7 17.5 85.0 14.8
Fadden 2.3 14.6 85.0 12.4
Gilmore 1.9 11.7 85.0 10.0
T4 New pond N/A Richardson 1054 516 4.28 1.61 753 215 292 097 9204 396 635 - 657 881 1489 1.4 8.9 85.0 7.6
Calwell 2 1.7 10.8 85.0 9.2
B28 New pond N/A Macgregor 1039 991 2.84 1.13 769 772 256 566 13 654 412 640 - 627 352 1413 3.1 19.7 85.0 16.7
Holt 15 9.5 85.0 8.1
TOTAL 150 299 853 2.94 1.61 | 120 144 102 27 441 455 2714297 | 75987 885 | 6516 830 | 67 795 138 585.0 3714.8 93.5 | 34745

*Anticipated future demand (demand does not currently exist)

**The supply only meets a portion of the demand
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# —Pipes and pumps from Point Hut Pond to Gordon already exist. The costs shown in here incluaa@onestipipe and pump costs and are therefore an overestimate of actual cost.

Notes regardin@able 13

*  Only supply—demand options that could meet 85% volumetric reliability or greatebbawn included.

« The following existing ponds and lakes were considered in the analysis: Davidl&dyVdarramlee Pond (i.e. Dunlop Pond 1), Fassifern Pond (i.e. Dunlop Pond 2), Lake Ginninderra, GordamBahii 8ond,
Isabella Pond, Lake Tuggeranong, Nichols Pond, Point Hut Pond, Upper Stranger Pond, Logger Btnad, Yerrabi Pond, Tuggeranong Weir, West Belconnen Pond.

« Lake Burley Griffin has not been included in this analysis.

« Volumetric reliability from aquifer to demand has been modelled at 100%. The vdtureéability from pond to aquifer is 85%. (There is no net loss of groundwater oventhiatbn period).

« All scenarios are modelled using 2030 climate series. This has been developed bingbiifgrical SILO data drill records. Rainfall and evaporation have been charsgeddmathe worst 2030 climate scenario as per
ACTEW's Future Water Optionseport.

« Demand is based on a 2030 climate series and is measured at 6.35 ML/ha/yr (rathergahtastimation of 5 ML/haly)
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8 ECOLOGICAL ASSESSMENT OF STORMWATER HARVESTING

In this chapter, an attempt is made to assess environmental alodical effects on the urban
streams, ponds and lakes from which water is to be harvested samshahe downstream receiving
systems that will undergo a resultant reduction in supply.

The master plan has identified 28 potential supply sites for urbamvetder harvesting. These
include 10 existing stormwater ponds, 16 proposed new urban ponds of vari@sasitd.akes
Ginninderra and Tuggeranong. Most of the ponds are clustered around tl@aabefrra’s major
urban waterways: Ginninderra Creek, the Molonglo River including§utBvans Creek tributary, and
Tuggeranong Creek, all of which flow into the Murrumbidgee River (see Figiwre 13

Of the eight ponds situated along Ginninderra Creek, six are ptagxigth three ponds upstream
and three downstream of Lake Ginninderra, and two new ponds proposed betkedsininderra
and Dunlop 1 (i.e. Jarramlee) (Figure 14).

Four new ponds are proposed for the Sullivans Creek catchment (inoadaitiDavid Street
Wetland), and eight new ponds are proposed on tributaries and storrdveansr of the Molonglo
River downstream of Lake Burley Griffin. The Lake itselthalgh in the flow sequence, has not
been considered as a potential harvesting source. This is in lim&keayi assumptions of the study
(see Chapter 2).

The five harvestable sites on Tuggeranong Creek include threparals which will be upstream of
the pre-existing Isabella Pond and Lake Tuggeranong. In the current @ganot intended to harvest
water from Tuggeranong Weir which forms a pondage within the upper readbedseof uggeranong
itself (see Figure 14).

Of the remaining two ponds, Point Hut is connected directly to theuvhimidgee River, while the
Upper Stranger Pond flows first into Stranger Pond which is not esdwifvesting, and then to the
Murrumbidgee River (see Figure 14).

The time series of inflows and outflows derived from the hydrolbgmaielling of ponds and lakes
in the master plan, including ASR and ASTR where this is used, pravidanation on pond
dynamics and estimated hydrographs for stream and river readhesbeonds. This hydrological
data underpins the analyses of the ecological and environmental snyfaitte water harvesting
proposal. The assumptions and estimates used in the hydrological snedysially the application
of general scaling arguments to estimate flows in uncalibitthments, and the simple geometric
models of pond morphology that do not necessarily meet the principlesatef-sensitive urban
design (ACT 2008), mean that conclusions regarding environmental respgimmdd only be
considered as indicative. The set of environmental indicatorgeglecbe relevant to the condition
in ponds and streams are demonstrated using the modelled data, buysesandl be required to
provide specific, detailed descriptions for particular sites once detailed pogddase established.
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8.1  Aims of Ecological Assessment
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Figure 13: Map of pond locations and connections
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The proposed harvesting options will have impacts on existing lakising parklands where new
ponds are to be established, and the flow patterns in urban streamecaiwing waterways.
Ecological assessment of these options is needed to:

+ flag potential ecological risks associated with stormwatevesting and inform ways of
mitigating identified risks

» demonstrate any ecological benefits provided by stormwater harvesting

e provide a comparative assessment of ponds so that relative cootrdbof each pond to
ecological impacts are easily understood and communicated

» inform design improvements for ponds performing poorly under model assumptions and

» contribute to a deliberative multi-criterion evaluation for makithe triple bottom line
assessment of stormwater harvesting options.

It is important to realise that although the environmental asalyidiinform on individual ponds and
river segments, the findings relate to conditions determined bntracting parts of the harvesting
system. If the analysis indicates that a harvesting sifragiding poor environmental returns it
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cannot simply be removed from the scheme as this could impact on ceamstonditions and alter
the responses of sequential harvesting sites. Consequently the eewitainanalysis described in
this chapter is applicable for the master plan described in the previous chapter.
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Figure 14: Diagrammatic representation of ponds, lakes, rivers and streams influenced by the stormwater
harvesting proposal (note: new ponds have alpha-numeric codes).

8.2  Ecological Requirements of Canberra Ponds and Strea  ms

8.2.1 Background

Urban streams and ponds are usually a mixture of natural and cesastedns that have been
modified or built to meet the drainage requirements of increasechwater run-off from urban
development. They are constructed to remove water quickly in ardaotd property flooding. This
means that urban streams are generally channelised with flpacitas that minimise flood
connections with riparian areas. In most cases they are hightgddegin comparison with un-
impacted aquatic ecosystems. The degradation is attributed to arnoindteracteristics of urban
drainage waterways. Two key features are the changes in hydrology anduwedity that result from
direct piping of run-off from large impervious areas to recgjwvaters (Ladson 2004; Walsh et al.
2005a; Walsh et al. 2005b). This generally results in delivergaréased total water volumes with
higher frequency of flood peaks and larger peak flow volumes. Tiypitese hydrological changes
are associated with altered channel morphology and stability, aagedt delivery of contaminants
from the catchment, and in some cases increases in sediment @dhds changes may include
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enhanced nutrient and salt loads, and increased water temperatures in pondstesngded estention
can lead to reduced oxygen concentrations. Many of these responsefiusmced by specific
characteristics of the catchment and waterways and so vary betweerssi&tsh et al. 2005a).

Hydrological changes in rivers and streams are known to influbaeocaccurrence and distribution of
aquatic biota including river, riparian and floodplain species. Eargstigations focused on the
physical effects of flow within river channels but now a broadew\of water regime considers the
role of hydrological variability in maintaining all the intercontegt components of aquatic
ecosystems (Poff et al. 1997; Richter et al. 1997; Stewardson and &)®3. This has led to the
notion that the natural flow regime provides a template againishwlows in modified waterways
can be compared in order to target environmental flows. Richtdr €997) used the natural flow
paradigm to set targets for water regimes because the hyidedlogriation and associated
characteristics of timing, duration, frequency and rate of changegréical in sustaining the full
native biodiversity and integrity of aquatic ecosystems. Numehngdeological variables, based on
flow statistics, have been proposed for characterising watenesgRichter et al. (1997; 1998) used
over 30 hydrological statistics in their 'range of variab#ipproach' to characterise annual statistics
for unregulated flows. These were then used to derive environmkntatules for regulated flows
that would create hydrographs with statistical attributes dtws¢lee natural ranges (Stewardson and
Gippel 2003). However a major difficulty with purely hydrological gses is linking the changes in
water regime to biotic responses. The flow events method (Stesraand Gippel 2003) addresses
these difficulties by formulating measurements of habitat and@maental conditions as functions
of hydrological variables, thereby providing time series of envieorial responses for frequency
analyses. However, this approach still requires identificationhef quantitative links between
hydrological change and ecological responses and these connections are genergkynpaotl

Hydrological analyses can be applied to urban streams, but thejpretggion is often difficult
because a 'natural' flow template cannot be described. This isskegaregulated flows either did
not naturally occur, as in the case of constructed waterways toridas flows are unknown because
small streams were rarely gauged. Even less is known oédbimgical characteristics of such
streams prior to urbanisation, so linking flows to environmental outsobesed on information
collected from pre-regulated periods, is usually impossible. In tbases emphasis is placed on
using generalised relationships between flows and ecological respemesa though these are often
poorly quantified.

Stormwater run-off combines impacts of both hydrology and water gabdson 2004; Walsh et
al. 2005b) and so it is difficult to improve the ecological conditiorurdifan streams simply by
improving stream habitat, such as through the introduction of rock swisstridowever, the

introduction of properly designed and operated wetland water qualityobpoinds, as proposed in
the stormwater harvesting plan, has the potential to provide ecaldginefits to urban streams by
improving their water quality and hydrology (Wong et al. 1998; Viaetorstormwater Committee
2006). Often these ponds are associated with additional engineeriligefasuch as retardation
basins to capture large flows, and gross pollutant traps designdficafigco manage the trash from
urban areas. In combination these facilities can help reduce hydrological anduwedity impacts on

urban streams although these potential benefits are not alwagsettiiLadson 2004; Walsh et al.
2005b). Success depends on their design and capacity (Wong et al. 1988aVi&tormwater

Committee 2006) as well as the characteristics of the inflowaddition, wetland water quality
control ponds can enhance visual and environmental attributes in urbarafzexidt these positive
attributes are attainable, then the implementation of the stoenWwatvesting plan could provide
environmental benefits in addition to the projected water savingse¥owthe potential benefits to
urban streams need to be balanced against the reduced flows reachkining waterways such as
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the Murrumbidgee and Lower Molonglo Rivers, and the influence of teesdlthydrology on their
ecology.

8.2.2 Canberra water system

Management of ACT waterways is described in the legislfthraework of theTerritory Plan 2008
(ACT Government 2008a). The ACT catchments and their water resoase been divided into
three water use categories: conservation, water supply, and @;a@magopen space. Their locations
are shown in Figure 15 along with Canberra’s urban areas. Within ettetsefcategories water uses
such as maintenance of ecosystems, recreation and water supgdgigreated for the streams, lakes
and rivers. The permitted water uses and the environmental vaigssnt to the various sub-
catchments have been described most recently iwdter Use and Catchment General Cad¢he
Territory Plan 2008(ACT Government 2008b). Policies relating to the drainage and opee spac
catchments affect urban lakes and water bodies, and are desaoriBad IC of théVater Use and
Catchment General Cod&his area includes most of the proposed stormwater harvestingestiug
excludes the Murrumbidgee and Molonglo Rivers which may be impacthd Harvesting scheme
results in significantly reduced inflows. Because of their ic@nd community significance, the
Murrumbidgee River and extensive sections of the Molonglo Rivetaegorised as a subset of the
conservation catchments for which the general policies are lbedan Part A of th&Vater Use and
Catchment General Code
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Figure 15: Water use catchments (source: Element 11.8, ACT Government 2008b)
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8.2.3 Environmental flows

The Environmental Flow Guidelines 20QBCT Government 2006) are a disallowable instrument
under theWater Resources Act 200(ACT Government 2008c). The guidelines set out the
environmental flow requirements needed to maintain aquatic ecosystat rivers and streams in
the ACT including created urban waterways. They are used in comjunetih the water resource
management plahink water act watefACT Government 2004a), to manage ACT water resources.
The Water Resources Act 200&quires preparation of environmental flow guidelines to determine
the flow of water needed to maintain aquatic ecosystems by:

ensuring the use and management of water resources sustain thelplegsinomic and
social wellbeing of the people of the Territory while protectimg ¢cosystems that depend
on those resources

protecting waterways and aquifers from damage and, where possibdeetse damage that
has already occurred and

ensuring that water resources are able to meet the reasoneddgdable needs of future
generations.

The Territory Planexplicitly requires that environmental flows be maintained to enthattestream
flow and the quality of discharges from all catchments protedgt@maental values of downstream
waters. Four policies are elaborated to achieve this objective:

land use and management practice needs to be cognisant of streaamd water quality
impacts downstream

stream-flow diversions need to be restricted to authorised diversions

lake and reservoir releases need to be consistent with thetjpmoteitdownstream ecology
and water uses and

groundwater abstraction need to be consistent with authorised abstraction.

The environmental flow guidelines divide ACT aquatic ecosystatosfour management categories
that are set within the three water use catchments descriltbd Territory Plan (Table 14). The
modified ecosystems are a special subset of the conservationmeats and arise from
considerations of catchment condition, environmental flows and iconigsstahd include the
Murrumbidgee and Molonglo Rivers. As a result, the proposed stormhateesting master plan
contains components in both modified ecosystems and created ecosgesuadatter ecosystems
occurring in the drainage and open space catchments). Differerwraneintal flow guidelines have
been established for each of these ecosystem types and need toderedms analysing the impact
of the proposed stormwater harvesting on ecological conditions.

68



ECOLOGICAL ASSESSMENT OF STORMWATER HARVESTING

Table 14: Types of aquatic ecosystems, their location, and link to the Territory Plan catchment categories (ACT

Government 2006)

Category of Description Management goal Water bodies in this

aquatic category

ecosystem

Natural Ecosystems that have | Primary goal: maintain Water bodies in Namadgi

ecosystems persisted in a relatively | aguatic ecosystems in National Park, excepting

(conservation pristine condition. their pristine state, the Cotter River catchment.

catchments) Secondary goals: range Water bodies in Tidbinbilla
of functions including Nature Reserve.
recreation.

Water supply Ecosystems in Primary goal: provide Water bodies in the Cotter

ecosystems catchments designated | water supply, Secondary | River catchment. The

(water supply to provide the ACT goals: range of functions | Googong Foreshore Area

catchments) water supply. including conservation and the Queanbeyan River
and recreation. downstream of Googong

Dam.

Modified Ecosystems modified Range of functions All water bodies not

ecosystems by catchment activities | including recreation, included in the other three

(conservation (land-use change, conservation and categories. Includes the

catchments) discharges) or by irrigation. Murrumbidgee and

changes to the flow Molonglo Rivers, and Lake
regime. Burley Griffin.

Created Ecosystems in urban Range of functions Water bodies within the

ecosystems lakes, ponds and including recreation, urban area excluding the

(drainage and streams that have conservation and Molonglo River.

open space developed as a result irrigation.

catchments) of urbanisation

Environmental flows are provided either by releases from damy oestricting abstractions from
catchments. In the ACT, the volume of water available for atigirais limited to that remaining
after environmental flows have been provided. Eheironmental Flow Guidelineseek to maintain
modified ecosystems in as natural a state as possible, wiws fih created ecosystems, including
urban streams, are to be restored to natural flow regimes as faacticable. It is recognised that
restoring urban streams to pre-development conditions is unlikelyh&ndcblogical objective is

more to maintain a range of healthy aquatic ecosystems.

The Environmental Flow Guidelinefr the ACT were first devised in 1999 and were based on the

‘holistic' approach which was considered to:

» recognise the natural flow regime as a guide to the flow requirements ofra syste

» takes the approach that the flow requirements of a system shoctnpéded from different

flow components meeting different ecological objectives, and thatctm be done using

field methods, expert advice and historical data

» consider the entire aquatic ecosystem rather than a single selected component and

* recognise that detailed ecological understanding is not availabhaany Australian rivers,
and that an adaptive management process should be used to refine flow requirements.

These attributes align with those of the natural flow paradigsoriteed earlier. Th&nvironmental

Flows Guideline2006 state that this approach works byidentifying the essential features of the
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flow regime, including the natural variability, seasonal variation, floods, andrrteent dry
periods The influence of these flow characteristics on ecosystem compoisetiien identified in
order to set environmental flow requirements.

Six particular flow components have been recognised in the guidelines:
» base flows
» riffle maintenance flows
» pool maintenance flows
» channel maintenance flows
» special purpose flows and
* impoundment drawdown levels.

The flow guidelines relevant to areas encompassing the proposewaterrharvesting scheme have
been extracted from the full list and are given in Table 15e Basvs, channel maintenance flows
and impoundment drawdown levels are the flow characteristics appliedbdified and created
ecosystems and so have bearing on the water harvesting proposal.

The base flow is estimated for each month, for each stretcheafsbor river, using daily flow data
and specified as a monthly flow (ACT Government 2004b). This takesiatof seasonal variations
while still providing a workable regulation, although selectionhaf base flow threshold has been
contentious. The guidelines specify the 80th percentile as base fhowthes has gained some
support, especially in the Cotter River water supply catchmentewdtedies by the Cooperative
Research Centre for Freshwater Ecology (CRC FE) indicate thlese flows have sustained
ecological objectives (Ogden et al. 2004). It is generally corsiddwat the base flow should be the
80th percentile of the modelled natural flow, but in many cases #dgwelopment hydrographical
information is not available. Instead, the mean monthly flows aimasd from monthly flow
records calculated over the period from when gauging commenced toutitent year (ACT
Government 2004b). This has some inherent problems — for example, flasticstator the
Murrumbidgee River are calculated from gauged data taken thfteconstruction of Tantangara
Dam. In addition, if base flows are re-calculated as new hydralogéars are added to the data set,
then the base flow will alter as run-off changes in responseatithroent influences such as
extractions, urbanisation or climate change. Decisions on the apprapetted for estimating base
flows are still to be made but will be especially difficudt Lreated and modified catchments where
the paucity of data does not allow for the ecological effecth@f80th percentile flows to be
assessed.
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Table 15: Environmental flow guidelines for modified and created ecosystems (ACT Government 2006)

Flow
Base flows Modified Murrumbidgee River | Maintain 80th percentile monthly flow
ecosystems November — May, and 90th percentile
monthly flow June — October inclusive.
Abstractions may not exceed flow rate.
Other reaches in the | Maintain 80th percentile monthly flow in
ACT in modified all months.
ecosystems Abstractions may not exceed flow rate.
Created All reaches in created | Maintain 80th percentile monthly flow in
ecosystems ecosystems all months.
Abstractions may not exceed flow rate.
Channel Modified All reaches in the Protect 90% of the volume in events
maintenance ecosystems ACT including the above the 80th percentile from
flows Murrumbidgee abstraction
Created All reaches in created | Protect 90% of the volume in events
ecosystems ecosystems above the 80th percentile from
abstraction
Groundwater Modified All reaches in the Groundwater abstraction is limited to
abstraction ecosystems ACT including the 10% of the long term recharge
limits Murrumbidgee
Created All reaches in created | Groundwater abstraction is limited to
ecosystems ecosystems 10% of the long term recharge
Impoundment Modified All impoundments Drawdown is limited to 0.20m below the
drawdown levels ecosystems spillway
Created All impoundments Drawdown is limited to 0.20m below the
ecosystems spillway

To sustain flooding flows, the current management strategy igmio the water available for

abstraction to 10% of the volume above base flow. It is thought tisatvithipreserve the 1.5 to 2.5
year annual recurrence flows that determine the meander frequeidtl, and depth of river

channels. A lack of pre-development hydrographs makes it difficudpeculate what the 'natural’
high flows were in the now highly modified urban systems.

The earlier flow guidelines were reviewed by the CRC FE in 2@0dart of the development of the
2006 guidelines (Ogden et al. 2004). The effectiveness of the envirohrfiemtayuidelines was
assessed by referring to monitoring data and research on AGS, rawel through consultation with
local scientific experts. The review highlighted the paucity ¢d daailable to make assessments and
concluded that there were insufficient data to comment on flow guédefor any systems other than
the regulated parts of the Cotter River and in the Queanbeyan ®iwnstream of Googong Dam.
This situation has not changed significantly in the intervening pamating it difficult to determine
the influence that stormwater harvesting might have on the ecalbgyreated and modified
ecosystems. A workshop organised by the CRC FE during the reviesmviafonmental flows
attempted to set some ecological objectives for the diffexmsystem categories. This information
is included in the Environmental Flow Guidelines (2006) and as theseuarently the most
authoritative set of environmental flow analyses for the ACTemaays, the objectives for modified
and created ecosystems are noted here (Table 16). The ecotiéives are the same for both
these ecosystem categories, but the flow characteristicsradqui meet the objectives are not
defined.
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Table 16: Objectives for modified and created ecosystems

Modified ecosystems and created ecosystems

All reaches To maintain healthy Macroinvertebrate assemblages are maintained at
aquatic ecosystems in AUSRIVAS band A level. Assessed using protocols as
terms of biota per the ACT AUSRIVAS sampling and processing

manual

<http://ausrivas.canberra.edu/au/ausrivas>

Non-dominance (<20% cover) of filamentous algae in
riffles for 95% of the time. Assessed using
standardised collection and processing methods as
per Norris et al. 2004.

To prevent degradation of | Sediment deposition is limited to <20% of total depth of

riverine habitat through pools measured at base flow using techniques per
sediment deposition Ecowise Environmental (2005) methods.

To prevent degradation of | Extent of emergent macrophyte beds are maintained
macrophytes in urban at current levels or enhanced.

lakes and ponds

8.2.4 Lakes and ponds

Urban lakes and ponds form an integral part of the Canberra urban syatem and the ACT
Government is committed to continuing and expanding their use becauke ocbrhmunity and
environmental benefits they provide.

The management strategy for urban lakes and ponds that aredsibbapeiblic lands and provide
community use and environmental values is described in Canbdrtzs Lakes and Ponds Plan of
Management 200(ACT Government 2001a). This plan applies to all of the existing ponllslaa
in the stormwater harvesting proposal except for Nicholls Pond and Baeet Wetland. It is likely
that all of the proposed new ponds will fall under this management plan.

The Environmental Flow Guidelines 2008\CT Government 2006) stipulate that water levels in
urban ponds should be maintained in order to sustain stands of submerged agdnteme
macrophytes. The plants create a significant aquatic habitananduce structural and functional
complexity that enhances biodiversity and biological activity. Tdreyan integral component of the
water treatment processes and in general add to the aestitetiecaeational values of the ponds.
The guidelines express concerns that excessive drawdown of ponds ar famé oscillations in
depth could preclude establishment and growth of macrophytes. SignifiGamtiown could also
result in increased detention of flows and this might impact on dosamstrecological function
through alteration of urban stream hydrology (this is contrary tagbel concern that flows in urban
water ways are excessive and ponds provide important waterigeteapacity). For these reasons
the drawdown limit is set at 0.2 m, although the guidelines recotjdseeed to monitor the effect of
the drawdown limit and if necessary to modify it in order to balamaimtenance of macrophytes and
improved stream flows. In the hydrological analysis of the stotamt@arvesting plan, drawdown
limits for harvested ponds was increased to 1 m and this may have ecologiaztions.

8.2.5 Connectivity of urban streams and ponds

Within the complex urban water management framework of the ACTinth&etween urban ponds
and urban streams is nebulous despite their intrinsic connectiviy.drephasis has been placed on
the management of urban streams, but this is changing with the iritoodat environmental flow
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guidelines (ACT Government 2006) and the activities of community gragseciated with
organisations such as Water Watch (e.g. Ginninderra Waterwatch 20QaQssible ecological
benefit of the stormwater harvesting proposal could be the enhancefmil aquatic health of
urban streams across Canberra through improvements in hydrology ardquality. Often these
streams are discounted as 'concrete drains', but some 66% of tHengtla of Canberra’s urban
waterways have been retained in a natural or slightly modifech f(Table 17; |. Lawrence
pers.comm.). Further restoration of natural channels is currentlg loensidered within Sullivans
Ck, Weston Ck and Tuggeranong Ck. Improved flow and water quality comlitould assist these
and other restoration activities.

Table 17: Extent of ‘natural or slightly modified channel’ retained along Canberra’s urban drains/waterways.

Urban waterway Total channel Natural Urbanisation (%)
length (km) channel (%)

Gooromon Ponds & Halls Ck 21 90 10
Ginninderra Ck 38 90 65
Sullivans Ck 22 40 60
Woolshed Ck 10 90 20
Jerrabomberra Ck 24 90 20
Yarralumla Ck 12 20 90
Weston Ck 6 25 90
McQuoid Ck 4.5 90 20
Tuggeranong Ck 24 30 80
Lower Stranger Ck 5 40 80
Point Hut Ck 10 70 60
Totals 177 66

The ACT environmental flow guidelines do not require environmenteasels from urban lakes and
ponds (ACT Government 2006). This is in part because ponds can only ngsasby overtopping
or via discharge through a valve at the base of the weir, andrgmlted discharges are not
considered practicable. In addition, the release of bottom watet favoured as the water quality in
these layers is generally poor and could have detrimental®fiaaiownstream aquatic ecosystems.
A further reason for not requiring environmental releases from yrtads is that reductions in flow
below the ponds tends to be compensated for by increased run-off from andes (ACT
Government 2006). Actually these interactions do not often influence #iswike urban dams are
maintained near to full most of the time so that moderate flowisflaods overwhelm the small
retardation volume and pass downstream. In these cases it idikebrahat environmental flow
considerations would require a reduction in discharge from the ponds asdratrder to retard the
rapid flood peaks arising from urban stormwater run-off. As the prdpleaesesting of stormwater
from the ponds has the potential to influence their water depths, \eatdr oscillations, flow
retardation volumes and downstream flow patterns, these issuemddmessed in the following
analyses.

8.2.6 Biotic and landscape attributes

The most recent review of the status of riverine and ripapagcias and their requirements in the
ACT is theAquatic Species and Riparian Zone Conservation Strategy, Action Plan 29,a208i
of Ribbons of Life ACTACT Government 2007). This strategy addresses issues reiatagpatic
and riparian zone flora and fauna, and the provision of habitat for béweratened or uncommon
terrestrial or amphibious species that are strongly assodidiiediparian zones. The primary focus
of the strategy is the rivers and larger tributary creekd it contains information on the

73



ECOLOGICAL ASSESSMENT OF STORMWATER HARVESTING

Murrumbidgee and Molonglo Rivers, but in general excludes the highly sdzhAiuggeranong,
Weston, Yarralumla, Sullivans, Woolshed, Jerrabomberra and GinnindegksCHowever it does
make some important general points regarding the protection and sopaytiatic habitat with
examples relevant to urban waterways. In particular it emplsaisemportance of riparian zones as
... ecological or linking corridors, and as a distinctive part of a wider habitasait with special
features such as access to water and often structurally complex vegeTdte river corridors are
particularly important for allowing dispersal and gene flow betweealised populations. The report
suggests that a major threat to riparian fauna in the ACTodifitation and fragmentation of
riparian habitat by land uses, and it highlights the downstream corityeptbvided by movement of
water, sediments, organic materials and living organisms, whednsnthat areas of conservation
value cannot be separated from upstream activities. A particuddevant example is given for the
Molonglo River, where the lower gorge (near the Murrumbidgee Riesfluence), which has
significant nature conservation values, is impacted by upstredumernces of Lake Burley Griffin,
major urban stormwater inflows and lengths of degraded river.

The strategy considers species threatened undedahge Conservation Act 198@&CT), which
includes four threatened fish species, the Murray River Crayfstastacus armatisand the
Tuggeranong LignumMuehlenbeckia tuggeranopgn addition the strategy considers two species
strongly associated with the riparian zones in the ACT, the #medtpainted honeyeaté&rantiella
picta), and the pink-tailed worm lizardAprasia parapulchellawhich has special protection status
and is largely restricted to the Murrumbidgee and Molonglo River valleys angyrtatislopes.

As well as threatened species, the strategy addresses tlevatina of aquatic fauna generally
including platypus @Qrnithorhynchus anatinusand the eastern water radydromys chrysogaster
Platypus are still regularly recorded from the Cotter, Murrdigdeé and Molonglo Rivers. The
eastern water rat is considered common and widespread in then®G€gon and commonly found
in the urban lakes such as Lake Burley Griffin and Lake Ginniad&trey have been recorded from
the Molonglo and Murrumbidgee Rivers, and Sullivans and Ginninderra Creeks.

The strategy suggests key considerations for maintaining andvimgrthe natural integrity of the
rivers and riparian zones including some that are particulddyamet to the stormwater harvesting
proposal:

» protection of the river corridors from the effects of existing and proposed urbalopieent,
possible expansion of recreational infrastructure, and other thredtsasumappropriate
grazing regimes

* maintenance and improvement of linear and upslope connectivity
» restoration of riparian habitat

 maintenance and improvement of in-stream habitat (including dte@mand where
feasible, rehabilitation of native fish populations

* maintenance of wildlife corridors
* maintenance and protection of aquatic ecosystem processes and water quality.

Several of these objectives are reliant on connectivity betwgstem components resulting from
hydrographical fluctuations. These could be influenced by the impactsrofvgater harvesting on
the hydrology of both urban streams and receiving rivers and waterways.

74



ECOLOGICAL ASSESSMENT OF STORMWATER HARVESTING

In addition to theAquatic Species and Riparian Zone Conservation Stratefgrmation on key
management problems associated with rivers and riparian zozresagsulated in specific catchment
management plans and regional reports. Such reports include: The Na@iFal Resource
Management Plan 2004-2016ACT Government 2004c)The Ginninderra Catchment Group
Strategy 200qGinninderra Catchment Group 2000he Molonglo Catchment Strategy 2000-2024
(Molonglo Catchment Group 2005fhe Molonglo River Corridor Boundary StudqiRed-Gum
Environmental Consulting 2007)The Murrumbidgee Catchment BluepritMurrumbidgee
Catchment Management Board 2003); and ACT water reports and Water Watch reports.

The ACTNatural Resource Management PIGKCT Government 2004c), sets broad natural resource
management targets for rivers and creeks in the ACT, and btiza®e been largely endorsed by
specific catchment management groups. The most pertinent taifeteespect to the stormwater
harvesting proposal deal with biodiversity and water quality.

Biodiversity catchment targets manage for biodiversity coasierv, to protect and improve the
biodiversity value of threatened and endangered native species alogiead communities, to
enhance and protect the natural integrity of aquatic ecosystemds,toa manageecologically
significant invasive species and minimise threats to biodiversity.

Water quality and allocation in ACT controlled waters alwaystnoe exceed the relevant standards
in the regulations of th&nvironment Protection Act 1997The provisions of th&Vater Resources
Management Plafil999) andEnvironmental Flow Guidelingd999) and their subsequent revisions.

One particular target for urban waters (WMT3) was included in the NRNItplintroduce measures,
... to reduce the intensity of and the volume of urban stormwater flows siin¢hatn-off event that
occurs on average once every three months is no more than predevelopment size'

The Ginninderra Catchment Group Strate¢@inninderra Catchment Group 2000) reports that for
most of its length the Ginninderra Creek is an open stormwatenehalraining urban and semi-
rural suburbs. According to Table 17 about 90% of the channel length is atinatural form. The
hydrology of the creek has changed through human activities affegtaidy, quantity, and speed of
flows. Water quality within the creek and its tributaries lgracterised by high turbidity, low
dissolved oxygen, high nutrient levels, litter, and stream and tribb&nk erosion. Major goals set
for the catchment include:

* reducing the volume and velocity of urban stormwater run-off entering the creek
» decreasing the amount of visual and dissolved pollutants entering the creek
* increasing biodiversity of the catchment through revegetation

e conserving existing areas of remnant vegetation and enhancing poputtiendangered
species.

The Molonglo Catchment StrategiMolonglo Catchment Group 2005) reports that the biological
condition during 2002/03 wasxtremely impairedbased on sampling by the ACT Government at two
sites below Lake Burley Griffin (Coppins Crossing and Sturtnt¥labefore it enters the
Murrumbidgee River. In most cases dissolved oxygen readings vesye law, there was an
increasing trend in chlorophyll-a concentrations and a number of phosphoredenmes recorded.
Flow peaks have been reduced by Lake Burley Griffin and Scriv@aer and, this combined with
extensive clearing of native riparian vegetation, has resultedstiecam bank erosion and
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sedimentation in waterways producing siltation and nutrient enrichleatriparian ecosystems are
highly modified with only fragments of native vegetation remain{fdA€T Government 2007).
Macroinvertebrate sampling on the Molonglo River (Site 242) indicttat these river sections are
severely impaired to impoverished in their macroinvertebragenaislages (ACT Government
2004d). Densely urbanised sub-catchments generate high levels oftsutsied toxins from
stormwater systems. This state of affairs has led to tkbhroant strategy including a goal addressing
the following aspects:

e water in rivers, creeks, lakes and wetlands is above the nastaradards for healthy
ecosystems and

* within the Molonglo Catchment, only the highly urbanised Sullivans Ciraktary and the
Molonglo River below Lake Burley Griffin are included in the statater harvesting
proposal.

Near its confluence with the Murrumbidgee River, the Molonglo Reeomes more deeply incised
and the vegetation of the section protected within the gorge disbiglysfloristic diversity. The
topography and vegetation of the valley and riparian zone provides anpevildlife habitat and
connectivity (ACT Government 2007). The ecological significancéisfarea is further reinforced
by the Molonglo River Corridor Boundary Stugyepared for the National Capital Authority (Red-
Gum Environmental Consulting 2007). This reiterates the importante @fréa as known habitat of
the pink-tailed worm lizard and notes in addition its frequent usesting and hunting grounds for
various raptors. The river corridor is also home to at lea® figecies of reptile that are
geographically uncommon in the region (stone gecko, marbled geckerneaspper-tailed striped
skink, Boulenger’s skink and the nobbi dragon). Species such as temdasg-necked tortoise and
the black-headed snhake have been recorded at Coppins Crossing (A€hr@av 2001b) and the
area supports a large population of the regionally uncommon eastdanowvalAlso present are
species such as the bush rat and platypus which occur in some afjtheplaols (ACT Government
2001b). The Molonglo River Corridor Boundary Study suggests that thesessped the areas of
the corridor they frequent are natural qualities that are impaidacwnserve in a functioning river
corridor.

The Murrumbidgee River Corridor Management PIJACT Government 1998) sets out the
management objectives for sections of the river including thosemead downstream of the urban
centre that might be influenced by reduced flows due to stormwatarsiag. A number of reserves
and special purpose reserves are dispersed along the river métviee Hut Crossing and Uriarra
Crossing. The characteristics of these areas are descrithedritanagement plan and revisited in the
Aquatic Species and Riparian Zone Conservation Straf8@T Government 2007)Maintaining
and improving the condition of this iconic river is a clear objectif/the management strategies and
this will rely on maintaining appropriate hydrological conditions. Aadetl discussion of the
environmental characteristics is not provided here as lateysimal stormwater harvesting indicates
that it does not have a major effect on modelled 2030 flow conditions in the Murrumbidgee River

This brief overview highlights the lack of data and informatiommfrwhich to formulate links
between flow conditions and environmental responses. However, it does thateotisat areas
potentially influenced by stormwater harvesting have environmeatiaibutes that must be
considered when assessing the water saving benefits of the harvesting proposal.
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8.3  Approach

The objective in analysing the influence of stormwater harvestmgnvironmental attributes was
not to describe the current ecological conditions of the affectedsrand streams, or even to predict
their possible condition under the 2030 flow scenario for which the stoanwatvesting was
modelled, but to assess the impact that harvesting compared to mestimy might have on
ecological conditions using a 2030 flow scenario. Given the paucity abgical data on these
systems there was a need to return to general conceptual modlels offluences on the aquatic
environment and infer as much as possible from the hydrological nmufdeltisociated with the
stormwater harvesting analysis.

Our approach drew on fundamentals common to any pond or stream derivestfiogical theory
informed by observations and study in other systems. For each compond#m etological
assessment we derived a conceptual model from which to infer mabloglevance based on
modelled hydrology. In working from these conceptual models the an&pscally fell into two
parts described in detail in the following pages:

* Preliminary hydrological analysis: Detect and characterise mathematically the relevant
patterns in a range of model time series. These analysesliypicvolved standard
hydrological calculations, such as the estimation of exceedances amdespell analyses.
These procedures are well established and the results standsabbnseful summary of the
expected hydrological characteristics of the ponds and streams, a@oaldion the
assumptions embedded in the hydrological modelling. The results of ahabeses for all
ponds are in 0. Frequently the time series were separated intoesanchwinter periods
where summer was considered as the period November to April ireckusd winter as May
to October.

» Inferring ecological impact: The conceptual models provided the theoretical underpinning
for linking hydrology to ecology. In order to provide a quantitativesssient based on this
understanding, we codified a transparent and replicable set of equatinres to provide
ecological indicators that draw on key elements of the hydrologitalysis. The results of
these analyses for all ponds are in 0.

In describing the methodology we provide illustrative examples $pecific streams and ponds (e.g.
David St Wetland), however these results are not necessggigalt of all ponds, and the
interpretation and conclusions are drawn from considering the completd# sables and figures
provided in Appendices R and S. In some cases it is useful to distingeiween new and existing
ponds. The naming conventions differ for new and existing ponds; new ponds haa® that are
simply one or two letters followed by a number (e.g. WC15). Existing peeds modelled with and
without harvesting using the non-harvesting conditions as a base veaid® new ponds were
modelled only for harvesting conditions and compared with estimated flfothe absence of ponds
as a base case. This means that new ponds sometimes appeaefaffective than old ponds (e.g.
in the nutrient retention analysis) because with a new pond theot ésly the removal of water by
harvesting, but also the action of a newly constructed pond as well.

Base conditions are defined as:
» existing ponds: pond modelled without harvesting

* new ponds: modelled streamflow only at that location.
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8.3.1 Hydrological analyses

Pond Analysis

The hydrological modelling provided daily time series for pond depth, wkund surface area for
the 65-year modelled period. Variations in these attributes are¢oddeanges in rainfall run-off,
stormwater harvesting and evaporation. Examples of base and aywastielled time series of the
David St Wetland volume are shown in Figure 16. There is a stsmonal signal that shows pond
volumes are lowest in summer and that differences between bddeas/esting cases are largest
during summer. Characteristics of the time series considelegng to ecological responses of the
ponds were identified and quantified and included pond drawdown and pond turnover rate.

DavidSt
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Figure 16: Example of model volume time series

Drawdown and surface area reduction exceedance curves

Pond drawdown is the reduction in water level from full and is catiedlas the difference between
the modelled depth time series and pond depth when full. Pond drawdown isfaisaftérring the
time-varying characteristics of pond and lake shore exposure.

The calculation of exceedance curves was the most common proceddré& uderacterise and
communicate patterns in the time series. Exceedance curves yuhetiseasonal patterns and
differences between base and harvesting cases in a wayldlst @ady comparison between ponds.
For example, within any drawdown time series, there is a conbldevariation in drawdown —
periods of no drawdown when the lake is full, interspersed with peribds @rawdown can reach
over 1 m — and this variability needs to be captured and communicatedvay that allows easy
comparisons between different lakes and ponds, and between base antinjapases. An
exceedance curve shows the proportion of the time series for whiaraWweown is a particular
level or greater. An example of exceedance curves for pond drawdown is given inlFigure
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Figure 17: Example of a model time series for pond drawdown, and the equivalent exceedance curve for that
time series

The solid blue curve in Figure 17 shows the curve for the basdrcaammer and the solid pink line
shows the harvesting case in summer. The blue and pink dotted lineshehbase and harvesting
curves in winter. As previously noted, summer was defined asraaiih period from November to
April inclusive and winter encompassed the six months from May tob@c This two-part division
of the year captured the differences between the wet and dry extremes in Canberra.

The exceedance curve in Figure 17 is read as follows. Under teecass a 20 cm drawdown is
exceeded approximately 5% of the time in summer, whereas in thestiagv case a 20 cm
drawdown is exceeded approximately 40% of the time in summer (i.e. 489 summer'). Figure

17 also indicates that drawdown can exceed 1 m in the harvestindesqpéie the fact that harvesting
is switched off once lake drawdown reaches 1 m. This is due to mddalbporation losses which
are as high as 7.5 mm per day in summer, with a mean of 6 mm per day.

The exceedance curves were calculated from the daily data. |dwWata the winter base case
exceedance curve, for example, all the drawdown values for winter seeted from highest to
lowest. The sorting produces a rank order of points, so a point withr rarik is the fifth highest

point in the data series. N is the total number of points in the series, then the percentage exceedance
for a point of rank is 10G/N. In this way we calculated exceedance curves for both drawdown and
surface area for each pond.

Shore dry spell duration

The time percentages in the exceedance curves are calcutatethé full 65-year modelled time

series of lake drawdown, so the curves do not capture the betwarevayiations (for example, a 5%
exceedance which is a relatively rare, large drawdown, cart fesu a handful of extremely dry

years or from a 5% period of every summer). The timing and duratipariods of high drawdown

are significant in the ecological assessment, as it detegnime conditions for the emergent
vegetation growing in shallow waters.

The duration of shore exposure was calculated at two different drawdeaigs, 20 cm and 50 cm. If
a lake has a 1:10 slope at its shore, a 20 cm drawdown correspondsdbeXposed shore, and
50 cm drawdown corresponds to 5 m of exposed shore. We calculated the ofirobesecutive

days for which these two drawdown levels were exceeded and theirshergdosed, and estimated
average recurrence intervals for different durations of drawd®s&a Figure 18 for examples).
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Again, the results are separated into base and harvestingarasesimmer and winter conditions are
shown separately. As an example of how to read these plots, theneftplot in Figure 18 shows
that for David St Wetland, a 20-day period of summer shore exposunrbecaeen at the 20 cm
drawdown level approximately once every 10 years in the basearabapproximately once every
year in the harvesting case. The right-hand figure shows tHa¢ inatse case the 50 cm drawdown is
rarely seen (only once in the 65-year record), however shore exghsat®ns of various lengths
are seen at the 50 cm level in the harvesting case.
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Figure 18: Sample shore dry spell duration plots

To make these calculations for a particular drawdown level 28.gm) all points in the model time
series where drawdown reached this level or greater wereifigiinand then the number of
consecutive days calculated for which this drawdown level was exceeded. Thedrduidaily time
series of drawdown depths to a much shorter time series contdieirtytation of the dry periods
and the dates at which these dry periods commenced. Events of giggardwere then counted, for
example, in the time series spanning 65 years there might be emeteat is 100 days long, two
events that are 80 days long and so on. The average return inteestisnated from these counts: if
there is one 100-day event in 65 years its average returaahterestimated to be 65, if we see two
80-day events in 65 years its average return interval imasd as 65/2 = 32.5 and so on. Where
there are no events of a particular duration they are not markdte araphs, hence each marker
shown in Figure 18 represents the fact that a certain numbeeiifsesf that duration were seen in
the model time series.

Pond turnover rate

The turnover rate is a measure of pond flushing, and is calculaigitiyng the flow of water into
the pond by the volume of the pond. Dividing the inflow (ML/day) by the ponaghwel(ML) gives a
rate as a proportion per day. For example a turnover rate of 0.1 édangtnat one tenth of the pond
volume is flushed per day. Both pond volume and the flow of water out qfotie vary on a daily
basis, so turnover rates too vary on a daily basis. As in thesanalydrawdown in the previous
section, it is helpful to consider both the exceedance curves for pond dur(showing the
distribution of turnover rates in the modelled pond for the 65 year paitd)an analysis of the
return interval for the duration of selected turnover rates comsiderbe environmentally relevant.
An example is given in Figure 19. Note that when the pond is nothgpitie turnover rate reflects
the rate of dilution due to incoming water.
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Figure 19: Example of pond turnover rate graphs showing exceedance curves and durations of periods for which
turnover rate remains below a critical value for phytoplankton bloom development

Streamflow analysis

The construction of new stormwater ponds and the extraction of watereiisting lakes and ponds
will change the flow patterns of urban stream reaches fed by ponfoeveAgain the aim was to
characterise these differences in a way that can inform pessiplacts on the ecology of these
stream reaches. The available modelled hydrological data inclbdespill from individual ponds,
but not the time series for flow in stream reaches. In thig/sisahe spill volume was considered
equivalent to the discharge in the stream reach just below the dond. ilmmediately upstream of
ponds can also be estimated from pond inflow time series and areiswanpf the spill from the
upstream pond and catchment run-off in the intervening stream séltieydrological modelling
for the stormwater harvesting proposal did not include all reachesstieam of ponds (e.g. the
lower reaches of the Molonglo River or Ginninderra Creek) andosodnalyses were not possible
for these sections using the base data set.

As flows in the Murrumbidgee and Molonglo River are important tesssbecause of the ecological
and iconic status of these rivers modelled flow data was obtaiordthe recent CSIRO Murray
Darling Sustainable Yield Project (CSIRO 2008). Modelled histdoiwd, and predicted flows under
climate change scenarios were obtained for the Murrumbidgee &dethe Lower Molonglo River
(Rachael Gilmore pers. comm.) for the period analysed in the stormwaterryegm@osal.

Individual pond inflow and spill

Again, an effective way to characterise and communicate theenat a pond spill or inflow time
series is through an exceedance curve. The procedure was thessdaseribed for pond drawdown:
daily spill values were sorted from highest to lowest and theeptage exceeded calculated from the
rank of each value (percentage exceedance #/NO@herer is the rank andN is the number of
points in the time series). The left hand side of Figure 20 showsample of an exceedance curve
(also called a flow duration curve) for pond spill. The exceedance stiaws the proportion of time
for which a particular flow rate or higher is observed in the time series.
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Figure 20: Example exceedance curve for pond overflow (left) and the same data plotted by volume instead of
percentage of time (right)

The sum of all daily flows over the 65-year model period is ote flow out of the pond for that
time. Dividing this total spill by 65 gives a mean annual outflowe Tistribution of daily flows
contributing to the mean annual outflow volume is shown on the right handfskigure 20. It is
derived in a similar manner to the exceedance curve: the sated flow points are plotted, but
rather than showing the percentage of time for which they arededet shows the cumulative
volume that a flow rate or higher contributes to the total flamnfthe pond. Thus from this plot we
can see the total reduction in spill that results from stormmwetevesting as the difference in the
intercept with the x-axis. The sum of the differences for all povidlse greater than the volume
delivered to demand clusters under the master plan due to extra losses fromiewaporat

When a pond is drawn down for harvesting it requires more watdr to fne spilling level than is
the case without harvesting. The extent to which the zero-spilvinehaf the ponds is changed by
harvesting was quantified using a dry spell analysis of aasirkiihd to that used to assess shore dry
spell duration. All points in the model time series where the wgil zero were identified and the
number of consecutive days in any continuous period counted, so yieldingter shoe series
containing only the dates at which zero-spill periods commenced andluhation. The numbers of
events different duration were then used to estimate the avetage intervals. Figure 21 shows an
example of a graph produced by the zero-spill spell analysis.
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Figure 21: Example of zero spill spell duration graph
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Another characteristic of interest in the spill time series is theaaf the peak events — the points at
which flow rates are a maximum. For each model flow time seveelocated all the peaks defined as
when the daily flow increased from the previous day and decreaagdthg following day. There
are more sophisticated peak detection methods that seek to emdependence between peak
events, but for our purposes this basic peak detection method isesuffior ascertaining the
differences between base and harvesting flows. Once the peaks magnitteigienidied, they were
sorted from highest to lowest and the average return intenemks aderived from this sorting: over a
65-year period if an event had rank.e. is ther™ highest point in the record) then the average return
interval for a peak of that magnitude or higher is estimatdibais/ears (see examples in Figure 22).
We were specifically interested in events of a reasonablly frigquency, i.e. ARIs or annual
reccurence intervals of one to three months). Hence the ARIdsmiesl in units of months rather
than years.

DavidSt
100 .

Base
Harvesting

10

spill: event peak magnitude (ML/day)

1 . . .
0.1 1 10 100 1000

average return interval of exceedance (months)

Figure 22: Example of flood frequency analysis.

Naturally seasonal differences occur in flow patterns in the usbr@ams. They are likely to be
exaggerated under stormwater harvesting as abstraction ratestfe ponds are highest during
summer months when streamflows are already naturally low. Tiféskeences are highlighted in the
exceedance curves and dry spell analyses by showing separat®mpiisimer and winter (where
summer and winter are six-month periods as defined previously). Fare detailed view of the
impact on stream flow the distribution of non-zero flow rates &mhemonth was plotted over the
model record (see Figure 23 for an example). Each panel in tive figpresents a particular month,
and shows the probability density function for all the non-zero flowwkahmonth over the 65-year
period. The area under the curve is set so that it is proportmia tamount of time for which the
flow is non-zero. Where the area is smaller for harvesting b@ese, the impact of harvesting has
been to increase the number of zero-flow days. Our interest inplbisis not the zero-flow
component (as these have been analysed separately (e.g. Figbd PAther to ascertain which part
of the flow distribution is most affected by stormwater harmgsti he probability distributions were
derived using a mixture density fit (Gershenfeld 1998) to the dailysfin each month over the 65-
year record.
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Figure 23: Distribution of non-zero flows, as estimated by the mixture density fit to the pond spill for each month
over the 65-year record (blue: base; pink: harvesting)

Total monthly flows from the ponds were also plotted by month to highégpected changes to
flow patterns under stormwater harvesting (Figure 24). Each panel in Rigsteows a total monthly

spill for each year of the record in that month. These are sodedhighest to lowest, so that points
in each panel form an exceedance curve similar to those shown phevimain, these graphs were

used in subsequent ecological analysis to provide insight to the hydedloganges expected under
harvesting. Note that monthly eightieth percentile flow levels are shown on eslop&igure 24.
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Figure 24: The total spill for each month. Each point in the graph represents the total spill in one month in one
year of the 65-year period. Blue: base; Pink: harvesting. The horizontal bars marked in each panel show the 8o™
percentile of the monthly flows (i.e. the flow rate which 80% of the monthly spills exceed).
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Cumulative downstream impacts

The hydrological analysis so far has been pond-specific, and indigdayaths and quantities were
derived for each pond or lake. The ponds are interconnected according totieeRtaure 14 and so

have cumulative impacts on the streamflow of the MurrumbidgeeerRand its tributaries

(Ginninderra Creek, Molonglo River, Tuggeranong Creek), and a cuwailatipact on Sullivans

Creek before it enters Lake Burley Griffin. The hydrological modellivag informed our analysis did
not model the flows in the lower reaches of these streams, anddchdrmdodel the flows in the

Murrumbidgee River. From the modelling time series availabte asuld consider only the
cumulative pond contribution to these stream reaches, but not assegsiewontributions impact
the overall stream flow characteristics which are comprised not only of pored spill

The cumulative contribution of ponds to a particular stream waslatdd by summing the spills of
those ponds directly connected to that stream. For example, the cootrituBullivan’s Creek is
the sum of the flow from David St wetland, NC9-11 and NC18. Even tho@8h<3n the Sullivan’s
creek stream line, its flow is linked to NC18, and so the smihnfNC18 captures the combined
effect of G23 and NC18. For each stream (Sullivans Creek, Ginren@zeaek, Molonglo River,
Tuggeranong Creek and the Murrumbidgee River) the contributing pond &gite summed and
these time series of cumulative flow used to calculate floveedance curves and summed monthly
spills as previously described.

These calculations do not provide an indication of how the total flotese streams are influenced
by harvesting, but rather a time series of the differencesebetWwase and harvesting cases, which
may be subtracted from the total flow in a stream reach toge@n estimate of the impact on the
total flow. The hydrological modelling for the stormwater proposalmitlinclude flows in these
lower reaches and measured time series from gauges couldussd® address this question as the
stormwater analysis uses a 2030 climate scenario.

The CSIRO Murray Darling Sustainable Yields (MDSY) projentiuded the catchment of the
Murrumbidgee River in its analysis (CSIRO 2008) and modelled fiaveger 2030 climate change
scenarios. The results from this work were made availableh@RaGilmore pers. comm.) and
provided data on the lower stretch of the Molonglo River downstreadrakef Burley Griffin, and for
the Murrumbidgee River. It should be noted that there are differdvetesen the 2030 climate-
change assumptions used in the two different projects, so agaimipastant to view results with
care. As with all our analyses, they are conditional on model assm@nd there are many
characteristics in the real world systems that are not @ptarthese models. The value of the
modelling in this project is not to predict the exact time courseydfology in the system, but to
offer insights into how a system would change under stormwater stiawye- it is this relative
guestion of assessitige changesinder harvesting that is important.

Analyses of the effects of water harvesting on stream flafweceiving waters has focused on the
Murrumbidgee and Molonglo Rivers. Four time series were availbta two locations in the
MDSY modelling, the Murrumbidgee and the lower Molonglo Rivers. 867381 is on the
Murrumbidgee River above the Molonglo River junction, while site 410756&nighe lower
Molonglo River. To estimate the flow in the Murrumbidgee below tlwolblo junction the daily
flows from the two sites were added. The four time series available fromoeatioh were:

» predevelopment flows with historic climate — (natural)
» current development flows with historic climate — (present)

o future climate (2030) flows for the 10 percentile of global climaiedels (GCM) —
(Change 10)

» future climate (2030) flows for the 90 percentile of GCMs — (Change 90)

The difference time series calculated from the cumulative poifid were subtracted from these four
MDSY time series to show the impact of the harvesting on tiwtl flows. Exceedance curves were

85



ECOLOGICAL ASSESSMENT OF STORMWATER HARVESTING

calculated (Figure 25) along with the summed monthly flow (Fi@&eand spell analyses carried
out for dry spells (Figure 27) and flow peaks (Figure 28).
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Figure 25: Exceedance curve for MDSY modelled flow both with and without harvesting (Murrumbidgee River)
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Figure 26: Monthly flow in the MDSY modelled time series for the 65-year record, both with and without
harvesting (Murrumbidgee River)

Molonglo: MDSY natural scenario
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Figure 27: Example of zero spill spell analysis for MDSY natural scenarios (Lower Molonglo River)
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Molonglo: MDSY natural scenario
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Figure 28: Example of flow peaks analysis for MDSY scenarios (Lower Molonglo River)

Uncertainties in hydrological analyses

It is important to note that these analyses and the model raselisin these calculations are based
on several assumptions. In particular, to infer the effects adrveatraction on lake drawdown and
lake surface area, relationships between lake volume and degtprescribed in the hydrological
modelling. These relationships were estimated from basic hypsonassumptions that do not
capture many of the complex characteristics of lake geometnyarticular, if the modelled shore
slopes are steeper than reality, the modelling results ingb@strwould indicate an under-estimation
of the drawdown and the surface area reductions associated withhaatesting. Furthermore, the
same end-user demand for the harvested stormwater was assunasth fipeag, and yet it is expected
that demand will vary from year to year. Uncertainty due t® ykar-to-year variation is highest in
summer. For these reasons, the actual drawdown and surface aretiomedstimates carry
uncertainties that have not been quantified.

8.3.2 Ecological responses

Aquatic vegetation in ponds

The functionality of urban ponds for sediment and nutrient removal is exthdoycthe presence of
both submerged and emergent aquatic vegetation and maintenance \a&fgttition is a critical
aspect of pond management (Wong et al. 1998; Lawrence 2001a; Victaram@ter Committee
2006; ACT Government 2001a; Hoban et al. 2006). The presence of vegetstiameaites a range
of habitats that support aquatic organisms and contribute to sustajniaiicadiversity (Blackham et
al. 2006). The diversity of aquatic organisms is enhanced by incred®ngange of aquatic
vegetation types to provide a variety of habitats and food resoueeause of their different life
forms and reproductive cycles, aquatic macrophytes generally incoomes defined by water depths
and inundation frequencies (Wong et al. 1998; Lawrence 2001a; Victoriamv&iter Committee
2006; Hoban et al. 2006), the conditions within these zones determining iitg gad health of the
plants that occur. A general zoning pattern adapted from severakesasrdepicted in Figure 29
along with a notional estimate of the inundation frequency required tairsygants commonly
occurring in the various zones (Wong et al. 1998; Victorian StormWaemmittee 2006; Melbourne
Water 2005; Hoban et al. 2006). The location of zones in a pond with a kipget1 in 10 is also
shown to provide perspective. Water depths depicted on the vegetagomoninally separate the
four major overlapping plant zones of ephemeral, emergent, submengertheadeep open water
zone where phytoplankton generally dominate. The emergent zone carthee fwbdivided into
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shallow marsh, marsh, deep marsh and deep emergent areas whickjitddhg ephemeral swamp,
are most likely to be affected by fluctuations in water depth.
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Figure 29: Wetland plant zones, inundation requirements and locations on a 1:10 slope

The inundation frequency line indicates that various wetting and deyirigs are required by plants
in the different zones and that a static water level will gaitinually support all of these zonal
groups. However, identifying and delivering the inundation requirementpéaific plant species is
a difficult management task and frequently the detailed infoomatin which to make such decisions
is not available (Hoban et al. 2006). To try and circumvent this probbem still provide an
indication of the capacity of each stormwater harvesting pond to suppoditerse macrophyte
community, the following analysis assesses the responses of furagtional plant types occurring
across the inundation zones. Four functional plant groupings were identifiesisting of,
ephemerals, annuals, perennials and submerged species. The ephemsubhrarded species are
included in Figure 29 which indicates their respective requirefoertther damp, rarely inundated
conditions or continually inundated with rare dry periods.

The likely responses of plants from the major functional groups riouginundation frequencies
over a 10 year period were estimated from literature souwlesd et al. 1998; Melbourne Water
2005; Victorian Stormwater Committee 2006) and expert opinion. In Tableellgft hand column
shows the average return intervals (ARI) in years rangiog fi—10 that were considered in the
analysis. The body of the table is in two parts, the left handosefir dry periods of >75 days
duration and the right hand section for dry periods of 50-75 days duration.trheggeriods were
selected because many aquatic macrophtes can withstand dryingritmtspef a month or two
through different reproductive or physiological mechanisms, re-engeogire-colonising once water
returns. Re-establishment generally requires several week®mths depending on the functional
type, so if dry periods last less than a month then successfuhgéon and establishment of plants
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in the intermittently re-defined zones is less likely to odmerause re-inundation will reduce their
probability of survival. Conversely, longer periods without water, @afhe during the growing
season, will impact more severely across a range of plans tymesing significant changes in
community composition and plant biomass. In this analysis it is corsideat dry periods of less
than about one and a half months will not greatly influence the divefsplants supported within a
pond. Dry periods having the greatest effect on plants are consaetiedse that comprise a third or
more of the growing season, which is defined here as the period Navenmferil and is 180 days
long.

Table 18: Agquatic macrophyte responses to 50—75 day and >75 day dry periods with 1-10 year return periods

(ARI)
Considered across the depth range of 0-0.8m using 0.2m and 0.5m depths as indicators
>75 day 50-75 day
ARI Dry Relative Dry Relative
Years Ephemerals Annuals Perrenials Submerged Ranking Ephemerals Annuals Perrenials Submerged Ranking
1 - - + - 1 - + + + 2
2 + + ++ + 3 + + +++ ++ 4
3 +++ +++ ++ ++ 5 +++ +++ +++ +++ 6
4 +++ +++ +++ +++ 6 ++ ++ +++ +++ 6
5 +++ ++ +++ +++ 6 ++ ++ ++ +++ 5
6 ++ ++ ++ +++ 5 ++ ++ ++ +++ 5
7 + + ++ +++ 3 + + ++ +++ 3
8 + + ++ +++ 3 + + ++ +++ 3
9 - - + +++ 1 - - + +++ 1
10 - - + +++ 1 - - + +++ 1
Score
No dry period 1

Each section of Table 18 is further divided into the major functi@ualatic plant groups,
ephemerals, annuals, perennials and submerged. Under each of these laadidgstion of the
extent of diversity likely to be supported by the water regsraepicted by plus signs. In developing
this response matrix, each functional group was considered individudlltha likely response to the
dry period for each of the return intervals was assessed.

Within each functional plant group the scores indicate whether conddienbetter or worse for
supporting diversity of that group. These scores are not quantitattveéhree pluses are not three
times better than a single plus, but they provide an indication afsdivextent over a scale ranging
from zero to three. The lack of a plus sign does not necessatibate a total absence of the group,
but a strong suppression of their presence and a low probability of iegtengersity. Because each
functional group was considered independently the scores cannot be quahtitatimpared across
groups, but the patterns can, and it is the patterns of diversity that the anaksi® skscribe.

An improved probability of enhanced diversity may be associatedingthased plant biomass, but
this is difficult to quantify, especially as the analysesbaised only on hydrological conditions while
the influence of other environmental attributes such as nutrientsghm@ide not included. However,
it is reasonable to expect that conditions more supportive of enhancedtylieera functional group
might be accompanied by an increased biomass of that group.
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After scoring each of the functional groups, for each return timefarehch dry period, a relative
ranking index between 1 and 6 was given across all cases wittig period category. This
combines the scores of the likelihood for increased diversity athesfunctional plant groups and
indicates the order of conditions expected to support an increased prglhitiproved diversity
for that dry period type.

The diversity responses of the functional plant groups to the diffeirgitig regimes were then
assessed over a depth range of 0-1.0 m. The 1 m limit was sesddha maximum drawdown
modelled for the harvested ponds was 1 m, and with an assumed shoref dldpel0 (Figure 29)
rooted vegetation will be impacted to this depth. At any point withénG—1 m depth range it is
possible for 50-75 day dry periods and >75 days dry periods to occur. Toittealueh cases a
combined scoring matrix was devised which gives precedence attagone or other of the drying
periods depending on the ARI. The relative ranking of the priorityngrgeriod (Table 18) was used
in the matrix (Table 19) to create the interaction scores. iergéthe relative ranking for the >75
day dry period was given precedence unless the 50-75 day dry periocedauore frequently, in
which case its relative ranking was used. Note that ARVmgiequivalent relative rankings within
the different dry spells have been combined in Table 19. A descriptibmo of the columns in
Table 19 demonstrates this approach. If the >75 day dry period occurs with andkRRl\adar then it
is more likely to determine the plant diversity than a 50-75 dgpyeriod at equivalent or longer
ARI's, consequently all values in the first column in Table 19sateo 1. In contrast, if the >75 day
dry period occurs every 9-10 years, then the plant diversity oveteshione periods will be
determined by the ARI of the 50-75 day dry spell. Consequently thecfihahn of Table 19 re-
iterates the relative rankings for the 50-75 day dry spell given in Table 18.

Table 19: Combined scores for 50—75 day and >75 day dry periods of various ARI

>75 day
Dry ARI
1 2 3 4-5y 6 7-8y 9-10y
1 1 2 2 2 2 2 2
2 1 3 4 4 4 4 4
50-75day  3-4y 1 3 6 6 6 6 6
Dry ARI 5-6y 1 3 5 6 5 3 5
7-8y 1 3 5 6 5 3 3
9-10y 1 3 5 6 5 3 1

Two indicator depths, 0.2 m and 0.5 m, were chosen to assess the imgactconhditions at the
water edge. Each was scored using the combined matrix and thgeagéthe two used to estimate
the overall capacity of the system to support increased aquaticdiversity. The dry spells at these
two depths were analysed as described in Figure 18 providing a basis for sochipgréaccording

to its drawdown characteristics. Data is provided for each pond famlacombined score with
harvesting in place and also as the difference in scores betinebase and harvesting scenarios to
indicate the direction of change brought about by stormwater harvesting.

Phytoplankton risk in ponds

There is considerable concern that phytoplankton blooms, especially ofdyamobacteria, may
occur in urban ponds and lakes, restricting their recreational usedundng their ecological value
(Burge and Breen 2006). Phytoplankton growth rates are affected lmeaamge of environmental
conditions including availability of light and nutrients, and temperateffects on thermal
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stratification and growth rates. Population increases are alsdledrby losses such as grazing and
washout. In urban ponds and lakes where water residence time can be wsgirout of
phytoplankton cells is a major restriction to bloom formation cimtaithe occurrence of blooms
despite other conditions being suitable for their development. Numerolysemnaescribing the
influence of detention time on phytoplankton population growth have been publRegdo(ds
2003; Sherman et al. 1998; Burge and Breen 2006) and these provide the lthsigotibwing
analysis. In particular, Burge and Breen (2006) describe thesectisagin the context of urban
ponds.

The exponential growth of phytoplankton populations is described by the spgafith rate p,
(1=In(N/No)/t, where t is the number of days, the final cell concentration and,the initial cell
concentration) which quantifies the potential increase in cell numbersimeerThe reduction in cell
numbers due to washout is described by an exponential dilution function D, guagntife rate at
which a passive tracer is removed from the pond due to the inflavater without the tracer (D=
In(C/Co)/t where t is the number of days, fie final concentration of the constituent angdti
initial concentration). This is also termed the turnover ratdefwater in the pond and is usually
calculated as the ratio of the inflow volume to the pond volume. Whetuthever rate and the
specific growth rate are equal then phytoplankton cannot increase bersias cell loss by washout
matches the cell increase due to growth. When the growth ratedsxite turnover rate of the water
then population increases can occur, with the net rate of increasadotgpen the extent by which
growth rate exceeds the turnover rate. If growth rates ame tlemn the turnover rate then
phytoplankton cell numbers will show a net rate of decrease datsirby the difference between
the growth rate and pond turnover rate.

A typical phytoplankton growth rate in natural waters is a doublinthefpopulation every three
days, which is equivalent to a specific growth rate of 0.23 /day (Westwood and GanBaagetand
Breen 2006). Faster growth rates can occur, especially if reduged)ue to thermal stratification
becomes advantageous for buoyant cyanobacteria (Westwood and Ganf 2004rHoran water
bodies incorporating best practise design are shallow with a $arfece area per volume and are
subject to wind forcing and diurnal convective mixing which help prepengistent stratification
(Burge and Breen 2006). Light limitation is also less likelyhiaste shallow ponds and under these
conditions the nominated specific growth rate of 0.23 /day is considepeesentative of partially
mixed and well mixed systems (Westwood and Ganf 2004).

Phytoplankton blooms of cyanobacteria become a problem when cell numbeesl €0 000 /ml,
with the time taken to reach this level depending on the net gratdhand the size of the starting
population (Burge and Breen 2006). Assuming a starting population of 100roklhe time to
taken to reach problem concentrations at the nominated specifichgraetis ca. 25 days. However,
the actual rate of increase in a pond is given by the net gresghwhich is the difference between
the nominal specific growth rate and the turnover rate of the pottte thirnover rate of the pond is
equivalent to 10% of the specific growth rate then the phytoplanktosaisemwill occur at 90% of its
maximum rate and the time taken to reach a problem concentratiobew28 days. If the pond
turnover rate is 20% of the specific growth rate then the thoeeases to 31 days. So as the pond
turnover rate increases, the period required for bloom formationradseases. In the analysis used
here, periods of time are identified when the pond turnover rate @ (e%s of the nominal specific
growth rate (i.e. the pond turnover rate is 0.023 /day or less and the phytoplanktdnrgtevig 90%
or more of the nominal specific growth rate).

An exceedance plot for the daily turnover rate was derived fdr efathe ponds with and without
harvesting as described in the hydrological methods (Figure 18puh exceedance curves do not
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indicate the length of sequential periods of a response, it is tblgawery low turnover rates are
common in some ponds. In Yerrabi Pond for example turnovers >0.01 per dayooamuly 15% of
the time so that the mitigation effects on phytoplankton growtls rate expected to be minimal
(Figure 30).
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Figure 30: Turnover rate exceedance curve for Yerrabi pond. For other ponds see 0

To account for the time required for bloom development, the frequencibdiisin of sequential
days with turnover rates of 0.023 /day or less was derived for each pond and used te ealetdge
return intervals for the different durations of consecutive daysedan the nominal specific growth
rate a period of 28 consecutive days was considered sufficiently long to result indglopaent of a
phytoplankton bloom and this value is shown on the graphs of averageinéduval as a horizontal
green line. For example in David St. Pond (Figure 19) theretlis @tfference with or without
harvesting and the typical return interval for the occurrence bgwe supporting phytoplankton
blooms is about once a year. The average recurrence time of bhlppartng conditions is used as
an indicator of the phytoplankton bloom risk and provides a basis fossasgethe impact of
stormwater harvesting. Note that this analysis does not indicate whé&ibes will actually occur or
not, but determines whether flow conditions are consistent with thgseéree for blooms. The
analysis is appropriate for making comparisons between ponds ofhiftemlogical potential to
support blooms. The same analysis can be carried out with a raggewth rates if more or less
conservative indicators are required.

Impact on water quality

Wetland water pollution control ponds are generally used to improter waality in urban streams
although their ability to do this varies widely and depends on chasticte such as the hydraulic
loading (Wong et al. 1998; Melbourne Water 2005; Victorian Stormwater @teer2006). Detailed
models are available for estimating the ability of wetland upiolh control ponds to retain
contaminants such as nutrients and sediment but they usually reqaiteddetformation on pond
characteristics including morphology which are not well definedHerproposed harvesting ponds
analysed here (Lawrence 2001b). Instead, a simpler approach has beenbaseskon empirical
relationships between hydraulic loading and nutrient retention (Wond. et988; Victorian
Stormwater Committee 2006). Where ponds retain nutrients this hasltaatages for downstream
environments. Firstly, the reduction in nutrient concentration decrabheesxtent of biological
uptake by organisms reliant on nutrients in solution. This can help réldegrowth of organisms
such as algae, phytoplankton and submerged macrophytes which in high etincentan become a
nuisance or even a health risk. Secondly, a reduced concentration awsutikans a reduction in
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the total load of nutrient being carried downstream that may endcaymalating in receiving
systems such as a ponds, lakes, or slow flowing rivers. The l¢@izhl reduction achieved by a
particular pond is a function of its capacity for nutrient concentrateduction, but also the volume
of pond discharge.

Phosphorus is considered a particularly important nutrient in the eutadiphi of inland waters. To
reflect this status, the retention of total phosphorus (TP) is ugedalsean indicator of a ponds
capacity to reduce downstream nutrient loads. As the removal by Tban ponds appears to be
similar to that of total nitrogen, the analysis should provide argemelex of flow effects on water
nutrient quality (Wong et al. 1998; Victorian Stormwater Committee 200®&) rélationship between
TP retention and hydraulic loading as presented by Wong et al. (1998pwn in Figure 31.
Hydraulic loading is defined as pond inflow divided by pond surface area.
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Figure 31: Changes in outflow TP concentrations as a percentage of inflow concentration with hydraulic loading
(from Wong et al. 1998).

The hydraulic loading of each pond was calculated and the percent oadacliP concentration in
the outflow estimated from the equation in Figure 31. This valuesulatsacted from 100 to give the
percentage nutrient retention in the pond and used as one measureffactineress of a pond in
moderating nutrient conditions. The hydraulic loading can be calculated) esther base or
harvesting inflow rates for existing ponds, however the resultsudrgtantially the same and only the
base case inflow was used in calculating hydraulic loading. Inktbenae of regular and reliable
nutrient monitoring data the inflowing TP concentrations are unknown ameérgassumed to be
equivalent across ponds. If there are large differences in TRmpatons between pond inflows
then this index will not reflect those differences.

Similarly, the following calculations of the nutrient loads passlog/nstream do not account for
different inflowing TP concentrations and the load reductions arehtegigonly by the volume of
water passing from a pond. On the other hand, assuming equivalent inflowingtcatimes of TP to
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all ponds does standardise the indices so that the capability of poneldutte nutrients can be
compared. The following steps were taken to calculate a nutrient load reductiotomdica

1. For existing ponds we assume no change in nutrient retention efficiemagver there is
still a load reduction in downstream flows due to direct removaladér through harvesting
from the pond. Here the load reduction indicator is calculated as:

[output fraction*(base mean daily spill — harvesting mean daily spill)],

where the output fraction is the proportion of incoming nutrient passing throegiond and
was calculated from the equation in Figure 31.

2. For new ponds the load reduction is due to two effects: increasedntuéiention due to
creation of a pond and the direct reduction in load due to removal af fn@tethe system.
Here the load reduction indicator is calculated as:

[base mean inflow — (output fraction)*harvesting mean daily spill].

This assumes that there was no significant nutrient retentioheirstteam prior to pond
construction giving a notional output fraction of 1.

Stream flow changes

As described in Chapter 8.2.3, many characteristics of stream flow cama#laeological responses
depending on the organisms present and their location within the chamipar@an zone. The data
available for analysis from the stormwater harvesting propargathe estimated pond inflows and
outflows with and without water harvesting based on modelled 2030 rustoffates. In most cases
pre-development flows are unknown so the original flow characteyiséinnot be used to provide a
template for comparison of the predicted flow regimes. This mikdgficult to interpret the
influence of changing flows on urban stream ecology. Particulardt@sacteristics identified in the
ACT Environmental Flows Guideling®ACT Government 2006) as being important within created
and urban systems were base flows and abstraction limits (Table 1&6YwadACT Natural Resource
Management PlagACT Government 2004c) also identified the need to reduce peak flowrdan
streams (see Chapter 8.2.6).

The outflow from ponds occurring along a water course describedréamsflow just below the
pond. As the distance from the pond increases the reliability ofestiimate decreases due to
enhancement of stream flows by surface run-off, tributary inflames urban inputs. Similarly, pond
inflows provide an estimate of flow patterns just upstream. Ifdhbewing analyses, patterns for
both inflows and outflows are presented but more detailed calculat®psavided for pond spills in
order to demonstrate the influence of harvesting on downstream flows.

Two sections of the hydrological analysis providing information onkdiea regimes are described
in 0 under the headings, Spill and Inflow, and Monthly Flow Patterns. Tlsviog description of
the inflows and outflows of ponds on Yarralumla Creek illustratesinbarpretation of these
measurements (Figure 32).
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Figure 32: Spill exceedance curves and zero-spill spell analysis for ponds W27 and W2. For other ponds see 0
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Ponds W27 and W19 are at the top of the tributaries considered withiiattedumla Creek system.
The inflows to these ponds are those expected under the 2030 climate sbangeo assuming
current levels of urban development. As there are no harvesting @iot& these ponds the
exceedance curves for mean annual volume inflows with and withoutstingveverlie each other.
In contrast, the mean annual volume delivered downstream by outflows gpitisyl is altered by
harvesting as water is removed from the system (Figurdr8#)e case of pond W27 the total annual
volume released is reduced from 0.41 GL to ca. 0.32 GL. The mean annuaé\aglivered by high
flows remains virtually unchanged and differences are lardeé/ to changes in the lower flows
between ca. 1 and 50 ML/day. As a consequence, the percent exceedagedorspill rates show
that flows of 0.1 ML/day which occur 50% of the time without harvestiigoccur 22% of the time
with harvesting. In addition periods of zero flow which rarely occinout harvesting will increase
with harvesting and on average a dry period of 40 days will occur once each summer.

The figures of monthly flow patterns for spills (Figure 33) digdlaw exceedance curves for each
month based on the 65 years of data analysed. Thpe86entile of monthly flows is marked on the
individual monthly graphs to help evaluate changes in flow distributibos. pond W27 the
exceedance plots show that flow reductions occur in summer and thatflowerates are most
influenced. As a result, the 8@ercentile monthly flow in pond W27 is frequently reduced to zero.
Pond W19 shows similar patterns to W27 although the actual values differ.

Pond W2 is downstream of ponds W19 and W27 and so influenced by their harvastnas a
result the mean annual inflow reduces from 2.1 to 1.85 GL (Figure 82pilt volumes are also
reduced by harvesting with the annual volumetric outflow decreasir.b®.3 GL. Reductions in
spills from this pond largely influence downstream flow rates bebd@®wvML/day. As with the
upstream ponds this results in an increase in dry spells. Withowtshiagy dry spells are rarely
encountered; but with harvesting they increase in occurrence so,rageava dry period of 25 days
should occur once each summer.

It is difficult to interpret the ecological implications of tkeelow changes without information on
pre-development flow regimes, but in the absence of such informatidpsesaiust necessarily be
based on general responses observed in urban waterways. Recent lstwdiesuggested that
although stormwater flows to urban streams can impact both watéy qura flow characteristics, it
is the flow impacts that have an immediate influence on the aqumtta, particularly
macroinvetebraes. As a result of the increased imperviousnashar surfaces, and the direct
connection of run-off to receiving waters by pipes and culverem; eslatively small rainfall events
can generate large inflows compared to the run-off expected undealnednditions (Walsh and
Fletcher et al. 2005; Walsh and Roy et al. 2005). It has been arguéethase the timing of storm
events is unchanged, and high rainfalls generally occur in theswetirt of the year, the larger run-
off events will have less of an impact on the stream biotheadisturbance occurs with a frequency
and timing similar to that of the natural catchment to which thene adapted (Walsh and Roy et al.
2005). In contrast, the disturbance from frequent, smaller storms, wimreodf enhancement moves
stream discharge from low to high impact levels, may have mae effect. In the study reported by
Walsh and Roy et al. (2005) these were storms with an average irgerval of approximately 1 in
3 to 1 in 4 months. Similar ARI flows were also identified in thRMNplans (Chapter 8.2.6) as
problematic and were to be combated by reducing flows with this®Rle-development size (ACT
Government 2004c). Based on these observations an analysis was detelagsess the influence
of harvesting on stream flows by estimating the reduction in feak with ARI's of 1 in 1 month
and 1 in 3 months.
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Figure 33: Monthly flow patterns for ponds W27 and W2. For other ponds see 0

Dry spells are a major disturbance to aquatic organisms buktidet ©f impact is dependent on the
ability of different organisms to respond. In some cases, resggsssuch as spores can withstand
desiccation for prolonged periods; while in other cases, organisnaestvate in moist sediments or
other refuges either in adult form or some other lifecycleestdose that can withstand desiccation
often re-appear rapidly once flows are resumed whereas thoseirmyiivi refuges depend on re-
connection of the waterways to ensure redistribution. Attempting to identify thegexadlbenefits or
dis-benefits of particular durations of zero flow is difficult andreneasily addressed by comparison
with pre-development conditions, especially if the aim of manageimententions is to move urban
waterways towards a more natural regime. Knowledge of preajaweht flow patterns then sets a
direction and target against which achievable outcomes can be esimparpre-development data
was not available, interpretations of changes were again reliant on geodwglead information.
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The urban streams considered here are punctuated with ponds and fakesdied behind structures
that completely separate lower and upper stream reaches. dkisflaonnectivity means that fish
are unlikely to be well dispersed through the system and notygedfaitted by zero flows. Even fish
that have dispersed upstream from artificially stocked ponds shoalold¢o retreat back as streams
dry up. In comparison, the macroinvertebrates have a more rabtability to move within the
stream and rely on an ability to recolonise from refuges igas#) or to produce dessication-
resistant resting stages (resistance) in order to surwuegdiFritz and Dodds 2004; Boulton 1989).
Macroinvertebrates are widely used as indicators of ecologicalition and although there is not a
great deal of information on their quantitative responses to dryicgarge index is devised to assess
the influence of harvesting on zero flow periods and their impact certebrate diversity and
density.

It is believed that small streams in the Canberra region flowed intamtlyittexder natural conditions,
drying up at times in summer. A study of the macroinvertebrat@sarimittent streams in Kansas,
USA by Fritz and Dodds (2004) made the following general observationsieAmonth dry period
resulted in an 86% reduction in taxa richness and 97% reduction in densiacadinvertebrates in
the four-day period after re-wetting compared to the pre-dryingnasages. In comparison a two-
month drying period reduced richness by 50% and density by 96% on re-whkttlngth cases the
invertebrates at intermittent flow sites recovered to mesflconditions in 30 days, but recovery was
dominated by colonisation from refuges rather than tolerance to alé®msjcso resilience was
considered more important than resistance in the re-establishment of matebiraterpopulations.

Fritz and Dodds (2004) expected the reduction in macroinvertebrate populations to séatectisra

of the ratio of the dry period duration to the average duration of digdsen the flow record and to

be further modified by the proximity of refugia. In the ACT, the urban pamiklakes, which in
general do not dry out over summer, provide the streams with neafioger sites for
macroinvertebrate populations. Assuming that this connectivitylsfulfie requirements for re-
colonisation, the drying effect on the macroinvertebrate populatioh®eva function of the length

of the drying period. Information was not available on the averagepehipds that might have
occurred in a natural flow record so the ratio approach of Fritz and Dodds (2004) could not be used.

Macroinvertebrates are an important food source for birds and fisplay role in transforming
materials entering from the catchment. Their role in supportimghic links will depend on the
length of time that productive macroinvertebrate communitiesgbatsiing summer (defined as the
six-month period from November to April). Zero flows reduce the mEsef macroinvertebrates
and so reduce the capacity of the system to support populations dependen@acrinvertebrates
as a food source. The period of reduced macroinvertebrate occurrende dem flows was
calculated as the number of dry days occurring with an average meriod of either one or two
years, expressed as months, and added to the one-month recovery perisgsT$ubtracted from
the six-month summer to produce an estimate of the remaining greeésgn uninfluenced by a dry
spell. This index can be compared between locations and with and witheestiray. It is assumed
that longer periods unaffected by zero flows are more satisfactory, busastreams were naturally
intermittent an intermediate value is likely to indicate@ematural situation. However, without pre-
development data this cannot be identified, but a notional scale mighatoeeductions in suitable
conditions below three months duration (i.e. less than half the growemprseare likely to
significantly disturb macroinvertebrate communities).

The cumulative effect of pond harvesting on major downstream waterwas assessed through an
analysis of the flow changes in the Murrumbidgee River and the lkonglo River near to where
it enters the Murrumbidgee. In both these cases modelled floowd@estaavailable describing pre-

98



ECOLOGICAL ASSESSMENT OF STORMWATER HARVESTING

development and current flows, and flow under two climate change E(@6IRO 2008). This
enabled the direct comparison of natural and predicted flows and tialcutd the stream flow
indices described above to assess the effects of harvesting on components afcsilegyn

8.4 Results

8.4.1 Hydrological analyses

A significant difference between the existing and the new ponds exists. Mostexdgtieg lakes and
ponds are larger and have lower hydraulic loading (ratio of inflsutface area) and mean turnover
rate (ratio of mean annual inflow to volume). The new ponds can be camusakesmall waterbodies
that are filled more easily and flushed more rapidly than exigiimgls. A notable exception is David
St Wetland, which is an existing pond with a similar design to the proposed new ponds.

The bulk hydraulic quantities identified in Table 20 represent a bovadview of the pond
characteristics, and will be used in a later section to explain diflesehat emerge between ponds in
the ecological analysis.

The more detailed hydrological analyses resulted in a sergrgyuifis characterising different aspects
of the hydrology of the ponds and streams (see Chapter 8.3.1). The gnaphsH pond and stream
are provided in 0 and tables of quantities derived from these greplicuad in 0. The purpose of
the hydrological analysis was to underpin the ecological analystsit stands alone as a useful
summary of expected impacts of stormwater harvesting on the ponds.

A key assumption in the hydrological modelling was a pond drawdown difriitm. In all ponds
drawdown levels vary from year to year, but are always dt thighest in summer and are
significantly larger with harvesting than without. With harvegti the drawdown in all ponds
routinely reaches the 1 m drawdown limit (typically between 5%1&8d of the time), whereas this
drawdown level is never reached without harvesting. The modelliggests that in the base case
summer pond drawdown for existing ponds exceeds 0.5 m between 0.2% and 7%nw thieereas
with harvesting drawdown exceeds 0.5 m between 13% and 25% of the timereAdetailed
breakdown is provided in Table 97 in O while figures showing drawdows deries and exceedance
curves are provided in 0, but the general finding is that previoasty drawdown events will be
experienced far more frequently. Patterns in surface area chdimgedy mimic the drawdown
changes but note that surface area changes are likely to be aestintlte due to the hypsometric
assumptions underlying the modelling.

The duration of time for which drawdown levels are exceeded is iamgdidr inferring impacts on
aguatic vegetation. A more complete analysis of the impact cetatemn is provided later and here
we simply point to some results of the dry spell analysis whilth ta our understanding of
harvesting impacts on drawdown. Indicative impacts are shown in Zabldnder the hydrological
modelling assumptions, existing ponds rarely experience prolonged periods (>50 days oisy8b day
shore exposure at the 50 cm drawdown level. They either never exdst experienced only once
every approximately 40-50 years (with the exception of West Belcgorad). When harvesting is
enabled the average return interval (ARI) for such events esddcamatically, and so under
harvesting we would expect more frequent occurrences of prolonged pefi@timre exposure
(return intervals as low as three years in some ponds).
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Table 20: Table of bulk hydraulic characteristics

Pond name Volume Surface Mean Hydraulic Mean turnover | Mean turnover
(ML) area (ha) annual loading rate inflow/vol | time vol/inflow
inflow (ML) (m/yr) (y-1) (yn
David St 3.025 0.3 229.7 76 76 0.01
Dunlop Pond 1 13.97 0.7 108.5 16 8 0.13
(Jarramlee)
Dunlop Pond 2 13.91 0.7 52.4 8 4 0.27
(Fassifern)
Ginninderra 3555.2 105.6 9527.4 9 3 0.37
Gungahlin 554.17 23.8 4409.4 19 8 0.13
Isabella Pond 72.001 5.8 3445.4 60 48 0.02
Lake Tuggeranong 2551.5 56.7 6128.5 11 2 0.42
Lower Stranger Pond 61.56 4.1 851.3 21 14 0.07
Nichols Pond 48.001 4.0 134.2 3 0.36
Point Hut Pond 336 16.8 1207.7 4 0.28
Tuggeranong Weir 144 9.6 3558.4 37 25 0.04
Upper Stranger Pond 45.1 4.5 7175 16 16 0.06
West Belconnen 100 10.0 230.1 2 2 0.43
Yerrabi 44417 26.7 1346.9 5 3 0.33
B14 1.728 0.1 1235.7 1430 715 0.001
B28 8.22 0.4 480.6 117 58 0.017
T2 35.66 1.8 550.1 31 15 0.065
T3 28 14 971.2 69 35 0.029
T4 9.26 0.5 1350.4 292 146 0.007
w19 61.68 3.1 1095.2 36 18 0.056
W27 49.24 2.5 775.2 31 16 0.064
WC15 6.024 0.3 448.0 149 74 0.013
WC19 8.24 0.4 209.0 51 25 0.039
WC4 16.41 0.8 17415 212 106 0.009
G23 10.54 0.5 946.1 180 90 0.011
NC14 37.9 1.9 447.8 24 12 0.085
NC18 67 34 1681.3 50 25 0.040
NC911 13.58 0.7 746.7 110 55 0.018
WO 240 12.0 3595.7 30 15 0.067
w2 6.892 0.3 3672.0 1066 533 0.002
WCO 65.7 3.3 2351.3 72 36 0.028
Average current 567.3 19.2 2282.0 20.6 15.3 0.21
Average new 39.2 2.0 1311.6 232.2 116.1 0.03
Median current 86.0 7.7 1029.5 13.2 5.8 0.20
Median new 16.4 0.8 971.2 71.6 35.8 0.03

* Note that the David St inflow rate is likely to be an oviéneste as not all of the flow from the

David St catchment enters David St pond (it is an offline pond).
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Table 21: Shore exposure at 50 cm drawdown. Average return interval (ARI) for shore exposure duration >50
days. Taken from more detailed breakdown in Table 91 to Table 94.

Pond name Base Harvesting Base Harvesting
ARI ARI ARI ARI
(d>50 day) (d>50 day) (d >75 day) (d >75 day)
David St 14 22
Jarramlee (Dunlop Pond 1) 3 3
Fassifern (Dunlop Pond 2) 5 5
Ginninderra 39 3 45 3
Gungahlin 3 4
Isabella Pond 40
Lake Tuggeranong 4 4
Lower Stranger Pond 43 39 49 8
Nichols Pond 39 3 45 2
Point Hut Pond 39 7 44 5
Tuggeranong Weir 47 43 55 31
Upper Stranger Pond 18 10
West Belconnen 6 3 13 2
Yerrabi 40 4 46 3
B14
B28 7 15
T2 3 5
T3 7 13
T4 7 14
w19 3 5
w27 3 5
WC15 9 19
WC19 5 7
WC4 8 35
G23 14 22
NC14 3 4
NC18 4 5
NC911 4 6
WO 3 4
W2 49 39
WCO 4 6

Pond turnover rate is the pond inflow rate divided by the pond volume anésisure of how well

the pond flushes; a shorter turnover time is associated with ar Hiigleing rate. Flushing rates are
important for inferring risk of algal blooms. Given that harvesttan reduce pond inflows (if they
are downstream of a harvested pond) and spills, there is the poséitaiti harvesting can reduce
pond flushing times. Alternatively, given that pond volumes are loweder harvesting, it is possible
that harvesting can increase pond flushing time. Exceedance cumyespell analyses for pond
flushing rates given in O, show that changes in turnover rate iarmah due to harvesting so we
expect harvesting to have a minimal impact on pond flushing characteristics.

Pond inflows and spills were regarded as a proxy for streamflowsediately upstream and
downstream of ponds. In general the impacts on pond inflows are miniittalthe exception of
ponds that lie at the end of a chain of harvested ponds. Changes to penarepilore pronounced,
although not as obvious as might have been expected. The analysis fibpeakents shows that
the highest flow events are barely affected by stormwateresting, and any differences in peak
flows are limited to small changes at low flows. The mainedifiice between base and harvesting
spills is in the number of zero-spill days: a higher proportion ofltve time series is zero, and in
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particular the duration of zero-spill periods is lengthened understargescenarios. The differences
are particularly pronounced in summer. These differences refecfatt that during high flows
ponds are more likely to be full and spill volumes will be baedfgcted by stormwater harvesting.
Under low flows pond levels are drawndown more by harvesting, lengthémengeriod of time
required to fill a pond to the point of spilling. Hence the main diffees in pond spills are seen at
the zero and low-level flows. The ecological implications are discussed in thescéri.

The analysis of the cumulative harvesting from Ginninderra, Taggeg and Sullivans Creeks on
the Molonglo and Murrumbidgee Rivers show that just under 5 GL legssr vilaws to the
Murrumbidgee River as a result of harvesting. This volume igpdsed of approximately 2 GL less
for each of Ginninderra Creek and the Molonglo River and just under le$3Lfor Tuggeranong
Creek. The changes in volume are mostly attributable to chamdew iflows rather than the peak
discharges.

While differences in the contribution of the urban stormwater systenthe Molonglo and

Murrumbidgee Rivers are significant, the impact on the flow dbariatics appears to be minimal.
For all the MDSY scenarios the flow exceedance curves, flowspaadilysis and zero-spill spell
analysis show little difference between base and harvestires.cAgain, as for the spills from
individual ponds, the most pronounced differences are observed at theovesv Tlhere is a small
increase in the duration and frequency of zero-spill periods in the Molonglo Riveriguizart

Consistent across the hydrological analysis is that most ofrtbacts of harvesting will be felt in
summer during periods of low flow.

8.4.2 Ecological responses

Quantities derived from the hydrological analyses and used to sw@kiegical assessments are
described in Chapter 8.3.2. Tables listing the output from these analyserovided in 0 and are
discussed in the following sections. The results of the hydrologiwhlegological analyses are
summarised in Table 26. In this table the eight indices on thehrégtd side of the table that inform
on changes in ecological condition are shown for current and new ponds. dttiwe of the table
the mean and median are shown for the current and new ponds to indicetetivene are major
differences in the way that they behave to hydrological changes.

Emergent aquatic vegetation in ponds

The results of analyses assessing the extent of shoreline drgsparre presented in Table 22. Larger
scores indicate an increased probability of macrophyte diverdityg lgenerated by the near shore
water regime. The average shoreline dry spell for pre-exigtomgls is calculated for both the base
case without harvesting which is the current situation, and witlhetied of harvesting proposed in
the stormwater feasibility study. For the new ponds the shorelinspatiyanalysis is only provided
for the harvesting case as the construction of these ponds is prddigatheir role in stormwater
harvesting. Base cases for existent ponds generally show lowsndiftecting the current practices
of maintaining constant water levels varying less than 0.2 nil (@@vernment 2006). Constant
water levels are expected to support reduced macrophyte diwgitsitfominance by large emergent
perennials and submerged macrophytes. Introducing harvesting to thet quorels generally
improves the likelihood that they will support a diverse arrapatrophytes as shown by the change
in index in the second column in Table 22. The changes are quite vavidbome ponds showing
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little improvement and others significant increases in the indea.fihal column in Table 22 shows
the index for all ponds with stormwater harvesting occurring.

Table 22: Shoreline dry spell index of influence on macrophyte diversity

Pond name Base case average Base case Harvesting case
score (20 cm and change average score (20 cm
50 cm) and 50 cm)

David St 1 2 3
Jarramlee (Dunlop Pond 1) 1 5 6
Fassifern (Dunlop Pond 2) 1 2.5 3.5
Ginninderra 3 3 6
Gungahlin 1 4.5 5.5
Isabella Pond 1 0 1
Lake Tuggeranong 1 4.5 5.5
Lower Stranger Pond 1 1 2
Nichols Pond 2 2.5 4.5
Point Hut Pond 3 0.5 3.5
Tuggeranong Weir 1 0 1
Upper Stranger Pond 1 2 3
West Belconnen 3 15 4.5
Yerrabi 3 1 4
B14 1
B28 4
T2 5.5
T3 3
T4 2
W19 5.5
w27 5.5
WC15 3
WC19 4.5
WC4 2
G23 1
NC14 5.5
NC18 5.5
NC911 5.5
wWo 6
w2 1
WCO 5.5

The new ponds show a wide range of responses with some likely tavagereregimes that support
diverse macrophyte communities while others have a very low paitaithilar to current ponds
without harvesting. This array of responses reflects the iariat return intervals for prolonged dry
periods and highlights an important difference between the old and new porald. ponds the
almost constant water level was responsible for low macrophygesdty scores. The low scores for
new ponds are also due to infrequent long dry periods but in these spaadtés this results from
rapid rise and fall in water levels which means that macrophytes casilgtestablish without being
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drowned out by the returning water. For example, pond W2 experiences dugiericy, large-scale

fluctuations in water level which means that emergent vegetdbes not benefit from the long dry
periods needed to boost diversity. Despite these differences, tlagawaeacrophyte diversity scores
were not very different between the current and new ponds (Table 26).

Phytoplankton risk in ponds

The ARI for the critical number of days when the pond turnover iscgeritly low that a bloom of
phytoplankton has a probability of occurrence is shown for each pond in Zzbleder harvesting
conditions. The full data set is shown in Table 95 but as harvestidg fittle difference to the value
in existing ponds the base case is not discussed further here. Tgandfdhave a higher probability
of phytoplankton blooms (Table 26) with a range of ARI for the aliv@lue of 0.5-1.4 and a mean
of 0.81 (n=14, SE=0.08) compared with the new ponds where ARI's range from B.8 with a
mean of 1.9 (n=17, SE=0.3). Thus some of the new ponds are likely to havé l@oooes but on
average the likelihood of blooms in new ponds is every second year. Béddand W2 have
particularly low bloom probabilities with ARIs of 4.5 to 5.5 years. §beeral reduction in turnover
time for the new ponds reflects the different design criteti@nvan emphasis is on stormwater
harvesting and a desire for ponds to re-fill more frequently soettwssive drawdown is avoided.
As a result the new ponds are generally smaller per unit awndind their mean turnover time
substantially less than the current ponds (Table 26).

Table 23: Critical pond turnover ARI for harvesting conditions

Pond name (existing) Critical turnover ARI Pond name Critical turnover ARI
(years) (proposed) (years)
David St 1.2 B14 5.3
Jarramlee (Dunlop Pond 1) 1.1 B28 2.2
Fassifern (Dunlop Pond 2) 0.8 T2 1.2
Ginninderra 0.5 T3 1.1
Gungahlin 0.7 T4 1.9
Isabella Pond 1.4 W19 1.4
Lake Tuggeranong 0.5 w27 1.3
Lower Stranger Pond 0.7 WC15 2.3
Nichols Pond 0.7 WC19 1.6
Point Hut Pond 0.6 WC4 2.6
Tuggeranong Weir 0.8 G23 1.2
Upper Stranger Pond 1.2 NC14 1.0
West Belconnen 0.5 NC18 1.1
Yerrabi 0.6 NC911 1.8
5.3 wWo 0.8
2.2 w2 4.5
1.2 WCO0 1.2

Impact on water quality

The nutrient retention efficiency and nutrient load reduction indicatasshown for each pond in
Table 26 and in Table 96.
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The nutrient retention efficiencies vary between 22 and 83% folirexisbnds with a mean of 60.6
(n=14, SE=4.9) and between 0 and 53% for new ponds with a mean of 21.8 (n=17, $Exifel)
26). The generally poorer nutrient retention of the proposed new pondding wvith their more
rapid turnover which as discussed in the previous section, also retheeprobability of
phytoplankton blooms occurring.

The calculation of retention does not account for the removal of ngtitignbarvesting but this is
included in the load analysis. The load reduction indicator is estimated as thendéfbetween base
and harvesting loads and is expressed as the change in the meaoathihs a fraction of the
phosphorus concentration. If inflowing phosphorus concentrations are assumesirtoldreacross
all ponds then these factors can be directly compared, but if phosphorestcations are different
for each pond then factors need to be multiplied by the relevant catmmtio estimate the actual
change in phosphorus load achieved by harvesting from a particular pordktailed nutrient
concentration data is not available the effectiveness of the pondessad from a direct comparison
of the indices. A positive value occurs if the base load is @reélan the harvesting load and the
larger the number the greater the reduction in nutrient load. Loadticeddce to harvesting from
the old ponds ranges from 0 to 1.4 with a mean of 0.3 whereas in the newthpralsge is 0 to 7.2
with a mean of 1.12 (Table 26). As noted earlier, the large loadtied@chieved with some of the
new ponds is due to both increased nutrient retention due to the pond constaudtibe reduction
in flow due to harvesting. Consequently the load reduction achieved loyttent and new ponds
cannot be compared, but the indices show the improvement that would &eeddhithe stormwater
harvesting proposal was implemented.

Stream flow changes

Alterations in the ARI of flows that are expected to cause theatgst disturbance to
macroinvertebrates are used to assess the impact of stormwsésting on the ecological condition
of the urban streams. The influence of harvesting on the flows tbat with an ARI of one month
and three months are shown in Table 24 along with the percentageiaedacbccurrence. For
existing ponds the range of reductions was between 3 and 77% with ageadecrease of 30% in
the one-monthly ARI flows (Table 26). In the new ponds the range oftredsidor one-monthly
ARI flows was 2 to 32% with a mean of 11%, substantially less than for the cporeg (Table 26).
The reason for this difference is once again that the current pondsr@erally much larger than the
proposed new ponds. The three-monthly ARI flows are also reduced by inioodwd the
stormwater harvesting proposal, by an average of 16% in existing aodd®6 in new ponds (Table
26).

Any reduction in the one and three-monthly ARI flows is likely to be benkfimacroinvertebrates
and the ecology of the urban streams, but whether these reductiosisffanient to significantly
improve invertebrate community composition is difficult to gaugiavit establishing target flows.
These could be set either by analysis of pre-regulation flonthe§ were available, or by
consideration of hydrodynamic characteristics within the channel, lsutvéis beyond the scope of
the current project. The extent of any benefit will also be influgtdigethe condition of the urban
stream, in particular whether it remains in a natural stal@®been converted to a concrete channel.
In this analysis the flow reductions are considered equally bealeficall channel types as there was
no consistent assessment of channel condition available.
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Table 24: The one month and three month ARI flows (ML/d) that impact on macroinvertebrate communities, and
their percent reduction due to stormwater harvesting

1-in-1 month 1-in-3 month
Base | Harvesting |% reduction Base Harvesting %reduc tion

David St Wetland 4.5 4.3 3 9.8 9.6 2
Dunlop Pond 1 15 1 37 3.4 2.7 20
(Jarramlee)

Dunlop Pond 2 0.7 0.2 73 1.6 1 40
(Fassifern)

Lake Ginninderra 131.8 | 95.2 28 320 283 12
Gungahlin Pond 65.9 51.7 22 158 137.8 13
Isabella Pond 67.1 |51.3 24 147.3 | 117.3 20
Lake Tuggeranong 98.7 72.5 27 235.9 | 185.6 21
Lower Stranger Pond 12.1 11.1 8 27.9 26.8 4
Nichols Pond 1.9 1 48 5.5 4.4 19
Point Hut Pond 19.7 17.3 13 49.7 | 473 5
Tuggeranong Weir 69 52.7 24 154 123.2 20
Upper Stranger Pond | 9.9 9.1 9 22.2 21.3 4
West Belconnen Pond | 1.4 0.3 77 6 4.7 22
Yerrabi Pond 20.5 14 32 55.9 | 475 15
B14 17.2 17.2 0 372 |37.2 0
B28 6.7 6.5 3 14.5 14.4 1
T2 7.7 6.7 13 16.6 16.1 3
T3 19.2 17.7 7 415 | 405 2
T4 27.6 23.7 14 59.7 | 54.6 9
W19 15.3 13.5 12 33 32.1 3
w27 108 |94 13 234 22.7 3
WC15 6.2 6.1 2 135 13.5 0
WC19 2.9 2.7 9 6.3 6.2 2
WC4 24.4 23.9 2 52.7 |52.9 0
G23 18.7 17.8 5 40.4 | 39.7 2
NC14 8.8 6 32 19.1 16.9 12
NC18 33.3 24.9 25 72 60.8 16
NC911 11.7 11 6 29.7 29.2 2
WO 59.7 |46.1 23 129.1 | 112 13
w2 54.4 | 50.6 7 117.8 | 116.2 1
WCO 33.8 |30.2 11 73.1 70.8 3

Dry spells in streams also influence macroinvertebrate populatimhdhe index derived to assess
this is the number of months during summer when macroinvertebratesmaffected by dry spells
(Table 24). Results for existing ponds are shown with and without hiagyesong with the resulting
percentage reduction in duration due to harvesting. For proposed ponds thendaratiown only
with harvesting. The periods when macroinvertebrate populations arfeatedfby dry spells with

an average return interval of one year all exceed three monthtodu(Table 26), even with
harvesting, although for existing ponds there is generally a de@iéase in the indekifror! Not a

valid bookmark self-reference). Dunlop 2 and West Belconnen show an opposite response with
harvesting causing substantial increases in the index. The pesioddith macroinvertebrates are
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unaffected by dry spells with a two-year ARI are signifigalgss than with the one-year ARI for the
current ponds (Table 26) and many are substantially reduced by hayv@stor! Not a valid

bookmark self-reference). Overall 16 of the ponds have the index for dry spells with a &eo-y
ARI reduced to less than three months by harvesting leaving hamehalf the summer affected by
dry spells. The data in Table 98 (0) contains information on the lafdtie dry spells and in the
worse case under harvesting the two-year dry spell ARIhesad52 days, virtually the whole

summer.

Table 25: Length of summer period (months) during which macroinvertebrate populations are uninfluenced by
dry spells and the percent change due to stormwater harvesting

1-in-1 year 1-in-2 years

Base |Harvesting % change Base Harvesting % change
David St 4.18 3.98 -5 3.89 3.60 -8
Dunlop Pond 1
(Jarramlee) 3.98 3.57 -10 3.60 1.58 -56
Dunlop Pond 2
(Fassifern) 3.73 4.27 15 2.84 -0.07 -102
Lake Ginninderra 3.70 3.53 -5 2.81 1.69 -40
Gungahlin Pond 3.96 3.48 -12 3.57 2.54 -29
Isabella Pond 4.17 4.12 -1 3.86 3.69 -4
Lake Tuggeranong 3.84 3.33 -13 3.12 2.22 -29
Lower Stranger Pond 3.88 3.73 -4 3.25 2.89 -11
Nichols Pond 3.59 3.43 -4 2.70 1.23 -54
Point Hut Pond 3.72 3.57 -4 2.84 2.52 -11
Tuggeranong Weir 4.04 3.92 -3 3.64 3.38 -7
Upper Stranger Pond 4.01 3.77 -6 3.60 2.92 -19
West Belconnen Pond 3.57 4.29 20 0.80 1.15 44
Yerrabi Pond 3.59 3.53 -2 2.72 1.65 -39
B14 4.43 4.27
B28 4.04 3.65
T2 3.73 2.88
T3 3.92 3.55
T4 4.02 3.64
W19 3.76 2.92
w27 3.73 2.87
WC15 4.11 3.68
WC19 3.89 3.28
WC4 4.17 3.82
G23 4.03 3.71
NC14 3.57 2.45
NC18 3.84 3.08
NC911 3.84 3.15
wWo 3.62 2.77
w2 4.32 4.02
WCO 3.83 3.01
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Cumulative downstream impacts were assessed on the Murrumbitdédotonglo Rivers. Using

the same indices applied to the urban streams (i.e. changes in thmmiheand three-month ARI
flows and the duration of zero flow periods). In the Murrumbidgee Ringe was no change in flow
conditions resulting from the stormwater harvesting (Figure 34).

In the Molonglo River, there was no significant change in the bligian of peak flows, but
harvesting did introduce a small change in the occurrence of zave With an ARI of one year.
These changed from duration of around eight days to 13 days. This chamgecbnsidered to be
significant.

Molonglo: MDSY change10 scenario Molonglo: MDSY change10 scenario
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Figure 34: Impact of harvesting on zero flow spells and flow peaks in the Molonglo and Murrumbidgee Rivers

8.5 Discussion

This chapter describes the potential ecological and environmefetetisedf introducing a stormwater
harvesting scheme that involves installing new ponds on a numbebasf streams and abstracting
water from both these new ponds and an intermingled number of existing (€igdse 14).
Hydrological and ecological measurements were selected froitlearange of possibilities based on
the data that were available and the environmental characteriet which it was felt robust
analyses could be devised. Predicting the environmental effeckenging hydrological conditions
in urban streams is not a simple task and so the analyses ukedsitudy may provoke considerable
discussion. However, it is hoped they are sufficiently reliablprewide a broad-scale view of the
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potential changes stormwater harvesting may cause, even thoughrtbey many of the subtleties
and use a very restricted set of indicator organisms.

In essence, the hydrological characterisation has involved frequaralyses of time series to
describe pond draw down patterns, frequency of shore line dry spell duratidnsond turnover
times. Flow data has also been analysed to describe the frequstnibutions of zero flow periods
and peak flow events in the associated urban streams. These hyddotbgiracteristics, although
informative in their own right, were further interpreted withpexs to proposed effects on particular
biota. In these analyses shoreline dry spells are associatechadrophyte diversity, pond turnover
with the likelihood of phytoplankton blooms and peak flows and dry spellsban streams with the
conditions supportive of enhanced occurrences of macroinvertebrates. Théupwweér patterns
were also associated with their nutrient retention efficiemay the consequent load reduction to
downstream systems.

The results of the hydrological and ecological analyses are sisachdan Table 26. All of the

ecological indices use an increase in magnitude to designatepesvément in conditions, but the
scales are quite different in terms of both range and magnitude nikies it difficult to compare

responses between indices and to combine indices to determine ah so@m®lor response for a
pond and its adjacent stream reaches. To address this problem tbe lsaee been used in a
deliberative multi-criteria evaluation to develop a synthesised vielediinction of each pond.

6.0

(years)

2.0

Nutrient retention efficiency %
Phytoplankton bloom ARI

0.0 0.1 0.2 0.3 0.4 0.5

Mean turnover time (years)

Figure 35: Change in nutrient retention efficiency and the index of phytoplankton bloom ARI as a function of the
mean turnover time of ponds

The difficulty of synthesising a single measure from the eccébdnhdices is demonstrated by the
data shown in Figure 35. Both the nutrient retention efficiency anddies of phytoplankton bloom
ARIs are functions of pond turnover time, as expected from the déseripit the formulation of
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these measurements. However, the phytoplankton index improves asumeamit time increases

whereas the nutrient retention efficiency declines. The signdiedor a pond of the final balance
between these two will be site specific, and any judgemeikely to be influenced by social and
economic considerations as much as ecological benefits, espaciallipan systems. Some other
indices are complex functions of water level changes resultiogp fthe balance of inflows,

harvesting and outflows and they cannot be expressed as simple gnaplesel cases too, statistical
maximisation procedures provide a way to assess the overall ieablbgnefits that might be

accrued.

It is generally expected that the incorporation of wetland watelitgu@ntrol ponds in urban
systems will improve their ecological condition, helping to redbheeeffects of poor water quality
and enhanced flows that result from urban run-off. The individual asatieseribe general patterns
that inform on the usefulness of the proposed stormwater harvestiegns from an ecological and
water quality context. Of course other issues will also influetheeisions on the benefits of
constructing wetland ponds including maintenance costs and the acceptapoeds by local
communities. These issues are discussed in other sections of the report.

Most lakes and ponds in the system will experience frequent amddeate water level fluctuations,
to drawdown depths exceeding 1 m. In some there will be prolonged peritdw pparticularly in
dry summers, of large areas of exposed shore. The impact of thestirag on pond ecology will be
on the emergent vegetation, which in turn determines the nature ladibbitat for other species. The
conditions resulting from harvesting can favour a greater diyesiemergent aquatic vegetation,
and so improve pond ecosystem health, but this will rely on appropréatesplecies being present at
the pond edge. There will be a need to ensure pond edges are populatagpnatbriate plant
species for these conditions if vegetation is to be maintained.

On average, the macrophyte diversity scores were not vegrahtf between the current and new
ponds despite large differences in their volumes, hydraulic loadimysadumetric turnover, and on
average a moderate level of diversity was supported acrossgbmips of ponds (Table 26).
However, as pointed out earlier, the poor ability of some ponds to suppcrophytes had different
causes for the current and new ponds. Current ponds with a low abgiypport macrophytes also
have a low drawdown activity (Table 26) and it is the rel§ticenstant water level that constrains
the development of macrophyte diversity. In comparison, the new pondwithacrophyte scores
show large drawdown activity as do most other ponds in the schemadiimgcithose with high
macrophyte scores. The different responses in the high drawdown portisgearethe pattern and
duration of drawdown periods. This was explored using drawdown spell anahés reflected in
the 20 cm and 50 cm combined vegetation scores in TablEh26e both show low values when the
diversity score is low despite drawdown fluctuations beyond 0.5 m tmmaiderable part of the
summer. These different patterns in water level will need tacdresidered when establishing
macrophytes.

Large differences in hydraulic loading, or the closely relat@dmetric turnover, between current
and new ponds accounts for the differences in the phytoplankton bloom ARI aiethtnrgtention
efficiency, both of which tend to be lower in new ponds (Table 26). Thepoeds are relatively
small with a high turnover rate, both filling and flushing rapidly.tSaadesign contributes to a high
volumetric reliability and a low risk of algal blooms. The waility in their water levels is high, and
these ponds can experience extremes in water level with a muuodr iigquency than the large
ponds. Their high flushing rates entail a fairly low nutrient ré@entapacity; however they offer a
marked improvement in nutrient load reduction through the combined efféatect abstraction of
water (and so nutrients) and an increased retention efficiency relative to no pond.
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Their small size renders the new ponds invisible to large flamd,the modelling suggests little if
any attenuation, of the highest flows. Rather than curbing these exlems, the harvesting scheme
has its greatest impact on low flows in summer. Reduced suromdlow rates and an increase in
the duration of zero-flow days in summer are expected impadte stérmwater harvesting scheme.
This is reflected in the macroinvertebrate indices (Tabletl2#) rely on changes in the one- and
three-month ARI peak flows and the period of summer not influencedrbyflevs. In the case of
peak flows the harvesting causes a significant reduction in lmthpeaks and this is expected to
benefit the urban streams. Conversely, harvesting reduces the gesiochmer that is not affected
by zero flows, especially for those with an ARI of two years, thigis likely to have a detrimental
effect on the macroinvertebrate community. Further analyses sé firelings, through comparison
with natural flow regime patterns or by consideration of channel hydemdigs would help interpret
the stream conditions.

Interconnections in the system are very important. While individual lake and pogdesnbve been
presented, it is important to recognise that the results hold onlpi®particular combination of
ponds. The performance of any single pond can be greatly affected byanpgtonds. A dynamic
hydrological model connected to the ecological analyses would prouslefal tool for managers to
explore the effects of having different combinations of ponds.

It is apparent that there are tradeoffs between the designeraguits for volumetric reliability, flood
control, nutrient retention or provision of ecological habitat, and itemmended that these
tradeoffs be recognised explicitly in any subsequent, more detailsibtdeand pond design process.
The results provided in this report provide some initial indicatosedan modelling which can
inform more detailed planning.
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Table 26: Summary of pond characteristics including hydrological attributes and ecological effect indices

David St
Dunlop Pond 1
Dunlop Pond 2

Ginninderra
Gungahlin
Isabella Pond
Lake Tuggeranong
Lower Stranger Pond
Nichols Pond
Point Hut Pond
Tuggeranong Weir
Upper Stranger Pond
West Belconnen
Yerrabi
B14
B28
T2
T3
T4
w19
w27
WC15
WC19
wca
G23
NC14
NC18
NC911
wo
w2
WcCo

Average current
Average new

Median current
Median new
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Volume Surface Mean Hydraulic

(ML)

3.025
13.97
13.91
3555.2
554.17
72.001
2551.5
61.56
48.001
336
144
45.1
100
444.17
1.728
8.22
35.66
28
9.26
61.68
49.24
6.024
8.24
16.41
10.54
37.9
67
13.58
240
6.892
65.7

567.3
39.2

86.0
16.4

area
(ha)

0.3
0.7
0.7
105.6
23.8
5.8
56.7
4.1
4.0
16.8
9.6
4.5
10.0
26.7
0.1
0.4
1.8
1.4
0.5
3.1
2.5
0.3
0.4
0.8
0.5
1.9
3.4
0.7
12.0
0.3
33

19.2
2.0

7.7
0.8

annual
inflow
(ML)

229.7
108.5
52.4
9527.4
4409.4
3445.4
6128.5
851.3
134.2
1207.7
3558.4
717.5
230.1
1346.9
1235.7
480.6
550.1
971.2
1350.4
1095.2
775.2
448.0
209.0
17415
946.1
447.8
1681.3
746.7
3595.7
3672.0
23513

2282.0
1311.6

1029.5
971.2

loading
(m/yr)

76
16

19
60
11
21

37
16

1430
117
31
69
292
36
31
149
51
212
180
24
50
110
30
1066
72

20.6
232.2

13.2
71.6

Mean
turnover
rate
inflow/vol
(y-1)

15.3
116.1

5.8
35.8

Mean
turnover
time
vol/inflow
(yr)

0.01
0.13
0.27
0.37
0.13
0.02
0.42
0.07
0.36
0.28
0.04
0.06
0.43
0.33
1.40E-03
1.71E-02
6.48E-02
2.88E-02
6.86E-03
5.63E-02
6.35E-02
1.34E-02
3.94E-02
9.42E-03
1.11E-02
8.46E-02
3.99E-02
1.82E-02
6.67E-02
1.88E-03
2.79E-02

0.21
0.03

0.20
0.03

Harvesting
% of
summer
that
drawdown
exceeds
0.5m
15.8
21.0
13.4
20.1
19.8
0.5
17.0
1.0
25.5
8.9
0.7
5.9
233
18.6
14.1
17.8
20.2
18.8
18.0
20.0
20.2
17.3
19.0
16.7
19.1
20.9
19.1
19.9
21.3
16.7
22.5

13.7
18.9

16.4
19.1

20-cm

harvesting harvesting

combined
veg score

DR OO0, WO U W UL, WU R, W WO R, OO0 N

4.6

5.0
6.0

50-cm

combined
veg score

U= OO U1 U1 VR R WRE U R R DWW R WO R R ROORE R OO R O

3.2

2.0
3.0

Macrophyte Phytoplankton

diversity
score

3.5
5.5
5.5
4.5

3.5

4.5

5.5

55

5.5

4.5

55

55

55

5.5

3.8
3.9

3.8
4.5

critical
turnover
ARl(years)

1.2
11
0.8
0.5
0.7
1.4
0.5
0.7
0.7
0.6
0.8
1.2
0.5
0.6
5.3
2.2
1.2
11
1.9
1.4
13
2.3
1.6
2.6
1.2
1.0
11
1.8
0.8
4.5
1.2

0.8
1.9

0.7
1.4

Nutrient
retention
efficiency

(%)

215
60.9
71.6
69.3
57.8
29.3
66.7
55.7
80.1
72.2
42.7
60.5
83.1
76.2
0.0
5.1
47.2
24.6
0.0
43.8
46.7
0.0
343
0.0
0.0
53.0
34.6
7.6
47.9
0.0
235

60.5
21.7

63.8
235

Load
reduction
indicator

0.0
0.0
0.0
1.4
0.8
0.3
0.7
0.1
0.0
0.1
0.3
0.1
0.0
0.2
0.0
0.2
0.8
0.8
0.2
1.6
1.2
0.1
0.2
0.2
0.2
0.8
2.1
0.3
7.2
0.9
2.3

0.3
11

0.1
0.8

Macroinvert
indicator
% reduction
in 1 month
ARI flows

30.4
10.8

25.5
9.0

Macroinvert
indicator
% reduction in
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9 SOCIAL ASSESSMENT OF STORMWATER HARVESTING

The aim of the social analysis component of the study was to proritdeéa for evaluating
social implications of stormwater harvesting. It also genertite context for interpreting the
criteria and their importance for the community. In this chaptepnaeide an overview of the
rationale of the social analysis, the methods applied and preliminary insights.

9.1 A Social Perspective on Water Management

Provision of water to a community depends on certain institutiorethg@ments, infrastructure
in place and bulk resource flows. We shall call such an arrangeamsotio-technological
regime. A transition in such a regime is usually difficult, lseait represents a stable
arrangement and depends on large investment and long investment cycles.

Systems such as the water supply system in a city tend tinfj@ex and therefore the number
of possible perspectives on them is large and it is harder to pryvef them to be wrong in
simple terms. To make sense of different viewpoints we empyadtion of discourse in our
analysis. A discourse enables those who subscribe to it to inténfoemation and put
information together into coherent storylines. Each discourse restssamptions, judgements
and contentions that provide the basic terms for analysis, debategmagts and
disagreements. Discourses are also bound to power. It is a sign @f ip@estors can get the
discourse they subscribe to accepted by others (Dryzek 1997; Foucault 1980).

From an engineering point of view, water is a resource to be marmdfgctively in accordance
with rational management principles. From a sociological perspedtiere are many other
iIssues to consider. For a range of reasons, issues such as@ecss and water quality have
direct effects on other aspects of social systems, such astpropees (Leggett and Bockstael
2000). We know from a wide range of social and geographic reseatcétes and water
courses have different instrumental and cultural values (Gibbs 2006; Jacks@9©e8a Other
recognised social dimensions are amenity and equity (Espeland 1998,d-H2808). For these
reasons, it is important to understand the shared storylines and whikinfgt when aiming at
intervening into a system to bring about change. The summary on time stoaylines
(narratives) that occurred in the focus group meetings arehedful to identify critical issues
when implementing a new management system (see for exampkhaneat al. 2007 for a
discussion). The findings from the focus group process were then ferplered and tested
through the survey component of the study. Finally, a set of sod¢&i@nvere established and
a social impact matrix was constructed in a community workshop.fulhenethods of the
social assessment are explained in the following section.

9.2  Approach

The social analysis component of the urban waterways project prdceetleo phases. The
first of these was a series of focus groups and the secondwelstzased questionnaire. The
first phase was designed to explore the range of social dimensiomaterf in the ACT in
general and discuss the proposed options in broad terms with informe@ntesiand
representatives of regional stakeholder groups. The focus group daedignbsequent analysis
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was based on a grounded theory approach (Strauss and Corbin 1998) and focused orequalitativ
analysis. In our research we employed an approach that enabled uetatgensights and
formulate a theory about the phenomena we were studying, namely thlkeimptications of
changes in water management in the Canberra region. Our approachased on the
principles of social impact assessment (Vanclay 2003) and involwedemgagement of
representatives of the larger community including resident adspws, environmental
organisations, senior's groups, religious and welfare and organisati®ag)cipants also
included representatives from potential water users, including schebobs and recreation
groups.

Representatives of the community were involved in the researthioi ways. We organised
four focus group meetings to discuss what community representdkivds about water
management in Canberra, and the changes they envisaged would atteungtive sources of
water (such as stormwater) were to be used. Focus groups wdrénhéfeston Creek,
Gungahlin, Yarralumla and O’Connor and involved 32 participants in totalfdiMeved the
general process of focus group design (i.e. a screened or quatifiga of respondents was
gathered to discuss a set of issues). The discussion was lomsetyred, and the facilitator
encouraged the free flow of ideas. The participants were askedpond to a set of questions
(see 0) (Krueger et al., 2001).

Table 27: Criteria for assessment of social impacts

Criteria Explanation of the indicator

Impact on the community Expected overall impact on the place and the community

Impact on households Expected overall impact on households

Appropriateness of pond location | Degree to which the location of a pond is appropriate

Quality of overall project Degree to which the type of pond (new, existing, ephemeral)
and the type of surrounding infrastructure is appropriate

Equity of access to water Agreement to the user structure of supplied water

Equity of access to pond Access for communities and individuals to pond sites

Potential recreational value Impact on recreation including playing fields, walking tracks,
aesthetic appeal

Potential for community Educational value of pond site for schools, families and

education community

Indigenous cultural values Impact on indigenous cultural values

Health impact Impact on human health

Safety impact Impact on human safety

Impact on future housing Limits or enhancements to future development areas

development

Impact on future land prices Impacts on land value

Compliance with Does not compromise existing regulations and laws

regulation/legislation

Ecological habitat Degree to which the pond provides habitat for species

Political support Support from people and the community

Focus groups usually gather people who are more engaged and williogttibute to change.
In a way, participants represent an elite with regard to thenass for new ideas. For these
reasons, we proceeded with the second stage of the methods in theffarmveb-based
questionnaire in order to test whether our focus group results weedlig the self selection
of focus group participants and to allow the community at largesfwrel to the issues around
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the envisage changes in water provision and management. Respondiéngsstiovey were
recruited in two ways:

1. Using a snowball system people who had participated in the focus grveopsnvited
to distribute the questionnaire to their networks.

2. This was followed up with a press release and the questionnairelveatised in radio
and print media to gain a second wave of responses.

In total, 495 respondents answered the questionnaire — an acceptable reseciasgesearch
of this kind (see full questionnaire in 0).

Based on the focus groups' discussion and the results from the questionnaire, we identified
sixteen criteria for the social assessment of options identified in the rplstémable 27).

Based on the pre-selection of options the performance evaluatiorcfocrrion with regard
to each option can be done in two ways:

e either by involving a larger community consultation to arriva gtiantitative input for
the multi-criteria assessment or

« by targeting a restricted stakeholder group.

In this study, 50 community representatives from all sectors wmm@ved to assess the
technical options for stormwater harvesting, sewer mining and uodedrstorage and
recharge with regard to their social impacts. The participaate asked to use a rating scale
for their assessment.

9.3 Results
9.3.1 Findings from focus group discussions

Water is everyone’s responsibility

There was a strong sense that water management is a wioasnoiunity responsibility, from
individuals to organisations, and in all areas of society from politics to résearc

...water is everybody’s responsibility... | think everybody has toyr&zdus on ways
that we can cut down water consumption, individuals, businesses, politicians,
hydrologists, the lot...It has to be a cultural change (FG2)

In the case of the private sector, ACTEW in Canberra, golf ceucamstruction companies
and nurseries were thought to be particularly relevant in termsspbnsibility for water use
and management. In the case of public entities, it was widehpaddged that ACTEW has a
crucial role in water planning and strategies for addressing issues of watér. s
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...Iin terms of developing a strategy for the way in which water gets arsd who is
allowed to use it and where they source it from, that has to be...the responsibiilgy of t
government and ACTEW (FG4)

In addition, the ACT Government in general was thought to have a higty level of
responsibility through its legislative and practical roles thinougfrastructure and parks
management.

...in water management, to a large extent...it really does have to be a gemernm
thing, because at the end of the day, [it's] a lot of it is engineering.calvehave a
role in it...and be consultative, but the bigger picture, | believe, does toabe
government (FG1)

In addition, the Australian Government was also noted as holding sspmnsgility, and at
the time of the focus groups was seeking greater responsibgigemonstrated by the move to
take over management of the Murray—Darling River basin, alsasdls role in distributing
grants for water management projects.

Separate from the various institutional responsibilities, wates very strongly perceived as
the responsibility of individual citizens, as represented by onecjpanit who saw the
individual efforts of residents through his work:

Where | work, there’s a few hundred residents and | actually see hotw anlat of
them have committed themselves to their own input (FG1)

An important aspect of water being everyone’'s responsibilityhés issue of supporting
behavioural change. In part this involves working with planners, bujlded designers to
support changes in behaviour, particularly given a push to build new submdhscaease
Canberra’s population.

Complexity and Governance failure

Another narrative that ran across the focus groups was the compbéxibe institutional
arrangements for managing water in Canberra. This complexitypvaddematic such that
water management in Canberra was characterised by failuges@inance. It was noted that a
whole-of-Canberra perspective was needed for water managenemtstirmwater collection
through to water storage and supply. The worst cases of governdooe &ad complexity
related to water management for Lake Burley Griffin:

. about who is responsible for this area in the ACT. From our perspeittsveery
confusing, whether it's the ACT Government or whether it's the Comeadthw
Government or the National Capital Authority. We're getting very confusstages
from all those people (FG2)

In other cases, there was a strong concern that a piecemealcapanoba narrow focus on
financial efficiency from a single government agency mighatléo a failure in the broader
roles of a given project.
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| don’t see that sort of broader vision...[beyond]... Let's dig a hole, ¢gtsas much
water in there... That's my concern about the government approach to doing anything
like this (FG1)

A strong theme was a concern about the lack of clear informdtatnid accessible to the
public, in terms of what types of water supply options are available, whHethegroundwater,
lake water or other sources. The same criticism was madeféomation about stream flows
and water consumption rates for different areas and types of users.

You should be able to get flow rates... we don’t know what the flow ratetirspaou
should be able to ask for it and they should know that (FG4)

Other participants said some information was available butstimpenetrable for the general
public due to the way it is presented. Overall, complexity anddekcess to information led
to an overall perception of lack of transparency on behalf of govetnagencies, which in

turn led to a lack of trust:

| think there is a bit of distrust from many residents of Canberl@G@FEW'’s role in
supplying water and also the Government’s charging of water. We almost need an
advocate, an impartial independent type person...so that people can get advice, they
can get information [that is] is trusted (FG3)

The concerns over transparency occurred throughout the focus groups butramgest in
relation to Lake Burley Griffin. Participants felt left imet dark about the different access rights
of different users, and also the cost they pay for water, includoifcgurses, the National
Capital Authority, public parks and gardens such as the National Botaardens.
Furthermore, there was a perceived lack of transparency on tiregpof water for irrigation
purposes, with perceptions that some users might be paying moreifavdtey. Of particular
concern was the idea that some public organisations may be payiedghaorprivate entities.
One potential way to address this would be through a trading system.

The concerns along this theme relate strongly to the narratieguity and access issues (see
discussion below), as well as concerns over what should and what shob&wmatered under
times of limited access to water, with golf courses standing out as a point aftmnte

Another aspect of government failure concerned the impacts of they ppanaged policies
when government agencies apply criteria that discourage son@saspthe community from
showing initiative. An example from within the Commonwealth spherepdaitics was
presented through recent changes to the policy for community watgs gvVhile on the one
hand the policy made the grants more accessible, innovative otgarsghat had been given
grants in the past based on early initiative were penaliseddeeteir initial grants limited the
amount available to them under the revised scheme.

Finally, due to Canberra’s location, further complications relatéhéosites of the water
catchments, such as the catchment for Googong Reservoir beingdlanaNSW. It was
pointed out that this means the ACT Government has limited atalityfluence matters such
as land use and subdivision in the relevant catchment area.
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Managing a common good under a market system

A key narrative was the tension that arises between managiaghmon good (such as water)
and the need to generate revenue. It was noted that this problemotvegeecific to Canberra,
as there were plenty of examples from around Australia of tensitwed® the need to
maintain public water infrastructure and the need to make a profit. Qnefwepresenting this
idea was the idea of a tension between the gamekeeper and the poacher:

...there’s an inherent problem between the game keeper and the poacher where
ActewAGL on the one hand is seeking to sell water, and make a profit, and on the other
trying to be a responsible supplier and managing each part of the water cycle (FG3)

A more critical view was that governments abused their rolgraviding a common good to
generate revenue beyond the cost of delivering the service. Qrogppat likened this idea to
generating revenue through poker machine taxes:

...I's a bit like the poker machine taxes—governments have becomeedduiat

and... governments in the urban areas... have treated water as an unobtrusive way of
taxing... Now taxes are fine...,[but]... it means that it's in the interestghef
Government...to actually keep water supply down (FG3)

The implication here was that having an abundance of water supplpwelr prices. Another
view on the tension between managing a common good and the need toegenenatie was
the suggestion that water authorities have been experiencingiltiécbecause their water
consumption and conservation measures have been working 'too well’.tTesuiebeing that
they are not selling enough water and this can lead to revenue psofleenactual impacts of
managing a common good under a market system were not always lole there was
suggestion that if certain management actions, such as increasiply or being too effective
at conservation, were not economically attractive, these wilpramteed under a profit-focused
system.

| think there’s a huge problem there...because ACTEW is making money that of
water, and | think that we need ... a water commission of the ACT, wbidth mot be
money seeking, (FG2)

Above all, there was a strong recognition of the potential for prablemarise from this
situation. As such the recommended resolution to this situation was v dgoublic
commission, such as there is for the MurrayDarling River syshat is independent of such
interests.

Beyond just ponds: more than just supplying water

Across all the focus groups was a theme that water, and watestiag activities need to be
considered as part of a bigger picture, and be reflected in thatebrpeture, such that any
particular initiative is mindful of the water management eystnd its social and ecological
context.
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| think it's also part of the big picture of environmental and sustainabliguleghis is
one element of that. | think we need to be mindful of all the othenardléhings... that
everyone needs to be looking at not just water, but... a sustainable environment (FG1)

At least in part, this broader thinking means revising the weyapproach water in general,
such that issues of reducing demand are on the table in addition tanépoassupply, along
with better matching water quality to its use. As one participant pointed out:

| think the realisation is, it's not a case of Canberra hasn’'t got enough wttewhat
we're using the water for... It's not acceptable to use... drinking wateflushing
toilets, for operating a commercial car wash, for irrigating ovals and lawns (FG4)

There was a sense of tremendous potential for water recydéhgedter water management in
Canberra, but the tendency towards stormwater harvesting through posideevato be of
limited benefit from a water saving point of view. For example:

| just think there is an incredible potential, but ... the ponds... that's a very narrow way
of looking at it. It might sound great to have all these ponds and stormwater,
but...there’s problems with that, because the ponds evaporate... You cartésuck
much water out of the ponds (FG2)

Another way of looking at this was that the ponds are a welcospeirstthe right direction,
provided they are big enough and sufficiently well designed to supplsutiieunding sports
fields and related areas. However they needed to be thought of eashaorsimply a way of
capturing and supplying water. Several participants thought aestlaatit education were
important. For example in considering a stormwater pond and wetlantbaMéston Creek,
residents emphasised the aesthetic benefits of the proposal.

... from an aesthetic point of view, [it would be of] ...enormous value iNVeston
Creek area (FG1)

In other focus groups, participants agreed that aesthetic aspretsmportant and noted the
need to avoid offensive smells that could be associated with stagnant water.

In addition to aesthetic dimensions, supporting education and recreatierthweight of as
extremely important aspects to potential water harvesting psojeor some aspects of the
community these dimensions could be just as important as the wegrg measures
themselves. An example of an idea which would combine recreation, ieduead water
harvesting was presented for an area in Gungahlin:

An opportunity to have... very natural wetlands with some closed water, ggEne
water...some bike trails, some walking trails...it would be a great pag® for a

walk at lunchtime. But also you've got the schools to be stewards of #sanéll as

use it to learn (FG3)

A crucial part of this was the importance of considering an Hraiserved as a place for
people to be able to go exercise, do some bird watching or take their kids to play.
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Access is more of a concern than safety

Safety was discussed across the interviews and several participantdhaatedd to consider
it, particularly in terms of keeping unsupervised children from getting too tdbe water. In
the case of sewer mining there was general agreement that residents weptdtarovided it
is perceived to be safe including community education on the health aspects. However,
compared with the issue of safety, a stronger concern was restricting tacarsgea suitable
for recreation. In essence, safety needs to be sufficient for people to make wseaiomal
areas, but not so excessive that people are discouraged from active use:

[there has]... to be at a reasonable level for safety and for people to go out and enjoy
their parks (FG3)

There was also an aesthetic dimension to safety. Many participants found the atezesftd
be unattractive, and could be excessive in some contexts. Some participants @xpitessm
of the public ‘hysteria’ that can result from extreme measures relating ecngtwater
safety. There was a sense that by preventing access through fences and signsg the publ
become ‘disconnected’ from water and its management in a way that makes therabtalto
ignorance and fear. Participants remembered the past laws against r@sicieti tanks, both
in Canberra and elsewhere, which further emphasised this disconnect and the negative
consequences that stem from it.

Above all, participants expressed their concern about exaggerating safetyutisk
proportion. For example in the case of ponds, it was emphasised that projects would need to be
designed carefully, but that the risks of injury would be very low and manageable.

It's no greater risk than what we have all around the edge of Lake Burley-Griffin
(FG1)

Participants noted that existing ponds that had been designed appropriately in the Gaederra
did not have high risks of injury due to the gradient of the shore and the use of thick reedy
vegetation which serves to limit access to the water yet provides the piiblib@opportunity

to visit the area and enjoy recreation and health benefits.

A need to re-naturalise the water system

Another narrative was that the water system which evolved naturally in e Ca region has
been highly modified through hard surfaces that change run-off and concrete drains which
rapidly move water out of the environment. Several participants conveyed the hatitimese
changes which formed part of Canberra’s settlement have damaged or atdeagited

natural processes. This included changes in the water table, or depleting the grawslaate
result of engineering developments. For these reasons, participants werewitlrealling
watercourses ‘creeks’ that are essentially parts of the stormwatens

Sullivans Creek... is simply an extension of the stormwater system. It's not a natural
creek. It doesn't follow the natural creek lines that were first in existér@é)(

Others described a long-term trend of damaging the environment that needs to lsededres
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I've seen a lot of change in the rivers and everything. ...to go back to our natural state
is really important. All these things these people have been talking about are really
fantastic. | would like to see Canberra go back to that... (FG1)

In this context, there was a sense that the move towards storing water in ponds artt$ vgetla
part of a process to re-naturalise the water system. An example of this threpresented by
the following:

Whilst this is a good start, what we're doing is occasionally interrupting this concrete
canyon and what we should be doing is gradually working back from this and breaking
up the concrete culvert and creating these ponds and areas all the way along (FG1)

In this regard, a single pond or wetland needs to be designed with reference to theadcologic
processes that occurring downstream and upstream.

Comparing with simple stormwater ponds, participants emphasised the potenpia¢ofeeal
wetland areas that could store water in the soil, trap sediments and nutrientofrioig m
downstream and provide an area for recreation and education through interpretivaysalkw
Wetland areas support biodiversity and were perceived as effective in helpeigharge
groundwater which could provide a valuable resource.

If stormwater ponds are to be developed, it would be important to develop them with
surrounding wetland areas to help purify the water in the ponds and to help perform a wider
suite of functions than a single pond can do, such as supporting a wide range of wildlife.

Part of the re-naturalising narrative was the notion that water managewjestgshould look
natural. Participants had a general view of what natural looked like, atlé¢asns of the sorts
of elements that constituted an attractive natural system, such as reesisyegekation and
avoiding concrete as much as possible. For example:

Facilitator: To clarify that discussion there, how would you like it to look?
Participantl: Green.
Facilitator: What else?
Participant2: Reeds are good...I think as natural as possible. As littee dik
constructed thing.
Facilitator: You mentioned concrete before, is that what you're meaning?
Participant2: | think that looks very unattractive myself, yes.
Facilitator: What would make it look attractive or make it look natural?
Participant2: Rock.
Participant3: Reeds. A bit like on Sullivan’s Creek - what's that subwiiere
they’'ve got the wetland...
Participant2: O’Connor. Yes, that looks very attractive... (FG2)
As such the pond and wetland project in O’Connor was a generally seen as a precedest in ter
of appearance, even though participants noted this pond is not supplying water foonragati
such.

In contrast — though they were not thought of as natural — several participants setptisesi
importance of maintaining the health of a number of prominent exotic trees in the parttral
of Canberra that were perceived to have historic value due to their age and ¢heitmel
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landscape design of Canberra. Under drought conditions these trees were considered highly
vulnerable, yet it was perceived it would be a tragedy to see them die givemlkair
Canberra’s heritage.

Economics of water and recycling

The economics of water and its management occurred throughout the focus groups. At a very
broad level, there was a strong recognition that water is extremely valuabigheugh that is

not always reflected in the way it is priced. To put it differently there ve@nse that what we

pay for water doesn't reflect its value to us. Some participants thought thabtlisatange

over the long term, as water shortages become more acute, either throughsnordes&nd
through an expanding population or through decreases in supply associated with climate
change. One participant expressed:

We value water a lot more than we pay [for] it, already | believe, and we’ll be paying
one day what we actually value it for (FG2)

Participants also noted that the treating of recycled water can be expendivarias
according to the original state of the water and the grade it needs to reach.l$owased that
the costs of setting up water recycling projects can be expensive and complidtite split
between private and public investment which is not always in line with commeedidity, at
least compared to current prices for potable water. Given the potential costgyf amer
equipment for treating waste water, there was preference to focus on sterfovat-use
rather than sewage water where possible. Yet even with stormwater ingrtlestcost—benefit
issue applies as noted by some participants who had looked into the matter:

| think they're a wonderful idea... yet we're still facing 75 percent of potable water
charges. It almost comes down to a benefit analysis. Do we use potentially
contaminated water at 75 per cent of the price or do we just continue to turn the tap on
and use potable water that we know is pure and clean?(FG4)

There was a strong recognition that the economics of water re-cycling dicaietential uses
of water. Whilet nominally any water could hypothetically be treated to any sthnlere was
general agreement that current circumstances are suitable to treldtigly clean water for
non-potable uses such as public sporting facilities or golf courses:

...it can be for any use, depending on how purified you make it. | mean, the first use is
going to be places like Royal Canberra or sporting fields, isn’'t it? Economics makes it
that way (FG2)

The energy required to treat waste at sites such as Southwell Park and Duntroon was
considered to be very high and not suitable for commercial application. Howevemibteds
that recent technological advances made the treating of sewerage or@a&fiordable, as
demonstrated in other parts of Australia. The issue of economic viability falirecgewerage
water was generally a larger concern than safety issues.

In terms of economics of water management, it was noted that the ACT institatioh&d in
managing water tend towards large, centralised systems which rely on psrafijgiconomic

122



SOCIAL ASSESSMENT OF STORMWATER HARVESTING

rationalism such as standardisation and economies of scale. However an #iereati
focused on the opportunities for decentralised management options:

...the alternative way of looking at it as a decentralised system... that has many more
components, spread across the landscape... and the technology is now available for us
to do that (FG3)

It was argued that decentralised systems can be more locally tailored tathdstheakes them
economically effective on a case-by-case basis.

Equity issues — who has access?

An important narrative focused on the issue of who should have access to the water in any
given context, from society-wide questions such as the amount of water used inwagritwl
site-specific issues such as the stormwater harvested through new profads. iA point was
inequities in the subsidies for household water tanks: for some locations tanksdatoma

and in some areas there are no subsidies available at all. A significant pointatioorfor
those in central Canberra was how existing water extraction is distributed &aBlurley
Griffin. For example,

...as we understand it, there’s a limit of 710 megalitres a year, which the ACT
Government has determined can be taken out of Lake Burley Griffin for irrigation
purposes, and there are a number of licence extractors ...the question is how that’'s
divided up amongst the authorised extractors (FG2)

A point of contention was that the National Capital Authority (NCA) exerciseshedeigree of
control over the lake, and at the time of the focus group was perceived to be denyiagacces
other water users whilst at the same time increasing its own extractionhthihauigstallation

of new infrastructure.

Participant:  they control the lake, and they don’t want other groups pumping more
water out, but they're putting... more pumps in.

Facilitator: Do you see that as an equity issue...?

Participant:  Yes, very much so. | guess in the end, it comes down to which bit you
want to keep green (FG2)

Use of water in dry times for maintaining lawns (both public and private) was apoihéof
debate. Golf courses in particular were a point of contention for many participatlisti?ar

was simply because they use a lot of water to maintain their facilitied wtaind out as green
when surrounding areas are brown. However, a crucial component to this was that th&acces
the irrigated fairways is limited to those who purchase membership, rather thgropen to

the public.

| think it's a great waste... to use water - potable or non-potable - on lawns and | think
that the NCA... watering Commonwealth Park and the Parliamentary area to have
lawns... that's a complete waste of water. I'm not that stuck on sports fields or golf
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courses either - especially golf courses, because ...sports fields are obviously used...
by much more people (FG2)

It was generally agreed that sports fields, school playgrounds and parks thaherble in

broader public health, through supporting exercise and outdoor play were accepted as areas to
be watered in the interests of supporting a healthy population. However, it was pointed out tha
in recently developed areas such as Gungahlin, even schools and sports fieldaggnegstr

to maintain serviceable grass due to the lack of public investment in watestirag\projects.

Another issue concerning access was not just for the water but access to theendremedits
of projects, such as the education and recreation potential. For example, in considering a
potential project in Weston Creek, the group demonstrated the importance of adcesstéo t

Facilitator: From your point of view, who should have access to such a pond?
All Interviewees: Everybody (FG1)

Participants emphasised that they could not discuss water and who has accesisdotit wi
discussing the purposes that water is used for. This is partly a cultural issugeaatl se
participants drew attention to the ‘green lawn and lush gardens’ mentalithénatterised

much of Canberra’s desired landscape. In this way, the narrative on equity andelatess r

also to the theme of what is natural, and what should be watered in the Canberra environment.

The community is ready for change, but needs some g uidance

A strong theme across the focus groups was that the community is ready for change. Some
participants represented this as a groundswell of change on water, whilst ptikersfs
passing a cultural threshold due to extended water shortages.

| think we’ve crossed a threshold where for most of my life, water was seen as just
another commodity which you purchased as an input...I think that’s profoundly
changing... | think it's to do with the sheer shortages that we're now facing. People are
beginning to realise that we have to think about this in different sorts of ways (FG3)

This change was noted as being particularly applicable to Canberra due to the higtofiegre
urban water shortages in the region. The effect of this growing awarenessdebsperceived
to be translated into a raft of individual efforts, from capturing water through @ddifi
behaviour to novel ways of using water in the garden.

| don’t know anyone who isn't doing something new to save water. | don’'t know
anyone (FG2)

Others suggested that this groundswell was strong but not universal. Moreovge, a lar
proportion of Canberra residents are willing but need guidance.

...we've got the power, but we can only do so much...we need guidance by the
authorities, help... financial[ly] or other ways. | think everybody... really wants to do
it...we can do it but we can't do it alone (FG3)
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At the very least the focus groups demonstrated that there is capacity in tharagnthat can
serve as a lever for change amongst those who are less capable. Giverniniyderalg of
knowledge and acceptance that are present amongst the Canberra population, an taglortant
lies in how to foster the sorts of changes that may be required to bring about impreviement
water management. Participants cited the high level of uptake of using tgejovavatering
gardens, however as noted by one participant, residents may require more education on the
nutrients and chemicals in grey water which may be detrimental to plants.

Final comments

In considering the rising tide of change in terms of approaches to water manageenewats
some concern throughout the focus groups that if all that occurs from an integrated water
management project is a handful of stormwater ponds then this may have been a missed
opportunity rather than a catalyst for fostering major changes in water mardagem

Canberra. A strong message was that: Stormwater ponds alone are not enough, we need to
consider how one pond fits into a bigger system.

In addition, the focus groups suggested a spatial trend to the responses which would be
important to look at in further detail through survey responses. For example, in more
established areas, it was noted that education and recreation were the maintflmcus ye
Gungahlin the need for water is greater.

9.3.2 Results from the questionnaire

Comparing demographic data for Canberra as a whole, with stated
characteristics of waterways survey respondents

A first step in the analysis of the questionnaire is to contralebgondents for biases based on
certain socioeconomic characteristics, such as gender, income atiedubemographic data
for survey participants are given in Table 28 to Table 34.

These tables use interim survey data, as at 11 am 5 Februargefo88the press release; and
final survey data, as at 18 February 2008.

Table 28: Gender breakdown

Canberra census Interim survey Final survey
2006 (%) respondents (%) respondents (%)
Male 49.3 48.8 49.3
Female 50.7 51.2 50.7
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Table 29: Age groups

Canberra census Interim survey Final survey
2006 (%) respondents (%) respondents (%)
15-24 years 19.5 3.5 3.9
25-34 vyears 19.2 20.8 20.3
35-44 vyears 18.7 23.8 24.0
45-54 years 17.6 23.0 22.8
55-64 vyears 13.0 22.5 22.1
65 and over 12.1 6.5 6.8
Table 30: Number of adults in household
Canberra census Interim survey Final survey
2006 respondents respondents
Average number of 2.6 2.3 2.3
people (mean)
Note: Did not include outliers that were probably typographical errors
Table 31: Number of children in the household
Canberra census Interim survey Final survey
2006 respondents respondents
Average number of 1.8 1.8 1.9
children (mean — per
household with
children)
Note: Did not include outliers that were probably typographical errors
Table 32: Dwelling type
Canberra census Interim survey Final survey
2006 (%) respondents (%) respondents
(%)
Unit/apartment 6.4 6.2 6.7
Townhouse/duplex 10.3 11.0 10.7
Detached house 83.1 82.3 82.1
Retirement village (not a census 0.5 0.2
question)
Caravan/temporary 0.1 0.0 0.2
dwelling

126




SOCIAL ASSESSMENT OF STORMWATER HARVESTING

Table 33: Highest education level

Canberra census Interim survey Final survey
2006 (%) respondents (%) respondents
(%)

Primary school 4.5 0.2 0.2
Secondary school 36.8 6.2 6.1
TAFE/trade 15.0 5.0 5.2
Diploma 9.6 6.2 6.6
Tertiary degree 22.4 34.6 34.3
Postgraduate 11.7 47.8 47.5

Table 34: Annual gross income

Interim survey respondents (%) Final survey
respondents (%)
Under $25K 5.4 6.1
$25K — $50K 14.1 14.7
$50K — $75K 37.0 36.2
$75K — $100K 27.0 26.7
Over $100K 16.5 16.3

Note: Our question was in blocks of $25 K/yr but this is not how census data were collected so they are
not directly comparable. 2006 census data as follows:

Median individual income $723/week ($37 596 /yr)
Median family income $1773/week ($92 201 /yr)
Median household income $1509/week ($78,463 /yr)

The preliminary results in the following sections show the average for thasaotale. In a
next step we will disaggregate the sample into subsamples using education, indayeader
as splitting variables, to identify the influence of those variables on the response

Analysis of questionnaire results

With regard to the responsibility for water management and hisalbility to bring change
about, respondents assign a very high responsibility to the ACT Gosetnie see this as an
encouraging result, suggesting that people generally acknowledgit¢h&overnment is in
charge and has a high ability to restructure the existing maeageystem. At the same time,
the respondents see a high responsibility for the whole community tdbctetto good
outcomes for water management in Canberra. When cross-tabulatiensuwéo see whether
certain demographic groups felt more strongly than others, for Qnelstiwe discovered that
female survey respondents were significantly more likely thate respondents, to say that
businesses, residents, the Australian Government, the National |CApitaority, and
catchment groups had a high level of responsibility for managing water in Canberra.
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1. Who do you see as responsible for managing water in Canberra?

roaaspay  MTommorbary  CUCL wwresnstmy e Merae | Gomt

ACT Government 83.9% (401) 14.0% (B7) 1.3% (B) 0.6% (3) 0.2% (1) 149 478
ACTEW 59.2% {260) 28.9% (127) 9.1% (400 1.4% (B) 1.4% (B) 1.57 439

ActewAGL 35.0%(137) 32.2% (126) 20.7% (81) 4.9% (19) 7.2% (28) 217 391
Businesses 20 6% (84) 38.3% {156) 27 5% (117 74% (28) B.4% (25) 240 407
Residents 30.7% (134) 31.8%(139) 20.4% (124) 6.4% (28) 27%(12) 219 437

Federal Government 26.3% (107) 27.9%(118) 27.4% (1186) 14.2% (60} 5.2% (22) 2.46 423
National Capital Authuority 20.0% (85) 32.8% (139) 78.8% (127 10.4% (44) 2.0% (34) 254 424
Catchment groups 20.1% (81) 33.3%(134) 28.3% (114) 12.9% (52) 5.5% (22) 250 403
Other (please specify) 27

answered question 486

skipped guestion 9

While the focus groups have identified the arrangements for water managemenbérr@ as
highly complex, the survey respondents did not completely share this view. A maoritiies
arrangements as only moderately complex. More women than men rated the arrangement
'very complex’ or ‘extremely complex'.

2. How complex do you find the arrangements for water management in Canberra?

Response Response
Percent Count

Extremely complex [ 9.9% 48
Verycomplex [ 23.4% 113
Moderately complex : 31.7% 153
Slightly complex | 8.1% 29

Mot complex \ | 8.7% 42
Don'tknow [ 18.2% 88
answered question 483

skipped question 12

In Question 3, most respondents said that they felt the ACT Goverriradna 'very high
ability' to bring about change in water management. Cross-tabulatidicated that women
felt more strongly about the ability of the ACT Government, AétBlk, businesses, the
Australian Government, the NCA and catchment groups to bring about change, than men did.
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3. We are interested in your opinion on the ability of different organisations and groups to bring about change in water
management. How much ability do the following have to bring about change in practices?

Very high High Moderate Low Very low Rating Response
ability ability ability ability ability Average Count
71.5% 20.3%
ACT Government ° 57%(27)  223%(11)  0.2% (1) 1.40 473
(338) (96)
49.2% 33.3% 12.1% )
ACTEW 3.8% (17) 1.6% (7) 1.75 447
(220) (149) (54)
ActewAGL 33.7% 34.7% 18:9% T.7% (32 5.0% (21 216 418
crew (141) (145) (79) %(32)  5.0%(21) '
- 24 1% 31.4% 20.2% 10.3% 5o e o
usinesses (106) (138) (128) (45) 0% (22) g
Resident 27 5% 27 1% 28.4% 12.0% 5.1% (23 240 451
esiaents - 1agy (122) (128) (54) 1% (23) :
B | E o 31.2% 30.3% 24.2% 10.5% 3.8% (17 228 446
ederal Governmen (139) (135) (108) (a7 8% (17) p
19.9% 29.2% 30.4% 12.9%
National Capital Authority ’ ° : 7.7% (23) 259 428
(85) (125) (130) (55)
15.2% 29 2% 33.3% 16.9%
Catchment groups ” © ’ 5.4% (22) 268 408
(62) (119) (136) (69)
Other (please specify) 24
answered question 479
skipped question 16

In the next part of the online survey, respondents were asked aboutmthethelt particular
water saving options were appropriate for different regions of Ganlaed for their own
suburb. Stormwater harvesting was the most popular option in both calkesed by sewer
mining, while groundwater recharge was relatively unpopular. Catsddtions indicated that,
for Questions 4 and 5, there were no significant differences in psaglgponses, based on
their gender, income levels or education levels.
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4. What do you see as suitable options for the following regions of Canberra (select all that apply)

e Storm wiater Ground water Don't know Response

collecting recharge Count
Weston Creek 60.0% (278) 75.2% (346) 40.9% (188) 16.5% (76) 460
Woden 60.6% (278) 74.5% (342) 38.6% (177) 17.0% (78) 459
Tuggeranong 60.3% (275) 77.0% (351) 39.3% (179) 17.1% (78) 456
Gungabhlin 59.5% (273) 74.3% (341) 40.1% (184) 17.6% (81) 459
Inner North Canberra 60.7% (279) 73.5% (338) 38.7% (178) 17.0% (78) 460
Belconnen 62.0% (2886) 77.4% (357) 38.6% (178) 16.1% (74) 461
answered question 472
skipped question 23

5. What do you see as suitable options for your suburb? (select all that apply)

Response Response

Percent Count
Don't know 11.2% 52
Sewer mining | 59.8% 278
Storm water havesting | 83.7% 389
Ground water recharge | 38.1% 177
Other (please specify) 60
answered question 465
skipped question 30

Asked whether they understood particular approaches to water awilestd recycling, the
survey participants professed a greater level of knowledge &lomsehold-based methods,
such as the use of rainwater tanks and greywater, than about approeghiging more
complex infrastructure. There was, however, a significant genderedite in responses to this
question, with male respondents reporting a greater level of unudirgjaof stormwater pond
use, wetlands projects, sewer mining and groundwater recharge methadsfemale
respondents.
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6. How well do you understand the following water collection and recycling approaches?

Very high ) ) Moderate ) Very low Rating  Response
High understand L Jerstand
understanding UL e understanding s AT understanding Average Count
Roofwater harvesti i
oof water harvesting (e.g 'a‘:;‘fk:; 51.3% (245) 326% (156) 153% (73) 0.2% (1) 06% (3) 168 478
Recyeling household water (.e.
Hele : q 34.3% (163) 10.0% {190) 22.7% (108) 2.3% (1) 0.6% (3) 195 475
greywater)
Collecting and using storrmweater
! 25.2% (120 24.4% (18 38.4% (183) 11.3% (54) 0.6% (3) 238 476
(£.0. i ponds for re-use)
wetland s for watar gual
TR ) (S el Rl G 20.2% (96) 22.3% (106) 35.3% (168) 19.5% (93) 27% 013 262 476
improverments
Reusing treated sewage for
e 20.2% (26) 221% (105) 140.6% (193) 14.5% (59) 25% (1) 257 475
irrigating parks etc
Ground water recharge® 12.3% (59) 3.6% (45) 27.9% (131) 36.2% (170) 14.0% (56) 330 470
*e.g. injecting {recycled) water underground for starage in an aguifer and subsequent retrieval (comments welcome) 45
answered question 479
skipped questiorn 16

Interestingly, the methods best understood by respondents, were also shbeyntelt were
most appropriate for Canberra, as shown in Question 7. For this questiomnwoene
significantly more likely to argue in favour of greywateruse and wetlands projects, than
men.

7. Do you agree that the following are appropriate forms of water collection and recycling in Canberra?

Strongly Strongly Don't Rating Response

Agree Undecided Disagree )
agree disagree know  Average Count
Roof water harvesting (e.g. rainwater 70.8% 22.0% 1.7% (8) 3.0% 2.1% 0.4% 1.45 459
A B
tanks) (332) (103) : (14) (10) (2)
Recycling household water 64.2% 25.6% 5.1% (24) 2.8% 1.7% (8) 0.6% 154 459
. TY% .
(e.glaundry, shower)  (301)  (120) ° (13) ’ (3)
Collecting and using stormwater 63.8% 26.4% 5.5% (26) 2.8% 0.9% (4) 0.6% 152 470
d 9% .
(e.g. in ponds for re-use) (300) (124) " (13) ’ (3)
Wetland projects for water quality 57.3% 28.4% 8.5% (40) 0.9% (4) 0.6% (3) 4.3% 172 468
d 99 6% .
improvements  (268)  (133) " ! ’ (20)
Reusing treated sewage for 52.8% 28.8% 9.6% (45) 4.1% 2.8% 1.9% qar e
irrigating parks etc (247) (135) e (19) (13) (9) '
G dwat h . 25.2% 22.6% 25.2% 5.2% 5.9% 16.1% 292 461
round water recharge .
< (1186) (104) (116) (24) (27) (74)
*e.g. injecting (re-cycled) water underground for storage in an aquifer and subsequent retrieval (comments welcome) 52
answered question 470
skipped question 25

Results from Question 8 indicate that survey respondents ane daslre where stormwater
should be stored, with 'don’t know' appearing as the second most popular. afssve was a

gender difference however, with females most likely to say tdomww' and males most likely
to say 'in existing ponds'.
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8. If stormwater were to be collected, which is the best way to store it? (please choose only one)

Response Response

Percent Count
In new ponds (which could run dry in | 3m o
summer)
In existing ponds and lakes (so | e 2
water level could vary)
Underground in tanks : 14.0% 64
Und dinth dwat
nderground in the grouns;\;?e: ] Py =
Don'tknow | 26.3% 120
Don't care | \ 2.4% 11
Other (please specify) 56
answered question 456
skipped question 39

Question 9 asked which aspects of water collection and recycliogpped concern in
residents, and water quality was clearly the most importané i people completing the
survey. Two demographic differences showed up in this question, witHefenmalicating
significantly more concern over economic aspects of water Inegythan males, and people
without tertiary qualifications expressing more concern about potesdialirs, than people
with tertiary qualifications.

9. How concerned are you about the following aspects of water collection and water recycling?

Not Somewhat Very Not Rating Response

concerned concerned concerned applicable Average Count
Water quality 17.4% (81) 29.9% (139) 52.3% (243) 0.4% (2) 2.35 465
Injury risk 40.6% (186) 32.5% (149) 21.2% (97) 5.7% (26) 1.79 458
Odours  31.4% (143) 48.5% (221) 19.3% (88) 0.9% (4) 1.88 456
Aestheticimpact  45.1% (205) 40.2% (183) 13.4% (61) 1.3% (6) 1.68 455
Economic viability 21.1% (97) 41.1% (189) 36.3% (167) 1.5% (7) 215 460
Mosquitos  25.1% (114) 43.4% (197) 30.6% (139) 0.9% (4) 2.06 454
Comments welcome: 51
answered question 466
skipped question 29

Asked whether they participated in certain forms of water cidle and re-use, a very
significant proportion of respondents indicated that they did:
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10. As a resident, do you collect and use rain water (e.g. in rain water tanks) er recycle greywater? Please select all that apply

Response Response

Percent Count
Collect and use rain water for )
| 54.8% 194
garden/lawns
Collect and use rain water for )
| 15.0% 53
household use
Collect and use rain water for )
. | 7.9% 23
drinking
Recycle grey water on
\ 82.2% 291
gardens/lawns
Recycle grey water for household
yee gy e 13.3% 47
use
Other (please specify) 65
answered question 354
skipped question 141

Our survey respondents were very clear in the issues theyedtimportant in planning new
water management projects for Canberra, as shown in Question 11.b&moindemographic
differences emerged in the answers to this question. Female res{soweee more concerned
than males about the quantity of drinking water conserved, the potémti@ommunity
education, and the safety of ecological habitat. Male respondentsnvweeeeconcerned than
females about the aesthetic appearance of the options. People ésssitigan $50 000 per
year felt more strongly about community education issues than thdsighmr incomes, and
people earning between $50 000 and $75 000 indicated more concern about equégofacc
the water, than those earning less than $50 000 or greater than $75 008sgdreses also
indicated that tertiary-educated people placed greater emphaséesihretic issues, than those
without tertiary qualifications.
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11. When censidering the options for new water management projects in the ACT, how important are the following issues?

Rating  Response

Not important Somewhat important Extremely important Don't know o iy
Quantity of drinking water conserved 1.3% (B) 10.4% (48) 87.8% (404) 0.4% (2) 287 480
Financial costo install 11.7% (54) 58.2% {269) 29.9% (139) 0.2% (1) 213 162
Financial costto maintain 5 % (26) 54.9% {253) 30.3% (181) 0.2% (1) 234 461
Potential for community education 6.5% (30) 37.0% (170) 54,3% [250) 2.2% (10) 252 460
pnarunities for recreation 24.7% (114) 49.5% {228) 73.4% (108) 2.4% (1) 203 461
Aesthetic appearance 22.8% (105) 58.7% (270) 16.7% (77) 1.7% (8 187 460
TS R T T 13.9% (64) 41.1% (199) 43.9% [202) 1.1% (5) 232 460

development

Impact on land prices 27.6% (127) 47.6% 219) 73 6% (104) 2.3% (10) 1.88 460
Health and safety 28% (13) 22.4% (103) 73.9% (339) 0.9% (4) 273 159
Ecological habitst 2.0% (9) 22.4% (103) 74.6% (343) 1.1% (5) 275 460
Equily of access fo waler 1.7% (8) 72 6% (104) 73.4% (339) 2.4% (1) 276 462
Other {please specify) 29
answered quies tion 163
skipped question 32

They also demonstrated strong opinions about how collected water could ede us
(Question 12), but were divided on whether the projects had the potemtialleviate
Canberra’s water challenges (see Question 13 below). Therenwesignificant differences
amongst demographic groups, for Questions 12 and 13.

12. Which of the following do you see as appropriate uses of collected stormwater and recycled water?

Appropriate Not appropriate Don't know Response
Count

Use on residential gardens 93.4% (425) 5.1% (23) 1.5% (7) 455

Irrigation of parks and public 98.7% (453) 0.9% (4) 0.4% (2) 459
gardens

Irrigation of sports grounds 98.0% (449) 1.1% (5) 0.9% (4) 458

Drinking 38.0% (171) 48.4% (218) 13.6% (61) 450

Use by golf courses 88.6% (403) 9.5% (43) 2.0% (9) 455

Use by industry 95.6% (434) 2.2% (10) 2.2% (10) 454

answered guestion 461

skipped question 34
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13. Do you agree that collected stormwater and water recycling will:

S.trongly Somewhat Strongly don't know Rating Response
disagree agree agree Average Count
solve Canberra's water needs , . \
31.8% (1468)  47.7% (219) 5.7% (26) 14 8% (88) 2.03 459
completely?
tribute t ds Canb ' t
contribute towards Lanberras walel g 10, (9g) 34.5% (159)  57.7% (266) 1.7% (8) 2 55 461
needs?
b i t to add
© annappropriate Way lo adaress - gg 90 (269) 17.7% (81) 18.6% (85) 4.8% (22) 1.69 457
Canberra's water needs?
answered question 463
skipped question 32

Interestingly, when asked which strategies would best meet Qalsbewater needs
(Question 14), respondents rated 'reducing water demand' most highlgwefbll by
infrastructure solutions such as sewer mining, stormwater ponds ayedit bayns. There were a
number of significant differences between groups, in the answersidgstiQn 14. Women
favoured the use of rainwater tanks, stormwater ponds and wetlandstpnmjore than men,
while men favoured increasing dam sizes and recharging groundsugdplies, more than
women. Tertiary-qualified people were more likely to see demaddction as an effective
strategy, than people without tertiary qualifications. Rainwadeks were seen as a more
effective option by people earning less than $50 000 per year, than bywhhshkigher
incomes.

14. What strategies do you see as being the most effective for meeting Canberra's overall water needs?

Extremely Moderately Not effective Don't know Rating Response
effective effective Average Count
Roof water harvesting (e.g. rainwater
tanks) 39.8% (180) 48.5% (219) 9.5% (43) 2.2% (10) 1.74 452
anks)
Recycling household water (e.g )
AT 35.8% (163) 51.4% (234) 11.2% (51) 1.5% (T) 1.78 455
Collecting and using stormwater ) )
(e.g. in ponds for re-use) 48.3% (219) 43.5% (197) 4.0% (18) 4.2% (19) 1.64 453
Wetland projects for water quality _ )
improvements 35.8% (162) 42.4% (192) 7.9% (36) 13.9% (63) 2.00 453
Reusing treated sewage for )
e e 49.2% (223) 41.3% (187) 5.3% (24) 4.2% (19) 1.64 453
Increasing dam size 42.3% (191) 32.7% (148) 20.1% (91) 4.9% (22) 1.88 452
Reducing water demand 56.5% (251) 31.9% (144) 10.6% (48) 2.0% (9) 1.69 452
Ground water recharge* 15.2% (68) 36.8% (164) 13.0% (58) 35.0% (156) 268 4486
*e.g. injecting (re-cycled) water underground for storage in an aquifer and subsequent retrieval (comments welcome) 56
answered guestion 455
skipped question 40
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Population growth and rainfall were the two factors seen as mpsirtant, in determining
whether Canberra has sufficient water. Female respondents igeifecantly more likely to
rate rainfall as important in this question, than male respondents.

15. How important are the following factors in affecting whether Canberra meets its water needs?

Very important Important Not important Don't know Response
Count
Population growth 80.0% (364) 17.4% (79) 2.0% (9) 0.7% (3) 455
Lower rainfall 80.2% (365) 18.0% (82) 1.1% (5) 0.7% (3) 455
Garden design 48.8% (222) 43.3% (197) 6.6% (30) 1.3% (B) 455
Increasing water use per person 59.9% (270) 32.8% (148) 3.8% (17) 3.5% (16) 451
answered question 455
skipped question 40

Questions 16 and 17 provided a valuable insight into which aspects of Gésthendscape
respondents thought should be preserved, and the types of water they walp¢edsed in
different situations. There were some differences in responseedregroups for Question 16,
with more women than men stating that native trees should beedateore men than women
stating that private lawns should be watered, and people withoatryegtialifications feeling
more strongly about the importance of watering sportsgrounds, than thitiseewiary
qualifications.
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16. What are the landscape elements that should be watered in Canberra?

Should be Should not be

B watered Shouldnotbe Shouldnotbe  Rating  Response

always during water  watered at all there at all Average Count

shortages

European trees on public land  35.0% (155) 41.3% (183) 9.7% (43) 14.0% (62) 203 443
Native Australian trees on DLI'I::E 27 4% (122) 51.7% (230) 20.2% (90) 0.7% (3) 1.94 445
Public lawns 17.0% (76) 71.7% (320) 8.3% (37) 2.9% (13) 1.97 446
Sports fields  50.7% (224) 47 1% (208) 1.8% (8) 0.5% (2) 152 4432
School grounds  53.8% (236) 41.9% (184) 4.3% (19) 0.0% (0) 1.51 439
Public parks ~ 34.3% (150) 58.4% (255) 7.3% (32) 0.0% (0) 1.73 437
Public nature strips 4.6% (20) 55.1% (242) 36.9% (162) 3.4% (19) 239 439
Golf courses  18.5% (81) 62.0% (271) 11.4% (50} B8.0% (35) 2.09 437
Turffarms  24.8% (109) 48.7% (214) 8.7% (38) 17.8% (78) 219 439
Trees in private gardens  32.1% (143) 56.6% (252) 11.2% (50) 0.0% (0) 1.79 445
Horticulture farms ~ 64.2% (278) 33.3% (144) 1.6% (7) D.9% (4) 1.39 433
Vineyards  55.5% (243) 37.9% (166) 4.3% (19) 2.3% (1) 1.53 438
Lawns in private gardens 7.0% (31) 63.9% (283) 20.3% (90) 8.8% (39) 23 443
Other private gardens 17.4% (67) 73.0% (281) 8.8% (34) 0.8% (3) 1.93 385
Other (please specify) 84
answered question 449
skipped guestion 45

Question 17, especially, indicated that people mid want to see potable water used for
watering parks and gardens:
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17. Which type of water do you see as appropriate for the following uses?

Stormwater Ground Response
Tap water or recycled All types None

i water Count
Europeantreesonpublicland  0.4%(2)  66.6% (209)  6.0%(27)  15.1%(68)  11.8% (53) 449
Native Australian trees on pL:::z 05%(2)  67.2%(207)  8.6%(38)  15.6%(89)  B.1% (36) 442
Publiclawns  0.4%(2)  747% (333)  5.6%(25)  14.1%(63)  5.2%(23) 446
Sportsgrounds  0.9% (4)  76.6% (341)  4.0%(22)  162%(72)  1.3%(5) 445
Publicparks  05%(2)  75.1%(332)  6.3%(28)  145%(64)  3.6% (16) 442
Public nature strips ~ 0.2% (1) 57.6% (255)  7.7% (34)  12.4%(55)  22.1% (28) 443
Golfcourses  02% (1)  67.4%(298)  ©9.0%(40)  13.8%(61)  9.5% (42) 442
Turffarms  05%(2)  62.6% (278)  9.0%(40)  13.7%(61)  14.2% (63) 444
Treesin private gardens  4.3% (10)  68.0% (302)  5.6%(25)  17.1%(76)  5.0%(22) 444
Horticulture farms ~ 4.5% (20)  66.4% (295)  ©.0% (44)  16.0%(75)  2.3%(10) 444
Vineyards  4.3%(19)  64.9% (286)  11.3%(50)  16.1%(71)  3.4%(15) 441
Lawns in private gardens  3.8% (17)  60.9% (270)  5.2%(23)  14.9%(66)  15.1% (67) 443
Other private gardens ~ 4.6% (20)  66.1% (287)  5.8%(25)  17.5%(76)  6.0% (26) 434
answered guestion 449
skipped question 46

Many survey respondents indicated, in Question 18, that they would like more information on
how Canberra’s water supplies are managed:

18. How would you describe the level of information that is publicly available about water management in Canberra?

Response Response

Percent Count
Too much information 1.8% a
Sufficient information 41.2% 185
Insuffient information 48.1% 216
Mo information | 0.7% 3
Dontknow = 8.0% 36
Don't care [| 0.2% 1
answered question 449
skipped guestion 46

Questions 19-23 and 25-26, which cover the demographics of the survey respondents, were
summarised in an earlier section of this report.
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Question 24 canvassed respondents’ drinking water sources. Although thengwes rather
imprecise (for example, 'sometimes' could be interpreted as oncayeor once per year) it
provided an interesting glimpse of survey respondents’ choices. Susgtabulations were
also run to see whether people who drank particular types of watezxipaessed particular
views in the survey. Findings from the cross-tabulation included:

« More females than males 'always' or 'sometimes' drink bottled wat@rqQ?24)

* People who never drink bottled water claim to have a very high stadeling of tank
water (Q6 x Q24)

* People who always drink filtered tap water are very concerpedt avater quality (Q9
X Q24)

* People who 'always' or 'sometimes' drink tap water, think tbalbgical habitat is
extremely important (Q11 x Q24)

* People who always drink bottled water think that land pricesrensely important

(Q11 x Q24)

* People who always drink tap water are most likely to thinkgeaver mining would be
effective (Q14 x Q24)

* People who always drink tap water are most likely to think itn@eased dam sizes
would be effective (Q14 x Q24)

* People who never drink tap water are most likely to say pguatssfields should not be
watered during water shortages (Q16 x Q24)

» People who never drink tap water are most likely to say thaicgalins should not be
watered ever (Q16 x Q24)

* People who always drink tap water are most likely to saydstiabol grounds should
always be watered (Q16 x Q24)

24, How often do you drink the following sorts of water?

Rating Response

Always Sometimes Never Don't know Average Count
Tapwater  76.7% (335) 20.4% (89) 3.0% (13) 0.0% (0) 1.26 437
Filiterad tap water 16.6% (69) 39.2% (163) 44.0% (183) 0.2% (1) 228 416
Bottled water 4.2% (18) 66.4% (284) 28.7% (123) 0.7% (3) 226 428
Bore water 0.5% (2) 9.4% (39) 86.4% (357) 3.6% (19) 293 413
Tank water 3.3% (14) 32.5% (137) 62.0% (261) 2.1% (9) 263 421
answered question 440
skipped guestion 55
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9.3.3 Results from the community workshop

The research team confronted 50 participants of a community workskiophei29 supply—
demand options for using existing lakes and new ponds, some of them in dembiwiéh
sewer mining and underground storage, and asked for an assessrhest affttions in regard
to 14 major social impacts.

To enable the assessment, the technical options were introduced to thleopgrlrticipants in

as much detail as possible. The appropriateness of the list of quieida to reflect all social
impacts was also discussed. Once the participants had gained a sowtetige of the options
and had agreed on the list of criteria for the assessment #reyasked to debate and assess a
number of options, usually such options they had good knowledge of, becausithtreljved

or worked in the areas where the ponds or lakes were based. Eissnamst was done in
groups of six people allowing for rich debate and compromise. The aEsdgssas done using

a rating scale from ‘5 to 1' where a value of ‘5’ representetty’ positive impact, very
favourable’ and a value of ‘1’ represented ‘very negative impact, very unféokeura

For most supply—demand options 2—4 independent assessments were rexkssstages for
the impact matrix (described in Chapter 10) were used. For two optionsver, we were not
able to establish an assessment at all. They went into thetimpaiex with a dummy value of
‘3’. These two options were W19 Eddison Park in the Woden town centre 2nay¥awson
and Pearce. This has to be kept in mind for the later multderdssessment, where results for
those two options have to be read with some caution.

In a next step, the 12 social impact assessment criteriaswem®arised into six main clusters
to avoid an overrepresentation of social criteria in the MCA. dlhstering was based on a
factor analysis and distinguished between impacts on the communitiocarsgholds, and
separated equity issues and the likelihood of community support fortanception. Two
criteria refer to economic and ecological domains from the pdirgpeaf the community
representatives.

Overall, the community assessment was positive (Figure 36)tladperception of the
community about the usefulness and the advantage of the suggested wptdmghlighted.
The criteria of ‘community support’ received the highest posiissessment suggesting that
support from community may be expected when implementing new supply—dechanaes or
establishing new ponds. Similarly favourable, were the assessfoentserall community
impact and equity issues as well as economic and ecologicalctimphe community
representatives shared the perspective that an extension of pondse amgk tof water for
irrigation would not just improve the water supply system for Caabbut would have
beneficial aspects in all dimensions by improving amenity, lanégqriecological habitat and
would create more liveable communities.
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Figure 36: Overall assessment results for supply—demand options

The criteria of impacts on households capture more individual agpect®ther criteria, and
integrate the criteria of health and safety. In this area,neomty assessment was more
cautious indicating that concern around health and safety issuesamdstisat this has to be
proactively addressed when designing new ponds or changing the use of existing ponds.

Despite the overall very positive feedback from community tieeoensiderable variability in
regard to the assessment of single options (see overview graphs).

In addition to the guantitative assessment, the participants abmmaunity workshop agreed
that the assessment of social impacts depends critically atesiign of the new ponds and re-
design of existing ponds. Participants presented a strong viewhéhabsitive social impact
would depend on well-designed solutions for ponds. To enable this, planning andstiesiigh
not stop at the edges of the pond but should integrate the areas surrabedpuands for
creating the most benefit in terms of recreational, educational and amenitygi®tent
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9.4 Discussion

In framing the introduction to the study, attention was drawn to a raihgalues associated
with water beyond its instrumental resource value. Although a dBnereognised issue, the
relationship between water quality and property values was not ilyplaised (Leggett and
Bockstael 2000). In a similar way, the broadly acknowledged culturensions of water and
water courses were not directly raised (Gibbs 2006; Jackson 20G8), although certain
cultural tendencies were apparent (e.g. the vast majority oésyrarticipants who recycle
their domestic greywater on their gardens). Moreover, two majalsissues — amenity and
equity — were strongly raised throughout both the focus groups and the survey stages —

Amenity is broadly recognised as an important issue for the maseagef water and water
courses (Howard 2008). The focus groups considered amenity issues evengept in terms
of aesthetic appearance and potential for recreation reflectlikiin strong desire ensure
access to the sites, and concerns about them being locked away idsgtutional fear of
personal injuries and the potential for litigation. Furthermore, tlnae an emphasis on
providing facilities such as walking tracks and landscaping inramldoster the amenity
dimensions.

Equity was a major issue both in the focus groups and the survey.dfoops drew attention
to precedents in the ACT such as Lake Burley Griffin wheresscto the water was highly
restricted and viewed as inequitable in some cases. and patscgraphasised the need to
pay careful attention to equity issues in future projects. Inategklvay, there were very strong
trends within the survey about appropriate uses of water. Most respondditated that
residential gardens, irrigating parks and public gardens, sports granddstry and golf
courses were all considered generally appropriate water usesveiowhere was an important
qualification about uses of water in times of water shortagesarticular, most participants
stated that certain elements of the landscdyoeld not be watered times of water shortages,
in particular golf courses, public lawns and public parks. By conaasgjority of respondents
indicated that school grounds and sports fields should always be watenggdwith some
private water uses including vineyards and horticulture farms.

It is also worth noting that the highest community concern about wallecting and recycling

was water quality. This may help to explain the survey findingstoatnwater harvesting was
overall preferable to sewer mining and ground water rechargdlyf-ias a general comment
there was perception that the community is ready for change kg gaiglance on how to
achieve the changes that are required.
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10 TRIPLE BOTTOM LINE ASSESSMENT

In this chapter, we describe triple bottom line (TBL) assessmkstormwater harvesting
options in the Master Plan A (Chapter 7). Options in Master Plapresent least-cost options
in levelised cost terms. They have the following characteristics:

* each option has a volumetric supply reliability of 95% or more
< all options contribute to achieving 3 GL/yr potable water saving target

* most of the options are clustered around three of Canberra’s wgser@ianinderra,
Sullivans and Tuggeranong Creeks (see Figure 13 and Figure 1#)n®Ottat are
clustered around a waterway are likely to be hydrologically connecteddivs. déf one
option affect flows of other options), which means options in the mplkterare not
independent

In general, when the TBL assessment method is used in a féyasibdessment of different
options, its purpose is to compare different options in terms of afsaiteria in social,
economic and environmental dimensions. The assessment process aagoprdatefences of
stakeholders on assessment criteria and provide a ranking foroption. The options with
higher ranking are considered as preferred options for detailed erngiefeasibility
assessment, which is essential before the implementation of preferred options.

Ranking of options within a TBL assessment framework is mearjngf options are
independent and individual options have the potential to achieve the objaftithe
assessment. Unfortunately, options included in a master plan arelapendent of each other
due to the hydrologic connectivity. In addition, individual options do not havealitigy to
meet the overall objective of the assessment (i.e. potable seat@ags of 3 GL/yr). Therefore,
it is important to understand that the purpose of undertaking TBLsasset is to indicate
relative benefits of each option in the master plan in economicalsaed environmental
dimensions, and to elucidate the opinions of stakeholders. Moreover, outcbries TBL
assessment should not be used for ranking of options in the master plan.

10.1 The Deliberative Multi-Criteria Evaluation Process

In this study, TBL assessment was carried out using a decisiog-aprocess called
deliberative multi-criteria evaluation (DMCE) (Proctor ante€hsler, in press). This method
combines the facilitation, interaction and consensus building featurése ofitizens’ Jury
process (Croshy 1999; Dienel and Renn 1995) with the structuring and fiotedeatures of
multi-criteria evaluation (Proctor 2005; Massam 1998; Munda et al. 1994).

The features of the Citizens’ Jury are:
* relevant participants are engaged and given a specific charge

« the process is facilitated (by a ‘judge’)
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e expert witnesses are engaged to provide information where needed
* participants are given time to discuss, debate and deliberate

e consensus is often reached but exact consensus is not always petesdiver a
favoured outcome.

Table 35: Criteria used for TBL assessment

No. | List of criteria Indicator
ECONOMIC

1 Levelised cost ($/KL)

2 Volumetric reliability (in %)
SOCIAL Scale from 1to 5

Impact on the community

Impact on households

Appropriateness of pond location

Equity of access to pond

Potential recreational value 1 means: very negative, very

3
4
5
6 Equity of access to water
7
8
9

Potential for community education undesirable

10 | Health impact 5 means: very positive, very

11 | Safety impact desirable

12 | Impact on future housing development

13 | Impact on future land prices

14 | Compliance with regulation/legislation

15 | Ecological habitat

16 | Political support

ENVIRONMENTAL

Potential for emergent vegetation diversity (with

1 harvesting)

Change in potential for emergent vegetation diversity

18 (difference between base and harvesting)

% of time (between November and

19 | Drawdown — harvesting April) with drawdown >= 0.5 m

Difference in drawdown between harvesting and

20 base

21 | Nutrient load reduction indicator

The DMCE process was undertaken through several meetings condueteal taxelve-month
period with representative stakeholders providing input into the dacfgiocess. Various
stormwater harvesting options that were shortlisted for aseesswiere the focus of
consideration by the stakeholders. The first two meetings weilgnddsto disseminate greater
information about the options and to agree on the relevant criterch wigre to be used in
prioritising them. Once the options and criteria had been agreed,easiggtresearch process
was undertaken to gather information on how each option performed atigndecision
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criteria that would be used to assess them. The stakeholdersala@rasked to provide their
priority weightings on how well they thought each of the critehiautd influence the overall
performance of the options. The deliberative process during the fieating used this
information to come up with an overall ranking of each of the stotenvmnd options, and to
draw out the key issues, concerns and trade-offs that would be ssgoeith implementing

the preferred options.

As part of the DMCE process, assessment or decision critexia developed in social,
economic and environmental dimensions (see Table 35). Social anggsisChapter 9)
defined the decision criteria in social dimension whereas the ecologicalistisdes Chapter 8)
defined decision criteria in the environmental dimension.

An impact matrix, showing the estimated impact of each of therieriunder each of the
chosen options was then developed (see Table 36). Priority weigfdmeach of the criteria
by each of the participants were established.

Once the criteria weightings and impact matrix have been es$teth) a deliberative process is
carried out with the aid of a facilitator and multi-criterizakation software. The software is
used interactively during the process and the results of eadtiaterdisplayed to the
participants. The objective of the deliberations (known as ‘the charge’ in the gaossg) is for
the participants to agree on a set of weightings for the deastania that would indicate an
overall stormwater pond option and a ranking of all options.

It is important to stress that the process is designed printaribid in learning complex
decision problems and not necessarily to solely arrive at an étirtome or scenario. The
process of deliberation allows many different insights, preferemegdtems of knowledge to
be shared and debated and thus aids in uncovering perhaps otherwiseetheujlsmds of
important knowledge.
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Table 36: Impact assessment matrix
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10.2 Results of Multi Criteria Evaluation

After the first two workshops, 21 social, economic and environmeritatiarwere agreed to assess
the various pond options (see Table 35 for criteria and their désesptAn assessment of how each
of the options performed with respect to the criteria is provided in the impact matiable 36.

10.2.1 Initial preference weightings

The fourteen stakeholders in the workshop were asked to givemeigintings after being presented
the facts from different experts and discussing several poirttsvéra unclear at the beginning. The
stakeholders were asked to distribute 100 points over the varitersacto depict how important they

felt that each of the criteria contributed to choosing an optimal porld fwdre points depicting more

importance). Figure 37 shows the weightings that were assigned.

First Weighting
80
70 X
60
)
“g 50 &
3
‘q;"_ 40
©
]
En 30 L
<
» A @ + v
o WEw xa HW
X8I L X G M D]
Criteria

Figure 37: First set of criteria weightings

A large spread occurs in the weightings of the different @it@specially with regard to the two
economic criteria. Levelised costs showed the largest spreatig from 0 to 70. Also the second
criterion, the volumetric reliability of the different options, waged very dissimilarly, with the
highest weight being 50 and the lowest being 5. Five more cnigzméaved a range of weights from O
to 20 with the remaining criteria being assessed more homogeneously (in the rangd d5D a

The multi-criteria assessment tool (MCAT) was used to proaidenking of the ponds based on the
weights and impacts provided:

* 32.6 % of the weights were given to the economic criteria on average

* 50.5 % to the social and
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+ 16.9 % to the environmental criteria.

Figure 38 illustrates the outcome of the first weighting, showow much of the overall score for all
options (entire bar) can be attributed to each option. The options performing bésadyePoint Hut
Pond and NC18, followed by G23, Lake Tuggeranong and Isabella Pond followe@,dyG8-11,
Yerrabi Pond, David Street Wetland and Upper Stranger Pond.

Contribution of criteria categories to project benefit scores
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Figure 38: Contribution of criteria categories to project benefit scores

Figure 38 also shows the contribution of economic, social and environmatggbries to the project
benefit scores (this time in absolute, not relative valuesadh eption. The best ranked options do
not only get high contributions from the social and environmentalrieribait do also receive high
scores from the economic criteria. The mean contributions to thellovenefit score are 0.3 for the
social criteria, 0.12 for the environmental criteria and 0.13 for ¢baamic criteria. The big weight
of the social criteria is due to the fact that they outnumbeotther two criteria categories (14 social
versus 5 environmental versus 2 economic criteria).
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The contribution of the economic criteria to the overall benefit, hewaliffers quite significantly
(with a standard deviation of 0.09). This result is largely owing togh variation of the levelised
costs (the variation of the second economic criterion, volumetiabiléy, is rather small because
only options with a reliability of at least 95% were consideredie dption ranked highest (i.e.
NC18), shows relatively low levelised cost ($2.3 /kL) whereasl®/Ras the highest cost with $7.48
/KL and subsequently performs worst on the contribution of the econontériacriThe high
performers all receive very high contributions from the economiwell as the social criteria. The
environmental criteria have a very low standard deviation (0.01)tlzev@fore do not drive the
difference in benefits between options.

10.2.2 Second preference weightings

As the deliberative multi-criteria evaluation (DMCE) iseadited towards reaching a consensus, an
iterative process in the weighting is required. Hence, a discussi the outliers in the previous
weighting scheme was encouraged. People with extreme criteighte/ were asked to disclose their
reasons for giving these weights. Some criteria definition® \atso clarified. After that, the jury
came back to give another set of weightings. From the 14 jurrrsirers changed their weightings,
some significantly. Figure 39 represents the weights that were giviea setond round.

Second Weighting

80

60

00—

40

Assigned percentage

Criteria

Figure 39: Percentage assigned by the jurors to the 21 criteria from above for the second weighting (same icon
depicts same juror)

Several people decided to assign a higher weight to the fiest thiteria. In doing so, the overall gap
for the two economic criteria between the highest and lowest signed remained the same
although, on average, the bottom weightings moved up towards the outliers. ¢t ligighting for

the third criterion (impact on the community) also increased by Xgptge points, thus increasing
the spread. This could be due to discussion proceeding ranking whesgenoigd that one could also
regard this criterion as a summarising item for all the adaomiiteria. Concerning the remaining
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criteria, no significant change occurred in the jurors’ weightifiggs time, on average, 38.1 %
weight were assigned to the economic criteria (previously 32.6), 4@dbthe social criteria (50.5)
and 15.3 % to the environmental criteria (16.9).

The outcome of the second round of weightings was (see also Figute@éBpint Hut Pond remains
No. 1 whereas Lake Tuggeranong rises from the fourth to the secatidmpdsabella Pond is ranked
third (previously fourth) and NC18 falls from the second to the fourth rank.

Contribution of criteria categories to project benefit scores
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Figure 40: Contribution of criteria categories to project benefit scores in the second round

The top 10 performers from the first weighting still occupy thet ften positions (though in a
different order). On the whole, 12 options have the same rank, 8 are a9 are better ranked
than before. Especially with regard to the options that performed best in theefighting, the results
seem to be quite robust with the biggest shift in rankings (in absolute values)ireag t

Figure 40 also shows the contributions of each category to the toepefes. Both social and
environmental criteria (on average 0.27 and 0.09, respectively) novibcatiess on average to each
option’s benefit score due to higher weightings put on the economidakitkich contribute 0.16 to
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the overall score (previously 0.13). Average benefits decreas@dByThe widest variation in the
contribution can again be observed for the economic criteria (stadeaation 0.10) whereas social
and environmental criteria show lower variations (standard deviations of 0.03 and 0.Cdjvelgpe

10.2.3 Sensitivity analysis

Between the first and the second set of weightings, disagreepastitularly with regard to the
economic criteria, has increased. The spread in weightings fahitigecriterion (impact on the
community) was also considerably higher than before.

The discussion in the workshop showed that there is still much umtgriraithe understanding of
levelised costs. Some jurors were arguing that levelised wostl not take into account that some
of the projects are already being funded elsewhere. The second dinaritgrion, volumetric
reliability, was also highly controversial as this figure ywasceived very differently by the members
of the jury. For most of the other criteria, the spread betweendtighd lowest percentage assigned
remained approximately the same.

Since all top performers from the first ranking remained undetainelO, the result is quite robust
with regard to little changes in weightings. On the whole, optidtis nelatively low levelised costs
performed better in the second ranking because of higher weights pbe dimancial category.
Compared to the other categories, the jurors did not put much weight envinenmental criteria,
thus implying that they did not consider them very important.

The final ranking of pond options was:
1. Point Hut Pond
2. Lake Tuggeranong
3. Isabella Pond
4. NC18 (Sullivans Creek, Mitchell)
5. W2 (Yarralumla Creek, Curtin)
6. G23 (Sullivans Creek, Mitchell & Kenny)
7. Upper Stranger Pond
8. Yerrabi Pond
9. NC9-11 (Tributary of Sullivans Creek, Lyneham)
10. David Street Wetland

In order to check if the results are robust against other setgightings, a sensitivity analysis that
varies the criteria or category weightings can be carried lauthis paper, the following two
variations are considered:
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1. equal weights were put on all criteria which implies that thtegory containing more
criteria gets a proportionally higher weight

2. each category received the same weight (i.e. each category has a weighthofipne

Consequently, social criteria which outnumber all other criteria have muchdeg# than before.

Equal criteria weights

If equal weights are assigned to the criteria, the weightoh eriterion is 4.76%. This weighting
differs significantly from those the jurors had assigned. The tema@nic criteria particularly lose
much weight. Not surprisingly, the ranking was also almost contpletehaped. NC18, previously
number 4, is now in lead while former best performer Point Hut Paraghked on tenth position only
(see Figure 41). Fourteen options have deteriorated in rank, 14 haygedHar the better and only
one option remained on the same rank, compared to the final weighting in the workshearfple,
Upper Stranger Pond has lost 19 positions (due to a very weak aodiatconomic performance in
the impact matrix). Importantly, the options are much more densdijbdied, with a standard
deviation in benefits of 0.052 compared to 0.099 after the second weighting.

Contribution of criteria categories to project benefit scores
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Figure 41: Contribution of criteria categories to project benefit scores under equal weights
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The economic criteria (see yellow bars in Figure 41) haverbecless important and do not
contribute very much to the overall score. Although Point Hut Pond {&#.gesforms very well with
regard to economic criteria due to low levelised costs in tpactrmatrix), the contribution of these
criteria cannot compensate for the weaker performance in samuiblenvironmental criteria and
therefore Point Hut Pond falls nine levels in the ranking. Theageebenefit now is 0.56 (compared
to 0.52 in the final workshop ranking), with 0.38 stemming from sociakr@ 0.14 from
environmental and the rest from economic criteria. Standard dmsdir the category benefits are
ranging from 0.03 (environmental and economic criteria) to 0.05 (soit&dia), thus being lower on
average.

Equal category weights

In this analysis, each broad category (social, environmental and ecdroengiven an overall equal
contribution to the preferences regardless of how many sub cfaknéthin these categories. Under
this analysis, financial criteria have almost as much wedghthey had after the second set of
weightings. Furthermore, each social criterion has very litfleence on the outcome (the weight for
each social criterion is now 2.4 %) and the environmental critétiah were not considered very
important by most of the jurors gain more influence now (their weight@sed from around. 15 % in
the final workshop weighting to 33 %).

The outcome when assuming equal category weights results in N@tBrbeked fourth in the final
jurors’ weighting, now performing best ahead of Isabella Pond (preyioask 3), W2 (previously
rank 5) and Lake Tuggeranong (previously rank 2) (see Figure di2heF winner Point Hut Pond is
in fifth position now. Again, the top ten after the second weightitigatik among the first ten, with
three options being on the same rank as before. On the whole, 12 optibettereff, 12 are worse
off and the remaining five have not changed their position. The biggasgje was gaining and losing
seven ranks.
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Contribution of criteria categories to project benefit scores
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Figure 42: Contribution of criteria categories to project benefit scores under equal category weights

The average benefit score amounts to 0.53 and is only slightly higdrein the final jury ranking
(0.52). The standard deviation of benefits, however, has decreased from 0.10 to 0.09 (i.e.nwemefit
lie closer together). Figure 42 also shows the category contniisutd overall project scores. The
average contribution of all social criteria is 0.19 (final ragkof workshop: 0.27), economic and
environmental criteria make up 0.14 (0.16) and 0.20 (0.09), respectively. \&idial and
environmental criteria do only have a low variation in beneftemffard deviations of 0.02 and 0.04),
the category of economic criteria varies much more (standaidtidew 0.09). This implies that the
economic criteria make the difference in the ranking (seer€ig2). The ten top performers do very
well in the economic criteria which bring them ahead of the other options.

Refinement of decision criteria

As a result of the final meeting with stakeholders, it waddaecthat some of the social and
environmental criteria being used to assess the options could undergoeforament particularly
with respect to possible double counting or lack of clarity of mearktinght of the initial social
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criteria were refined to a total of six and some of the scoresed accordingly. One of the
environmental criteria was deleted as it was seen to doublethpamather and the scoring on one
other refined to better reflect its representation. A newrmitevas added on algal risk to reflect the
responses of the workshop (see Table 37). The results as pedrdeission criteria are shown in
Figure 43 with the top ten pond options virtually remaining the samm Islightly different order as

follows:
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Contribution of criteria categories to project benefit scores
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Figure 43 Contribution of criteria categories to project benefit scores under changes to some criteria

Table 37: Revised decision criteria as per stakeholder interests

Criteria

Impact on the community
Impact on households
Equity of access to water
Impact on land prices
Ecological habitat
Community support
Levelised cost

Aquatic vegetation

Algae

10 Drawdown harvesting

11 Difference in drawdown
12 Water quality

13 Volumetric reliability

(@]

o|lo|~N|o|u|sw|dik|Z
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Table 38: Rankings according to different weightings (the blue coloured area shows the performance of the top
ten options from the first ranking, red font means that these options cannot be properly assessed because of lack
of real data for the social criteria)

Ranking Ranking equal
First Second equal category Final
No. | Option description ranking ranking weights weights ranking
17 | Point Hut Pond 1 1 10 5 1
NC18 Sullivans Creek,
13 Mitchell 2 4 1 1 6
G23 Sullivans Creek,
10 Mitchell & Kenny 3 6 3 6 10
14 | Lake Tuggeranong 4 2 2 4 7
15 | Isabella Pond 5 3 9 2 4
W2 Yarralumla Creek, 2
22 Curtin 6 5 13 3
NC9-11 Tributary of
12 Sullivans Creek, Lyneham 7 9 5 7 8
9 Yerrabi Pond 8 8 15 8 5
11 | David Street Wetland 9 10 4 10 15
16 | Upper Stranger Pond 10 7 26 9 3
1 West Belconnen Pond 11 11 7 13 16
7 Nicholls Pond 12 12 19 19 12
6 Lake Ginninderra 13 13 27 15 9
8 Gungahlin Pond 14 16 22 16 11
29 | NC14 15 14 24 12 14
WO Yarralumla Creek, 13
21 Curtin 16 18 23 11
3 Dunlop Pond 2 17 17 6 14 18
2 Dunlop Pond 1 18 15 11 17 17
B14 Ginninderra Drive &
4 Kingsford Smith, Florey 19 19 21 22 19
T3 Tuggeranong Creek,
19 Calwell 20 20 17 24 20
B28 North of Southern
5 Cross Drive, Latham 21 22 8 18 21
27 | WC14-15 Duffy & Holder 22 21 14 23 25
WCO Weston Creek,
25 Lower Molonglo 23 23 20 21 23
18 | T2 Fadden & Chisholm 24 24 25 28 22
WC4 Weston Creek, 26
26 Holder 25 25 12 20
T4 Next to Tuggeranong
20 Homestead, Richardson 26 26 16 25 28
WC19 Adjacent to
Warramanga District 29
Playing Fields,
28 Waramanga 27 29 18 26
W19 Eddison Park, Woden
23 Town Centre 28 27 28 27 24
24 | W27 Mawson & Pearce 29 28 29 29 27
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10.3 Summary and Conclusions

The overall analysis shows that the top ten options for stormiaiteesting identified in the master
plan are extremely robust with respect their social, economieewsldgical performances. As could
be expected, the equal criteria weights totally changed the loperidrmance of the options because
weights of each criterion were of very different percentages than thogeeasby the jurors. There is
however, no reason why the weights should be of equal weighting but tiiesprwas just
undertaken to see that a careful assessment of the weights bbocddried out as their values do
make a difference to the overall outcome. If equal categomyhigeare assigned, the results are rather
robust because the categories receive more similar weightsAuuitionally, the top ten options
from the jury weighting perform very well in economic terms. Egategory weights were applied to
address some of the concerns of the stakeholders that there amyemmare social criteria being
assessed in the process than just economic and environmentah @itdrithis may have a bias
towards those ponds that performed well on the social criteria. iEvka overall broad category
contributions are equal (assuming that social, economic and environroenséderations are given
overall equal importance in a triple bottom line assessment)ittderes not change the top ten rated
ponds to any great extent.

The summary of the rankings for different weighting schemesuattmed in Table 38. However, as
mentioned earlier, one of the key objectives of the DMCE prosas® ito give emphasis to a ranking
of the options because of the hydrological and ecological dependenc@maebptions. The results
described in this chapter should only be used to understand relativeaehéafdividual options in
the master plan in social, economic and environmental terms.
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11 RISK ASSESSMENT OF STORMWATER HARVESTING

The aim of this chapter is to explore possible risks of options inmhster plan both for the
community and the environment.

This risk assessment provides a generic understanding of risiffarglguidance on risk issues that
should be considered in future work; it does not provide a full risgsas®ent for individual options
or complete master plan. It is beyond the scope and resources of this torepeamine a detailed risk
assessment of all the options included in the master plan.

Information from the hydrology, ecology, and social assessments celeded as well as other
available data to answer 'what if' questions about the perfornsfpomds with respect to key risks,
their causes and controls under a range of conditions. The three key risks are:

e water supply security
e the environment and
e public health and safety.

Australian Standard AS 43@&tandards Australia 2004) defines risk as the chance of something
happening that will have an impact on objectives. It notes thaisriskken specified in terms of an
event or circumstance and the consequences that may flow frondits aneasured in terms of a
combination of the consequences of an event and their likelihood. Irsseksanent, identifying risks
and evaluating their probabilities and associated impacts ar&eyvtasks. Equally important is to
trace the decisions that cause the risks. Specific manipulafidthese causes to reduce or avoid risks
are called controls. Controls are defined in AS 4360 as any exgstiegss, policy, device, practice
or other action that acts to minimise negative risk or enhandtivpassk (opportunities). The word
‘control' may also be applied to a process designed to provide re@sasablance regarding the
achievement of objectives. A more detailed description of rislesssnent and management for
integrated urban water systems may be found in Blackmore et al. (2008).

In line with the definitions of AS 4360, social and political attituées! influences, economic
instruments, institutional and operation arrangements in this remitoasidered as controls that
help reduce the level of risk. The ACT already has legislatinanitoring and maintenance
procedures in place for the operation of existing ponds and lakes, aedutadion and awareness
programs available to the community. Such controls are an essential partstdanwater harvesting
scheme, and complement the structural, geotechnical and other compoagmtsig the risk of

failure; their proper functioning is paramount to successful operation.

Satisfactory construction and ongoing management of individual pondsdepiénd on local
circumstances. Site-specific data, such as proximity to roadavayhousing and intended access and
recreational use, will be required to assist in their design.llgezdechnical data are essential if the
risk of supply security is to be kept at an acceptable leeeltlese aspects, a full engineering risk
assessment should be conducted for each pond at the detailed design stage.
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It should be noted that water supply security risk considered ingjhist addresses only the security
of supply for ponds and lakes to meet their associated irrigatioargkerdvhile this risk will impact
on overall risks relating to the security of the ACT's potablder supply (generally by reducing
demand, but in some cases there could be an increase), the overall imMmapevid on the complete
scheme (master plan). As discussed previously, analysis of cemsplegmes is beyond the scope of
this report.

The following issues do not figure in the remainder of the riskiseof this report, but are
considered to be worthy of note here.

In the Social Impacts of Water Management in Canberra Suresydents from Weston Creek,
Woden, Tuggeranong, Gungahlin, the Inner North and Belconnen reported thatattarhmyvesting
was the most popular alternative supply option appropriate for diffezgiins of Canberra and for
their own suburb (Chapter 0). It would seem from this response théskhef a particular pond or
lake option being unvalued by the community is low and independent of lodagarral support for
construction and use of stormwater ponds means they are likelyésgmrted by the community and
suggests a low socio-political risk. The risk of unequal adoetdse amenity of ponds or lakes has not
been considered because it is confounded by numerous factors such as dlgeapleics of
participation in field sports and the personal mobility of the population.

Geotechnical difficulties include unexpected aquifer recharge conditiarge rock obstructions
and/or leaky beds of ponds encountered during excavation. Such risksemésed but not excluded
by ensuring appropriate geotechnical surveys prior to design and ctipnstriicis also advisable to
conduct testing during construction and follow-up geotechnical inspectionse Tineasures ensure
that any deviation from design assumptions is reviewed and cuoer@gdasures put in place as and
where necessary. Geotechnical details for particular recygtdwater supply options were not
available at the time of writing and a risk of unexpected additional cost depends @mmlocat

Records indicate that approximately once in every ten years @TeeXperiences an extreme rain
event when the precipitation is around 100 mm in a single day. While quantissegsments vary, it
can be said that generally the frequency of such extreme weatihas will increase due to climate
change. Potential consequences are pond overflow, temporary issuesatgitlyuality, and potential
flooding to nearby roads, houses, schools and critical infrastructure.

The provision of stormwater capture and re-direction infrastru@utesigned to attenuate the effects
of extreme rain events. As such, the proposed plan of stormwaterecaptliespecially the use of
ponds for irrigation should present a net reduction in the risk of floottidged, Canberra is situated
on a natural 1 in 100 year floodplain and the addition of stormwater pondaaiag®atly affect the
risk of regional flooding. Specific ponds and ASR schemes may, howalter the immediate
location of flooding when it does occur, and flood risk assessment shocddriszl out as part of the
detailed design for individual ponds.

11.1 The Risks

The three basic risks that were identified as being of concern are:

e water supply security
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e risk to public health and safety and
* environmental risk.

Each risk will be affected by many aspects of the watetesysAnalysis frequently relies on a
systems view where combinations of results from hydrology, econogvosmunity and ecology
have a bearing on the outcome.

In considering risks it is important to consider the worst possilieomes that might result when the
system is subjected to extreme or unexpected events. It iseaelednomy not to acknowledge such
possibilities. By understanding their potential magnitude, and wheressayge ensuring that
preventative or mitigation controls are in place, the potentialifaster can be greatly reduced, even
if 'likelihood' cannot be fully quantified.

11.1.1 Water supply security

In line with the project objective, the water supply securitly was originally phrased as the risk of
the system failing to achieve a 3 GL reduction in potable velerand. As the project evolved, this
risk was overshadowed by concerns about individual ponds failing to prve@ble supply to the
nominated irrigation area. The risk of failing to achieve a J&luction is a function of which and
how many ponds are included in the final scheme, and is not considered further in this report.

During Stage 1, volumetric supply reliability was nominally akdted for each pond, and ponds and
ASTR were only considered in Stage 2 if their ability to supply to teepective demand centres had
greater than or equal to 95% reliability. The calculation method psedided a coarse scale

indication of the ability of each pond to deliver; however, evaluatias Based on long-term annual
averages and involved a number of simplifications and assumptionedgdte further investigation

if the risks are to be well understood.

In this report we consider the possibility of the ponds being unrelinbparticular years and at
particular months within a year. We also consider the controls on sapgldemand, the possibility
of demand centres not abiding by water restrictions and ecological factotsgfegply security.

11.1.2 Public health and safety

Although social impacts survey respondents said that amenity w&saha priority than safety, we
have to consider the remote possibilities of drowning and other immedezards. For the
assessment of health and safety risks we also ask wh#teawmlikely but possible chances and
consequences of misuse of harvested stormwater (e.g. children dfiickinthe wrong tap at a sports
ground). The increase in the area of water available for mosqealibg and the effect of climate
change will elevate the (currently low) risk of vector-borreedse. These risks need to be compared
against the current frequency of water-related accidents aedsks. The effectiveness of controls
put in place to mitigate these risks also needs to be considered.

11.1.3 Environmental risk

The environmental risks considered here include the potential forelarglbeit artificial) habitat,
the likelihood and impact of high nutrient loads and the possibility of algal blooms.
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Several constructed ponds and lakes already exist and have dlaehdy impact on the flow regime
in the ACT. However, the increased drawdown on existing ponds and lalefsinher affect stream
flow. Both the increased drawdown and the construction of new ponds widlxéonple, have some
impact on flows to the downstream Murrumbidgee River.

11.2 System Pictures of Ponds and Lakes

When considering the risks related to integrated systemshelsul to represent the system with a
concept diagram. The basic physical concepts of the Canberra feteghdban Waterways project

are represented in Figure 44 and Figure 45. The diagrams weteasise stimulus to generate
questions about whatould happen to the system. They should be used as a guide only, and do not
fully represent all important social, environmental and economic interactions.

Treatment
& Pumping
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Figure 44: Basic system diagram

EXISTING SUPPLY 1.a — inflow to dams and dam level, 1.b — local stream flow, 1.c — ecological impact and
downstream flows to Murrumbidgee, 1.d — centralised water treatment and delivery;

NEW OPTIONS 2.a — New and existing lakes, ponds and ASTR ponds and their connection to the
Murrumbidgee, 2.b — urban run-off, 2.c — rainfall, 2.d — pumping and delivery of captured stormwater;

DEMAND 3.a — water used by residents, 3.b — water used by business, commerce and industry, 3.c — water use
by parks, sportsgrounds, public and private facilities, 3.d — run-off from households after on-site capture.

Features of an individual pond and its associated irrigation ageshawn in Figure 45: this figure
forms the basis of the ‘what-if’ analysis, prompting us to think about all relessurés.
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Figure 45: More detailed view of pond system. Note draw down, sloping sides, run-off from different land uses,
adjacent roadway, houses, businesses, recreational use, partial surrounding fence, ecological habitat, illicit
extractions and downstream flows, picnic area, and adjacent playing field with pump and pipe.

11.3 Information to Support the Risk Assessment

In assessing the likelihood and consequences of events that contitheddentified risks, many of
the calculations consider a combination of the analysis and meastsefran the domains of
hydrology, economics, ecology and social research. Additional dataseeght from a variety of
sources (see cited references) and from the analysts in the speciatisiéeesought:

1. information on the known or modelled ranges of performance for components of the system
2. the likelihood or frequency of (extreme) events that compromise that performance
3. information on thresholds, quantitative or qualitative, that:

e represent the limit of performance of the system (e.g. totalipp@ssupply from
ponds)

e are based on legal, environmental, industry or safety standardadeegtable water
quality)

e represent other requirements or ambitions (e.g. impact on biodiversity).

11.3.1 Hydrology

The hydrological performance of the ponds fundamentally affects matme afsks directly. It also
influences the social, economic and ecological assessments antsthimslimectly contributes to the
evaluation of risk. For example, stormwater ponds may not be able to:

» supply the expected amount of water for irrigation
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* may change flow regimes which affect the ecology and
» might flood and cause damage to nearby homes and infrastructure.

However remote these risks, they must be considered and they all rely on hydratbgication.

11.3.2 Community

In addition to the hydrological drivers of risk some idea of the comityis willingness to adopt and
responsibly use the water from ponds and lakes for irrigation is also needed. Queshimies i

« What are the chances of someone accidentally drinking stormvrater a tap at a
sportsground where previously only potable water had been used?

« Do people see themselves as being responsible for managing the supply of water?
¢ What the possibilities are for cross connections?

While the social impacts survey produced useful results for the risk asdtysteould be remembered
that results from surveys and focus groups reflect opinions and lffessessment of participants;
this may or may not translate into thetual behaviour of residents. Nonetheless, it is a useful
indicator prior to implementation of pond and lake options.

11.3.3 Ecology

Generally there are ecological benefits from the introduction of pana®ss nutrients are trapped
and prevented from entering environmental flows, and the precipitougdimimes, characteristic of
urban run-off, are attenuated. The ecological analysis (Chapters8prbaided information on
hydrological loading and possible impacts on environmental flows to the Murrumbidgge Riv

An assessment of the impacts of 50- or 100-day continuous dry periedssa to estimate impacts
on shoreline vegetation under the assumptions of a 50 cm drawdown comjtarédewcurrently
regulated 20 cm drawdown allowance. Note that for some ponds and [dk&scen drawdown is
proposed and even that may be exceeded because of evaporation or over-extraction.

The ecological assessment has provided some idea of the potmniilale-green algae blooms which
affects supply security because water can not be used and informs potential $iealth ri

11.4 Water Supply Security Risks

11.4.1 Over extraction

The risk to supply security due to over extraction is influencedrbwth in demand, excessive
watering behaviour, illicit extraction or failure to comply widgulated limits. The aspect of demand
growth is a risk perceived by the community with more than 80% oacfak impacts survey
respondents identifying population growth and rainfall as two factagsingortant in determining
whether Canberra has sufficient water (Question 15, Chapter 0).
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Over extraction affects the long-term reliability of a pondateelas there would be a more frequent
loss of availability. The vulnerability to over extraction is ldwegulation controls are in place and
enforced. This is currently the case for existing ponds and lakes.

Calculations from the Stage 1 report assume a flat continuatimurreint levels of demand. However,
the ACT population is forecasted to increase to between 390 000 and 460 B8G/egrt203ACT
Chief Minister's Department, 2007). In the year 2050 the population maghr500 000 and
according to the Australian Natural Resources Atspartment of the Environment and Water
Resources 2007) the water demand will increase to between 83 and 94 GLl/yr.

Linked with population increase is the need for more housing and, patiicidaCanberra, an

associated need for public open space and playing fields. This magyanansignificantly change

demand for irrigation, but in dry times there may be the need to supmienon-potable pond
irrigation supply with potable water. This has the potential to donte conflict with potable water

supply for other uses which might be under strain at the samaltiemé larger populations and/or
dry conditions. An increase in population may also increase the nomgdarsurface areas within
the catchment of ponds and lakes, altering the hydrology so as tbrdaex stormwater towards (or
away from) ponds and lakes.

Pre-existing connections means there is ‘back-up’ via substitwitbnpotable water supply in times
of extreme weather, although potable water connections may not exist for newedrageads.

The results of the social impacts survey indicate that peopteaply identify the ACT Government
and ACTEW as being responsible for managing water in Canberraufvey also revealed that the
community identifies itself as being responsible for achieving gwatér management outcomes
(Question 15, Chapter 0). This suggests a low tolerance of dktiactions and a greater likelihood
of compliance with regulations.

The recent historical record of water restrictions, shown in Eigé; demonstrates that generally
there is a good correlation between the actual and target tHweister consumption during periods
of water restrictions. It is notable, however, that actual consamptbes regularly exceed water
restriction targets during the summer months and on one occasionfénersié was 50 ML/day on
average for that month. That this coincides with the same montlwvest pond reliability is a
concern.
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Figure 46: Summary of expected, target and actual monthly consumption of water in the ACT between November
2002 and October 2005. (ACT Chief Minister’'s Department 2007, p. 51).

Another aspect of the risk of over extraction is the impact ofitheedown on the aesthetic values of
existing lakes. For example, as well as providing for stormwdgé&ntion, Lake Ginninderra is a
popular recreation facility, supporting swimming, boating, fishing,iegchnd walking and the lake
foreshores are greatly valued (ACT Territory and MunicipaliSes, 2006). While these values are
acknowledged, the risks involved due to over-extraction are difficiduantify and are not assessed
in this report.

11.4.2 Pump failure

Possible causes of pump failure include operational fatigue and gotissants in the system.
Potential impacts are primarily a reduced availability ofewand secondarily increased exposure to
flooding. Pump lifetimes were assumed to be approximately 15 yearscasts of operation,
maintenance and replacement of pumps have been accounted for in dewalpnagter plan. These
options have greater than 95% reliability and the risk of pumps coniging supply for any
extended period is low, given a properly attended maintenance schedukeisTpetential for gross
pollutants to block pumps although filters, gross pollutant traps andaregaintenance relegates this
risk to being low. Such controls are in place for at least onérexsupply location (Canberra Urban
Parks and Places, 2001) and there are nearly 90 gross pollutardryapd the ACT (ACT Chief
Ministers Department, 2007). Any properly designed new stormwater pould wiclude a gross
pollutant trap where appropriate.

The event of a broken pump resulting in flooding requires that the pumfynoteon would have to
coincide with extreme weather and simultaneously the blockagesmifi@ay or weir. Such specific
circumstances are highly unlikely and this risk is also estimated to be low.
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11.4.3 Inter-annual rainfall variability

It will be readily acknowledged that Australia’s climatehighly variable. There is a wide range of
variation in annual climate patterns with extremes in raindmtl dry periods. Consequently,
volumetric reliability in gparticular year might be lower than the 95% used for developing the master
plan, which was averaged over the course of many years in atelgequence. Using the same
climate sequence, we obtained data on the daily status of sucdagdarerfor each pond to deliver
the water demanded of it for irrigation. Taking an average ibfréarates across all ponds for each
year of a 65-year climate sequence, adjusted for climate change the Stage 1 report and ACTEW
(2006), we derived the graph in Figure 47.

Average for All Ponds and Lakes
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Figure 47: Rate of pond failure in days per year plotted against the number of years that rate would occur in a
century. Note that there is about 1 year in every century where all ponds on average will not be able to supply
water for 100 days. The trend line added is for guidance only.

A more detailed depiction of the risk to water supply security, for eacmstater capture option, can
be seen in Table 39. The metric of ‘average number of days of plumd'faas been used to rank the
ponds and lakes from most reliable to least. A ranking of optionsl lmaspercentage of years where
more than 50 days of failure occur would seem to produce the samiagramwikh the notable
exceptions of Lake Ginninderra and Lake Tuggeranong. 'Failure' indhiext is the inability of the
recycled stormwater supply option to supply water for irrigatidresg calculations are derived from
the hydrological analysis and are based on the 65-year projectiam-offrunder climate change
assuming a 100 cm drawdown. While the ranking may or may not changeethgeamumber of days
of pond failure and the percentage of years where more than 50 days of failure occunereakkiif
the allowable drawdown was less than 100 cm.
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Table 39: Rank of stormwater capture options with respect to average days of pond failure. Also shown is the
percentage of years that ponds or lakes are unable to deliver water for irrigation for more than 50 days (based on
the 65-year projection of rainfall under climate change and assuming a 100 cm drawdown).

Average days of pond % of years with 50 or more
Ponds ; .
failure per year days of failure
Isabella Pond 0 0.0
Tuggeranong Weir 0 0.0
Point Hut Pond 1 1.5
Upper Stranger Pond 2 15
Yerrabi Pond 6 1.5
Lake Tuggeranong 6 4.6
West Belconnen Pond 7 4.6
Lake Ginninderra 8 7.7
B14 9 0.0
Gungahlin Pond 10 3.1
B28 10 3.1
WC14-15 10 3.1
WC19 10 3.1
T4 10 3.1
David St Wetland 11 3.1
WcC4 11 3.1
T3 11 3.1
T2 11 4.6
w27 11 3.1
Dunlop Pond 1 13 12.3
Dunlop Pond 2 14 10.8
Nicholls Pond 14 12.3
WCO0 18 12.3
w19 42 215

11.4.4 Monthly variability

While every pond or lake option identified in the Stage 1 report katuanetric reliability of at least
95%, the remaining 5% are not spread evenly over months within theAgeén we used the data on
the daily status of success or failure for each pond, this time calculatirgjltine fate per month. We
took an average for each month across all ponds for the whole 6Bliyeate sequence adjusted for
climate change as per the Stage 1 report.

From Figure 48 there is clearly a greater likelihood of poridr&occurring in the summer months.
Even considering this distribution, the monthly reliability at the tnadfected time of year is still
greater than 90% on average.
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Average Days of Pond Failure Per Month
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Figure 48: Average monthly rate of failure of ponds to deliver water required for irrigation. Averaged across all
ponds considered in the master plan (each with a long-term average reliability of >95%) and averaged over the
full climate sequence used in the Stage 1 report.

The above two results on variability rest on the same assumpatiottse hydrological assessment
done in Stage 1 which include a flat continuation of current levetienfand and a low level of
demand for irrigation in the winter months.

11.4.5 Loss of pond capacity

Pond capacity might be compromised by silting or illegal dumping. This might leadiuicede storage
capacity but is unlikely to affect water available for drawdown.

From the stakeholder meeting held on 23 June 2008, one issue that was idengifieat\wands have
a tendency to silt up. The need for ongoing dredging and maintenance $eegettntial economic
cost in proportion to the risk of silting. This, in turn, depends on theo§igend catchment areas and
their land use. Monitoring and managing the ponds is essential to psdvdrdcking the designed
spill ways or interfering with the functioning of pumps.

Full assessment of this aspect of pond management requires losgiaific geotechnical
information not available to the authors. The values expressed in gooups and in the social
impacts survey suggest a level of respect for ponds and takies community that places the risk of
illegal dumping at a low level.

11.4.6 Water quality prohibits use
The intended end use of the stormwater captured in ponds and lakesgidion means that the
water quality from urban run-off is unlikely to prohibit the use of the water.

However, the potential for blue-green algal blooms presents theskhe water would be unsuitable
for any use. This depends heavily on the specific hydraulic chasticeiof the ponds and climate
conditions.
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Algae need relatively still water and access to light. Shigation is unlikely to occur in the proposed
new ponds as most of them have low volumes and a high turnover rat@n® down further on
existing ponds is also unlikely to exacerbate the general threbluefgreen algae although the
ecological analysis suggests that harvesting increase$idinees of the extreme-case outbreaks that
occur every ten years or so.

For existing ponds and lakes, thresholds for water quality and otheommeintal indicators have
been established. In those cases the size of the ponds, hydraulic laadimggular monitoring
mitigate the risk associated with water quality prohibiting. Us would be expected that the same
standards of practice would be applied to new ponds.

There are high levels of uncertainty around the possibility of uatugfer storage. The study
acknowledges that further investigation is required if the proposeeses are to proceed. It is
assumed that any stormwater added to the aquifers will be saitdeahigh quality as the current
reserves.

11.5 Public Health and Safety Risks

11.5.1 Drowning

Frequency of death by drowning in the ACT is low compared with othesesa According to
Dugdale et al. (2006), 2% of injury-related mortality for ACT desits between 2001 and 2003 were
due to drowning. There were no drowning in ponds and those associated with lakes genehadlg inv
boating accidents.

Easy access to deep water and, in particular, unrestrictedsafmre children could result in an
increase in the currently low risk of drowning. This may only kgt increase on existing levels of
risk roughly in proportion to the additional length of shoreline introduceti wew ponds. If
preventative measures such as gently graded lake edgesgesigmaing of lake areas and designated
swimming areas are in place, the additional risk of additional pandslakes is still low. These
provisions are generally in place for existing ponds and lakes like Lake Ginainderr

Ponds, and open and closed large drains, present a major attractiaiidienc In the planning of

Canberra, many of the schools have been located adjacent to urbawaysteproviding an

alternative movement system to roads and associated trafiicdsa ACT authorities maintain an
educational program across the schools regarding water hazards and safety.

Recorded waterway drowning in the ACT have been largely assdaidith children being caught in
high velocity open channel flows during storms, with the high velscdied steep concrete edges
making escape from the channel extremely difficult. There twsken a number of drowning of
children playing in ‘in-ground’ large pipe drains. The proposal for é&img of urban stormwater,
and attenuation of peak flows provided by ponds, will effectively redbeepeak flows in open
channels, thereby reducing the existing drowning risks.

The edges of ponds and lakes in Canberra are graded at a slope dftd 1 in 10, to ensure that
there is no sudden hidden increase in water depth (backyard pool situatiergby a child would be
unable to retreat from the pond. In addition, the edges are plantedquéticaplants to discourage
entry by children. There is no requirement to fence ponds in the ACT.
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Elevated water flow velocities in the vicinity of spillwags times of heavy rainfall represent a
potential safety hazard. Fences and floating booms that exclude the fpamlithese areas have been
installed at existing lakes (ACT TaMS 2006) and such measugaiygreduce the risk of drowning
during high rainfall events.

Accidental ingestion

Given the land use in their catchments urban lakes may be stdjeealth hazards such as toxic
blue-green algal blooms or high faecal bacteria counts. Depending almbtmess and activities at
ponds and demand centres there is a risk of the accidental ingektieater containing algae,
cryptosporidium, pollutants, and micro-organisms. The possible consequencesrogtitise gauged
from the cryptosporidiosis outbreak in Canberra in 1998 resulting inyné@fl notifications of
sickness or hospitalisation (Dugdale et al. 2006). Fifty-three percke social impacts survey
respondents were 'very concerned' with water quality and thisclkeady an important issue for
people (Questions 9, 12 & 17, Chapter 0).

The likelihood of accidental ingestion is rated as unlikely becdausguires the combination of at
least three factors:

1. the water quality would have to be so poor it could cause illness

2. there would have to be some sort of activity involving the pond amstater from the pond
so that water could be accidentally consumed

3. someone would have to choose to drink the water in spite of warnings to the contrary.

For existing urban lakes, the water quality is monitored by heallheavironmental agencies, who
issue public health warnings in the event of toxic blue-green algésecal bacteria representing a
potential risk to health. Controls on the quality of run-off can be fonrgkction 1.1.6 of the Design
Standards for Urban Infrastructure (ACT Territory and Municipal Servit¥?).

The interception of stormwater discharges and the possibility vedigee overflow into stormwater
mean that the water quality in the wetland may have elevagsdliflevels. Depending on the size of
the new ponds and ASR, and the variability in the quality of stormivdtews, bacterial numbers in
the wetland will likely be outside levels for safe swimming, particullowing storm events.

Where ponds and constructed wetlands are not intended to be used for swimmingrecothéonal
activities, the risk of contact with bacterial infection éduced. It is understood that macrophyte
planting around the edges of new and existing ponds will act as aedétier people to enter the
water.

There is some concern about the last of the three risk factors mentioned earlier:

* 38% of the social impacts survey respondents thought that drinking Wwewld appropriate
use of collected stormwater and recycled water (Question 12, Chapter 0)

* 33% of 421 respondents said that they sometimes drink tank water and

e 9% of 413 people surveyed sometimes drink bore water.
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These statistics are only a gauge and contribute no information orejgedphking behaviour in
response to warnings but, if anything, they elevate the risk of accidentaldngesti

The potential for accidental ingestion of recycled stormwaterbeaminimised by the adoption of
different and distinctive pipe reticulation materials and fiitg potable water supply, the exclusion
of surface tap outlets, the installation of warning signs and conmynediitcation. The decentralised
basis of the urban stormwater harvesting, supply nodes and demand aksatiasits the extent and
therefore access to recycled stormwater reticulation lines.

Vector borne disease

Although this study has not evaluated potential increases to mosqgeédiry grounds, sensible
design features such as the graded edges used at Lake Ginnmdemise the local mosquito
nuisance. It would also be expected that the design of Canberrassdalleponds would aim to
encourage mosquito predators.

The Department of Land and Water Conservation NSWistructed Wetlands Manuialcorporates a
mosquito hazard risk assessment protocol (Russell & Kuginis 1998)quiestions for such a risk
assessment are:

¢ Does the area have pest mosquitoes?

¢ Does the area have vector mosquitoes?

* Is access to pathogen hosts uncommon or common?

e Isinflow to the wetland not sewage?

« Does the operation of the wetland give priority to mosquito control in times of peakrig2edi

The protocol also calls for pre and post construction monitoring tondeterikely hazards. We
attempt to answer the above questions in turn.

A study of Jerrabomberra and Tuggeranong wetland areas undertaken B7Vi&86rted that 75% of
trapped adult mosquitoes were ‘containers and isolated pockets of veddded speciesAedes
notoscriptuy. Of the remaining 25%, the ‘wetland’ based species were poteatdrs of diseases
(Anopheles annulipe€ulex annulirostrisandC. australicu$. These surveys were based on shallow
wetlands of 100 — 300 mm depth which is more conducive to mosquito breedindpeharoposed
depth of ponds. However, where ponds are drained significantly this mdycger enlarged areas of
shallow water suitable for mosquito breeding.

Where ponds replace existing areas that are flat or poor draminguéject to flooding during heavy
rain, the construction of a wetland may reduce hazards by relitheéngriginal inundated vegetated
areas of mosquito habitat.

A case study of David St wetland (Mawer 2002) found that there waeteally many more
mosquitoes trapped around residential areas than around the wetland.nTyeree differing

experiences in other locations and with different designs but thissthoss that wetlands do not
necessarily increase the mosquito pest problem.
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Access to pathogen hosts is uncommon. The underlying incidence of vecterdiseases such as
malaria, Ross River virus and Dengue fever in the ACT carédmis Table 40 and Table 41 below.
These rates are generally low compared with the rest of alas&xcept for malaria. This latter

statistic is more likely to be due to travellers returnirggrf overseas with malaria rather than local

mosquito populations.

Table 40: Incidence of vector borne disease reported in the ACT for the year 2003 (Dugdale et al. 2006)

ACT NSW Australia
Malaria 18 120 601
Dengue 7 69 868
Ross River virus 1 492 3841
Barmah Forest virus infection 1 451 1370

Table 41: Incidence per 100 000 of vector borne disease reported for the year 2003 (Dugdale et al. 2006)

ACT NSW Australia
Year 1999 2000 2001 2002 2003 2003 2003
Malaria 7 5.6 5.6 4 5.6 1.8 3
Dengue 0.6 0.3 4.7 0.9 2.5 1 4.3
Ross River virus 2.5 4.9 3.1 0 0.6 7.3 19.1
Barmah Forest 0 0 0 0.3 6.7 6.9
virus infection

Research suggests the range of disease bearing mosquito specienging with the climate
although this may be mitigated with existing or expanded medical services:

Climate scenarios suggest that conditions in some parts of Australia and&é&sand will
become more favourable for the transmission of several vector borresesseHowever,
whether this potential risk will translate into an increase in cadedisease will depend on
other factors such as the maintenance and expansion of the public health sniceedhd
response systeniPCC Third Assessment Report, Chaptein8rnational consensus on the
science of climate and healtis3)

For the long-term scenario of climate change (beyond the terthsscftudy), the projected increase
in temperature suggests an increased potential for Murray Rius; Ross River virus, and malaria.
This increase may be more prevalent in areas of south-eastistralia at lower altitudes than
Canberra. Increased exposure may not translate into increasedivask the medical facilities
available in the ACT and community education programs.

It is understood that inflow to lakes and ponds will not be sewagehandperation of these water
bodies will give priority to mosquito control in times of peak bregdPossible controls may include
chemical control agents when appropriate.

The ACT has a management approach (Russell & Kuginis, 1998) for mosquitoes that includes:

« sediment management: avoid shallow sedimentation zones which woaté steallow or
exposed moist sediment conducive to breeding and exclude many predators
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« depths and slopes: promote deeper (2 m) wetlands with steeper (& ihid 6) edges and
less vegetation to minimise the potential for mosquito breeding aximise access by
predators

e vegetation: extensive dense stands of emergent plants are avopdadts are selected to
limit density and attract mosquito predators

« water level: use of variable water depth to limit extent of emergantglto strand vegetation
and larvae at critical times, and to strand larvae before reaching the agelt st

e water quality: exclude sewage and industrial discharges high amiormaterial, interception
and removal of gross pollutants before inflow to wetlands.

At least one of these strategies is at odds with safetygearent — designing steeper gradients to the
edges of ponds and wetlands. There is a potential trade off in mirgnie risk of mosquito pest
with that of drowning that has to be considered at the design stage.

11.6 Environmental Risks

11.6.1 Local habitat change

The construction of new water bodies or wetland areas will, ithemyt increase the provision for
habitat and biodiversity. Any impact due to altered stream flomgeased drawdown, flooding,
tourism or other human activity depends on local conditions and such desigrs fas the gradient of
the banks.

This report only considers the risks associated with an increlkaegiown on existing ponds and
lakes and makes the assumption of an average gradient of 1tithtOealge. Thus if a drawdown of
20 cm is allowed this could expose 2 m of shoreline. A 50 cm drawdown waptibee 5 m of
shoreline.

If there is a sustained dry period of 50 or 100 days which recurs abewyt #ree years, the
ecological analysis suggests that this will overexpose thetatign at the edge area. Such conditions
are likely to occur during the summer months for particular lakesponds. Table 42 and Table 43
give details on the incidence of 50- and 100-day dry periods, with exagevreturn interval (ARI)
greater than years, for each pond. We should reiterate that evew gonds are vulnerable to this
effect, they will still provide a net benefit to the environmertdue of the area wherever they are
sited. Hence we do not consider new ponds in this risk estimate.
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Table 42: Average return intervals (ARI) for 100- and 50-day dry periods and risk potential during summer
harvesting assuming a 50 cm drawdown and an edge gradient of 1 in 10. Where the ARl is <3 years for either
the 50- or 100-day dry periods this represents a risk to the viability of a 5 m strip of shoreline vegetation.

Pond name ARI 100-day (years) ARI 50-day Risk
(years) (YIN)

Existing

David St 44 14

Dunlop Pond 1 8 3 Y

Dunlop Pond 2 13 5

Ginninderra 7 3 Y

Gungahlin 13 3 Y

Isabella Pond

LakeTuggeranong 7

Nichols Pond 5 3 Y

Point Hut Pond 20 7

Upper Stranger Pond 42 18

West Belconnen 5 3 Y

Yerrabi 8 4

New

B14

B28 49 7

T2 19 3 Y

T3 40 7

T4 48 7

W19 35 3 Y

w27 19 3 Y

WC14-15 50 9

WC19 38 5

WC4 60 8

G23 45 14

NC14 15 3 Y

NC18 26 4

NC9-11 27 4

WO 12 3 Y

W2 49

WCO 25 4
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Table 43: Average return intervals (ARI) for 100- and 50-day dry periods and risk potential during summer
harvesting assuming a 20 cm drawdown and an edge gradient of 1 in 10. Where the ARl is <3 years for either
the 50- or 100-day dry periods this represents a risk to the viability of a 2 m strip of shoreline vegetation.

Pond name ARI 100-day (years) ARI 50-day Risk
(years) (Y/N)

Existing

David St 35 4

Dunlop Pond 1 3 1 Y

Dunlop Pond 2 5 3 Y

Ginninderra 4 2 Y

Gungabhlin 5 2 Y

Isabella Pond 47 29

Lake Tuggeranong 6 2 Y

Nichols Pond 2 1 Y

Point Hut Pond 2 Y

Upper Stranger Pond 19 3 Y

West Belconnen 2 1 Y

Yerrabi 2 Y

New

B14 16

B28 35 4

T2 8 2 Y

T3 24 4

T4 35 4

w19 10 2 Y

w27 8 2 Y

WC14-15 37 4

WC19 24 3 Y

wcC4 47 6

G23 26 7

NC14 7 2 Y

NC18 16 2 Y

NC9-11 17 3 Y

wo 6 2 Y

w2 57 9

wWCOo 14 2 Y
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11.6.2 Water quality affects ecosystem

Water quality can still present an environmental risk evérdibesn’t compromise the end-use of the
water. The proximity of ponds and lakes to roads, farmland, pollutantdségiand other urban run-
off affects the local ecosystem of the pond and the quality ofrwatering environmental flows to
the Murrumbidgee River. We have focused on the latter.

One of the performance indicators @anberra’s Urban Lakes and Ponds Plan of Management
(Canberra Urban Parks and Places 2001) is that there should bé phésizhorous (TP) retention
>70%. The ecological analysis has enabled us to calculate thetitedoF® retention efficiency for

all new and existing ponds. For this to be >70% the hydraulic loading (emjtlaé inflow/area)
generally has to blessthan approximately 8.5 m/yr (Duncan, 1998). However, the size of the pond is
also a factor (Wong et al. 1998). If the hydraulic loadingresaterthan 8.5 m/yr, the volume of the
pond might still be large enough to process the nutrients. Processpagity is important for
detaining phosphates and nitrates from heading downstream to the Murreebtdg new ponds TP
retention efficiency is either neutral or positive with respeaurrent stormwater flows. Information

on specific ponds is given in Table 44.

The calculations in Table 44 are an underestimate of TP remffia¢éncy as they do not account for
harvesting. The harvested water will contain TP, thus removiegtgr volumes of TP from the
waterway. Harvesting will also reduce the hydraulic loading by freeing umstocdume in the pond,

thus further improving the TP removal efficiency.
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Table 44: Hydraulic and nutrient processing capacities of ponds and lakes

TP

Volume Surface I-:yd:ja_\uhc retention N”"'ef‘t Eff?‘?t otn
(ML) area (ha) oading efficiency processing a nutrien
(m/yr) b conditions flows
(%)

Existing
David St. 3.0 0.3 76 22 Wetland Positive
Dunlop Pond 1 14.0 0.7 16 61 High vol. Positive
Dunlop Pond 2 13.9 0.7 8 72 High vol. Positive
Ginninderra 3555.2 105.6 9 69 High vol. Positive
Gungabhlin 554.2 23.8 19 58 High vol. Positive
Isabella Pond 72.0 5.8 60 29 High vol. Positive
Lake 2551.5 56.7 11 67 High vol. Positive
Tuggeranong
Nichols Pond 48.0 4.0 3 80 High vol. Positive
Point Hut 336.0 16.8 7 72 High vol. Positive
Upper Stranger 45.1 4.5 16 61 Positive
West Belconnen 100.0 10.0 2 83 High vol. Positive
Yerrabi 444.2 26.7 5 76 High vol. Positive
New
B14 1.7 0.1 1430 0 High turn. Neutral
B28 8.2 0.4 117 5 High turn. Positive
T2 35.7 1.8 31 47 High turn. Positive
T3 28.0 1.4 69 25 High turn. Positive
T4 9.3 0.5 292 0 High turn. Neutral
W19 61.7 3.1 36 44 High turn. Positive
w27 49.2 2.5 31 47 High turn. Positive
WC15 6.0 0.3 149 0 High turn. Neutral
WC19 8.2 0.4 51 34 High turn. Positive
WC4 16.4 0.8 212 0 High turn. Neutral
G23 10.5 0.5 180 0 High turn. Neutral
NC14 37.9 1.9 24 53 High turn. Positive
NC18 67.0 3.4 50 35 High turn. Positive
NC911 13.6 0.7 110 8 High turn. Positive
wWo 240.0 12.0 30 48 High turn. Positive
W2 6.9 0.3 1066 0 High turn. Neutral
WCO 65.7 3.3 72 24 High turn. Positive

®Assessed as volume >10 ML
®Theoretical calculation TP % = 11.68 x (hydraulic loading)®** using the results of Duncan (1998)
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11.6.3 Environmental Flows

Here the question is how the changes to urban run-off will afiecgaantity of water flows to
the Murrumbidgee River and any associated impacts. The environmentad finportant for a
number of reasons and urban run-off is a particular consideration:

The maintenance of river flow regimes and water quality are fundamental to good river
health. Ecological processes which sustain native fish and frog populations,
vegetation, wetlands and birdlife depend on it. Programs need to be developed that
control inappropriate water flows and urban run-off which can result in incibase
erosion and sedimentation and reductions in water qua(iySW Department of
Environment and Conservation 2005)

The quantity of water leaving the ACT per year in the Murrumtadgaver is regularly 100
times more than annual urban run-off flows. However, urban stormesgéure can influence
at least two aspects of flows in the catchment:

* the non-permeable nature of land use in urban catchments imposaf@allgriflash
flow’ regime, which stormwater ponds help reduce

* intimes of water scarcity, when irrigation demands are at ple@ik and run-off is at its
lowest, there is a small risk of urban stormwater capture eelating stressed
environmental flows.

The hydrological analysis assumed a 25% loss to groundwater whidneatesd as truly ‘lost’
whereas in reality it will still contribute to base flow. Hoxge, given the complex dynamics of
groundwater, this is difficult to gauge.

11.7 'What If?' Scenarios

Each demand and supply option has a volumetric reliabii®. Behind this calculation is
the assumption of a worst-case climate-change scenario for aareralge temperature and
rainfall for the year 2030. The hydrological calculations retain historically observed
variability in rainfall and temperatures and assume a staadyydemand cycle. However, in
previous research for the ACT it was suggested that a change in climatsl¥is likely:

Expert advice to ACTEW indicated that the ACT should be prepared forfraquent drought
periods that are likely to be longer and drier than those experienced 2b@t Updated
analysis of the medium to long-term outlook for the region showed a sagmifiarther
reduction in long-term average inflows from 30% to almost $A@TEW, 2007).

In this report it has been fruitful to look at inter- and intra-annuafath variation on top of the
average changes already considered. The reports (Hughes 2003 &afdl995)hat forecast
an increase in variation due to climate change suggest timtwibrthwhile to think about
extreme weather events and their consequences happening with greater frequency.

For each risk identified in Chapter 11.1, we consider a standard set of scenarios:
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1. What if the pond and lake options are implemented as they are ahdstivecally
observed variation in rainfall continues?

2. What would be the impact of the driest year happening again? Thid waan about
100 days of continuous dry weather for all areas.

3. What if there was a rain event equivalent to a downpour of >100 romeiglay. Such
an event has occurred in Canberra approximately once in evergaefagcording to
climate series outlined in Chapter 2.1).

Each of the above scenarios is likely to occur. While Scenarersd23 represent 'extreme’
situations, it is probable that with climate change these sosnaiil occur with increasing
frequency.

It may be anticipated that the larger the size of a given gandreater its ability to buffer any
extremes of wet or dry, and this is true. However, with larger ptmele is also a greater
perceived capacity for it to supply many demand centres — teimb®died in the anticipated
extension of drawdown from 20 cm to 1 m for some existing lakes. DHis/do supply is
justified on theaveragereliability but the risks to supply are exacerbated by the nuwiber
users and the perceived stability of the water source contraitethe actual meteorological
variability.

11.8 Risk Estimation

The following tables (Table 48 to Table 56) in Chapters 11.8.1 to 11.&3rejresent one of
the three scenarios in Chapter 11.7 for each risk category. hntaale, the key variables that
influence each risk are listed in Column 2. The likelihood and consequehaegisk event are
listed in Columns 3 and 4 respectively. Assumptions that were ragdeding the performance
and control of the variables are listed in Column 5. In assesskg mlating to individual
ponds, it is important to ensure that these assumptions are valid. Falexam assumed that
certain regulations are present and enforced. At present regulatéimsplace about the limits
to extraction and some control over thgesof extraction when the level of the pond is near or
at the legislated drawdown limit. The risks estimated in Cheite.8.1 to 11.8.3 are based on
the following guides used to describe likelihood (Table 45), consequé&abée (46) and risk
(Table 47).

Table 45: Guide to the definition of 'likelihood' with respect to the frequency of a risk event as used in the
risk analysis

Likelihood Frequency of event
Almost certain 10 times a year
Likely once a year
Possible once in 10 years
Unlikely once in 100 years
Highly unlikely once in >100 years
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Table 46: Guide to the scale of consequences used in the risk analysis

Consequence Description (supply and ecology) Dascri ption (health)

Negligible Very little change from background No or minimal discomfort
circumstances

Minor Inconvenience but within normal Discomfort or sickness requiring
operating ranges treatment

Moderate Localised and/or short-term impact Injury or sickness requiring

hospitalisation

Serious Widespread and/or long-term Single death
impacts & damage

Catastrophic Permanent widespread damage Multiple deaths

An important caveat to mention is this process is that ‘risk estimation’ isfimatl assessment.
Many consequences cannot be gauged at this stage because of the need for furtteanesear
any ultimate risk assessment would need to be based on data for specific ponds llmavaila
the time of writing), and for a complete system.

Risks are assigned with reference to Table 47 using best estimatemal hisk estimation on
the right hand side of each table is not purely about likelihoods and consequences but also
includes the controls and other considerations listed, that represent people’s and gaicy m
responses to the inherent risks.

Table 47: Guide to the estimation of risk based on the combination of likelihood and consequence. H =
high risk, M = moderate risk and L = low risk

Negligible Minor Moderate Serious Catastrophic
Almost certain L H H H H
Likely L M M M H
Possible L L M M H
Unlikely L L L M H
Highly unlikely L L L M H
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Table 48: Water supply security, Scenario 1 — background scenario based on Stage 1 report
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Issue Cause Consequence Likelihood ontrol consider ations Risk
Estimate
Over Excessive watering, Minor — lower long-term Likely if controls Regulated extraction rates and limits, Low
extraction illicit extraction, failure reliability, more frequent not in place monitoring and enforcement, potentially high
to comply with limits, loss of availability demands in summer coincide with high potable
growth water needs, urban growth may increase run-
off to ponds
Pump failure | Operational fatigue, Minor — no water available | Unlikely —as per | Pumps appropriate to operating conditions, Low
gross pollutants in commercial pump | maintenance, gross pollutant traps
system failure rates
Inter-annual | Variation in annual Minor —reliability in a Unlikely No control available, frequency of event may Low
variability climate patterns specific year lower than be increased with climate change
75%.
Monthly Climate variation within | Minor —reliability slightly Likely No control available, magnitude of effect may Mod
variability the year less in summer than winter be increased with climate change
Land use Development increases | Minor — increased inflow, Possible in some | Urban planning, stormwater and extraction Low
around pond | non-permeable area increased demand from areas controls, household rainwater tanks
new demand centres
Loss of Silting, illegal dumping Minor — reduced storage Possible in some | Monitoring, gross pollutant traps, maintenance | Low
pond capacity but unlikely to areas and dredging
capacity affect water available for
drawdown
Water Run-off, pollutants, Minor — water unsuitable Possible Water quality requirements for irrigation, Low
quality blue-green algae for use management, monitoring, treatment and

prohibits use

removal of pollutants, waste disposal facilities
available
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Table 49: Water supply security, Scenario 2 — extreme rain event

Issue Cause Consequence Likelihood Qontrol consider ations Risk
Estimate
Over extraction | N/A N/A N/A N/A N/A
Pump failure Operational fatigue, Minor — increased likelihood Highly unlikely | Pumps appropriate to operating Low
pollutants in system and magnitude of flooding conditions, maintenance, gross
pollutant traps
Inter-annual N/A N/A N/A N/A N/A
rainfall
variability
Monthly N/A N/A N/A N/A N/A
variability
Land use urban growth may Minor — increased inflows — Possible Urban planning, stormwater and design | Low
around pond increase run-off to ponds | quality of floodwaters prevent controls, by pass channels, etc.
use
Loss of pond Silting, illegal dumping Minor — pond breaks its banks, | Possible in Monitoring, gross pollutant traps, Low
capacity blocks spillway repairs and restoration of some areas design, maintenance and dredging,
capacity community attitudes
Water quality Pollutants and debris Minor — large volume of water Unlikely Bypass channels, education to prevent | Low
prevents use washed into pond after unusable — delays until water contaminants entering stormwater
heavy rain available
Flooding Pond overflow Moderate — could break pond Unlikely Pond and buffer design, spillways, by Low

banks and reduce storage

pass channels
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Table 50: Water supply security, Scenario 3 — prolonged dry
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Issue Cause Consequence Likelihood ontrol consider ations Risk
Estimate

Over Illicit extraction, high Moderate — very low short- | Possible Regulated extraction rates and limits, Mod
extraction evaporation and near or term reliability, more monitoring and enforcement, potentially

at maximum drawdown frequent loss of availability high demands in summer coincide with

levels high potable water needs
Pump failure | Operational fatigue, Minor — loss of supply ata | Unlikely — as per Pumps appropriate to operating conditions, | Low

pollutants in system critical time commercial pump maintenance

failure rates

Inter-annual N/A N/A N/A N/A N/A
rainfall
variability
Monthly N/A N/A N/A N/A N/A
variability
Land use Proposed development Minor — marginally Possible in some Augmented ponds, urban planning and Low
around pond | increases area of irrigated | increased demand for areas design

land irrigation
Water quality | Reduced turnover Moderate — potential blue- | Unlikely — needs Harvesting management, monitoring, Low
prevents use | enables greater algal green algal blooms specific water treatment of algal blooms

growth balance conditions
Loss of pond | Silting, illegal dumping Minor — could temporarily Highly unlikely Policing, gross pollutant traps, Low

capacity

affect water quality

maintenance and dredging
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11.8.2 Public health and safety

Table 51: Public health and safety risk, Scenario 1 — background scenario based on Stage 1 report

Issue Cause Consequence Likelihood Control consider ations Risk
Estimate
Drowning Easy access to deep water, Moderate — sickness or Unlikely — very few Lake edge design — planting Low
unrestricted access for children, | hospitalisation recorded accidents in macrophytes, fencing, education,
accidents associated with water ponds designated swimming areas and
activities supervised activities
Accidental Algae, cryptosporidium, Moderate — sickness or Unlikely, depends on Water quality monitoring, separate | Low
ingestion pollutants, micro-organisms, etc | hospitalisation local access and reticulation systems, safe taps,
activities at pond and education, warning notices,
demand centre medical facilities
Vector- Mosquitoes Moderate — increase in Unlikely — could Pond design, education, medical Low
borne occurrence of malaria, change with climate facilities
disease Ross River fever, Dengue

fever
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Table 52: Public health and safety risk, Scenario 2 — extreme rain event
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Issue Cause Consequence Likelihood Qontrol consider ations Risk
Estimate

Drowning Fast moving flows in Negligible — number of N/A for ponds and lakes | Plants around the edges, Low — N/A

stormwater drains reduced by | drowning reduced protection of access to spillways

retention and stormwater drains, fencing,

education

Accidental Greater than usual volumes of | Moderate — sickness or Unlikely, depends on Water quality monitoring, separate | Low
ingestion algae, cryptosporidium, hospitalisation local access and reticulation systems, safe taps,

pollutants, micro-organisms activities at pond and education, warning naotices,

etc demand centre medical facilities
Vector- Mosquitoes Moderate — increase in Unlikely — for ponds and | Pond design, many ponds have a | Low
borne occurrence of malaria, lakes. Could change high turnover, education, medical
disease Ross River fever, Dengue | with climate facilities

fever
Table 53: Public Health and Safety Risk, Scenario 3 — prolonged dry
Issue Cause Consequence Likelihood Qontrol consider ations Risk
Estimate

Drowning N/A N/A N/A N/A N/A
Accidental Concentration of Moderate — sickness or Unlikely, depends on Water quality monitoring, separate Low
ingestion pollutants in hospitalisation local access and reticulation systems, safe taps,

evaporating ponds activities at pond education, warning notices, medical

facilities

Vector- Mosquitoes Moderate — increase in Highly unlikely — Pond design, many ponds have a high Low
borne occurrence of Malaria, Ross mosquitoes need turnover, education, medical facilities
disease River Fever, Dengue Fever water to breed
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11.8.3 Environmental impact

According to the ACTWater Report 2006-0fACT Territory and Municipal Services, 2007), the ACT is a net exporter of weatke Murrumbidgee.
There is little chance that this could be compromised even with a full complememt pbnds. Urban flows are small compared with other run-off
from the ACT (4 GL relative to a total of about 400 GL). However, on the rare occasiextsevhe water stress it is possible that stormwater withheld
by urban ponds could influence whether or not environmental thresholds are met. Furthen resesaded to better understand hydrological and
topological connectivity of ponds and drainage patterns. Clusters of ponds that occur oretbesamiine have been identified and this has been
taken into account in the Stage 1 report reliability measures. Additional conceaisoat the seasonal availability of water, the exposure of mud flats

and the downstream water quality effects to the Murrumbidgee River.

Table 54: Environmental risk, Scenario 1 — background scenario based on Stage 1 report

Issue Cause Consequence Likelihood ontrol consider ations Risk
Estimate
Local habitat Construction of pond, Moderate — loss or Possible, depends on | Planning, design of pond, construction Moderate
change altered stream flow, reduction of local climate conditions methods, monitoring and enforcement of
increased drawdown, biodiversity drawdown regulations, controlled access
flooding, tourism and to sensitive areas. Particular risk due to
human activity extended drawdown on existing ponds
Water quality Proximity to roads and Negligible — loss or Unlikely new ponds Planning, pond location, farming Low
affects farmland, run-off, reduction of local generally improve practice, education, monitoring and
ecosystem pollutants, blue-green biodiversity environmental flows enforcing existing pond controls
algaefertilisers, silt, etc. and conditions
Environmental Altered stream flow, Negligible — Possible — urban Planning, design of pond, construction Low
Flows increased drawdown exacerbates effect of | flows are relatively methods, monitoring and enforcement of
critical periods for small drawdown regulations particularly in
Murrumbidgee flow summer months
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Table 55: Environmental risk, Scenario 2 — extreme rain event

Issue Cause Consequence Likelihood Qontrol consider ations Risk
Estimate
Local habitat Altered stream flow, | Minor loss or reduction of local Unlikely Planning, design of pond, construction Low
change flooding, erosion biodiversity methods, spillways and weirs that
mitigates fast moving flows
Water quality Proximity to roads Minor effects for existing lakes. Possible Planning, pond location, farming Low
affects and farmland, run- Negligible for new ponds practice, education, monitoring and
ecosystem off, fertilisers, flood enforcing, New ponds improve
water quality environmental flows and existing ponds
have controls
Environmental Altered stream flow, | Negligible effect on critical periods | N/A — Urban Planning, design of pond, construction N/A
flows flooding in Murrumbidgee flow, new ponds | run-off methods, urban run-off flows are
generally improve environmental relatively small | relatively small, controlled access to
flows and conditions sensitive areas

Table 56: Environmental risk, Scenario 3 — prolonged dry

Issue Cause Consequence Likelihood Qontrol consider ations Risk
Estimate
Local habitat Occasional dry is a Moderate — long-term Possible Design of pond gradient, construction Moderate
change positive; repeated dry loss or reduction of local | depends on methods, monitoring and enforcement of
periods of >50 days biodiversity climate drawdown regulations
can be a negative conditions
Water quality Proximity to roads, Moderate — loss or Unlikely Planning, pond location, farming practice, Low
affects farmland, pollutants, reduction of local education, monitoring and enforcing
ecosystem blue-green algae biodiversity regulations, new ponds improve quality of
environmental flows and existing ponds have
existing controls
Environmental Altered stream flow, Moderate — exacerbates | Unlikely — urban | Planning, monitoring and enforcement of Low
flows increased drawdown effect of critical periods run-off drawdown regulations
for irrigation in Murrumbidgee flow relatively small
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11.9 System Considerations

The risk assessment presented here fundamentally assumdkttieabptions in the master plan will
be constructed and put into operatiaa one systemWhile there are some data pertaining to
particular risks for particular option, most information supplied irs ti@port is to be used for
estimating risk for the portfolio of options in the master plan.

Table 57: Ponds clusters and their impact on local networks and the Murrumbidgee River'

Supply Name Type Cluster Consequence

B14 Stormwater M New impact on Murrumbidgee
Ginninderra Existing G, M Lower inflow

Gungahlin Pond Existing G Affects Lake Ginninderra inflow

Nichols Pond Existing G Affects Lake Ginninderra inflow

Yerrabi Pond Existing G Affects Lake Ginninderra inflow

B28 Stormwater M New impact on Murrumbidgee

Dunlop Pond 1 Existing M

Dunlop Pond 2 Existing M

Point Hut Pond Existing M

Upper Stranger Pond | Existing M

WC14-15 Stormwater M New impact on Murrumbidgee

West Belconnen Pond | Existing M

David St Wetland Existing N Lower flow to Murrumbidgee and Molonglo Rivers
G23 Pond-ASTR N New impact on Murrumbidgee and Molonglo Rivers
NC18 Pond-ASTR N New impact on Murrumbidgee and Molonglo Rivers
NC9-11 Pond-ASTR N New impact on Murrumbidgee and Molonglo Rivers
Isabella Pond Existing M

T2 Stormwater M New impact on Murrumbidgee and Tuggeranong
T3 Stormwater M New impact on Murrumbidgee and Tuggeranong
T4 Stormwater M New impact on Murrumbidgee and Tuggeranong
Tuggeranong Existing M Lower inflow

WO Pond-ASTR | W,M New impact on Murrumbidgee

W19 Stormwater W,M New impact on Murrumbidgee

W2 Pond-ASTR | W,M New impact on Murrumbidgee

W27 Stormwater W,M New impact on Murrumbidgee

WCO Pond-ASTR | WC,M New impact on Murrumbidgee

WC19 Stormwater | WC,M New impact on Murrumbidgee

WC4 Stormwater | WC,M New impact on Murrumbidgee

Note: 'M" indicates that the pond interrupts a flow to the Murrumbidgee; W = Woden, WC = Weston
Creek, T = Tuggeranong, N = North Canberra, G = Ginninderra; 1: We have not considered the effects of
new ponds on Lake Burley Griffin.

If all ponds are not constructed or harvesting regimes implemented theartteBange risks in subtle
but important ways. For example, where several ponds are planned to connect on onestfiedieni
to Figure 14 and Table 57 below), downstream ponds may be more vulrteribteling if upstream
ponds have not been constructed. Conversely some ponds may be able tonsupplyater more
reliably for the very same reasons. The changes to the argtiptteam flow due to absent ponds
may also jeopardise the beneficial effects for local ecology.
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One of the messages from the focus groups was that stormwatergbamelsire not enough: how one
pond fits into a bigger system needs to be considered (Chapter 9.8)isail lightly coupled to a
high level systemic risk associated with relieving water scabgitgugmenting water supplies.

If more water is made available, users may see thisadiletiy and not practice demand management.
This can place pressure on existing ponds and accelerate the develgpmew supply options.
Following the next generation of ponds, consumers may again become camh@hout water
security and drive another repeating and escalating cycle of sapgiyentation. To mitigate this
high level systemic risk, demand management and education a@ftanggnust coincide with the
construction of stormwater capture options.

The impact of demand management on supply security was not meastinég study .We need to
understand the growth, variation and uncertainties in demand. Controllimganibring demand is
likely to be a critical component of the system to reduce risks of failure.

There is a possibility that, given rising costs of water, lordy@eughts, less rainfall and higher
temperatures, additional users might seek to extract watertfimmponds — either legally or illegally.
With several ponds and lakes having multiple demand centres shive possibility of a ‘tragedy of
the commons' dynamic. If there is only a weak regulation on extnaictdividuals may act to their
own best advantage and irrigate even when the supply option isedtrasd cannot support this
action if taken by all demand centres. Preventative measeugesnfonitoring, fines) can be used to
reduce this risk and are in place for existing ponds used fortioigaAs yet, the EPA has had no
cause to 'lock the pumps' for any property but more stressful droughtiaosditay bring about more
illicit extractions.

11.10 Discussion

The risks that have been considered in this report are theofiskgply failure, the risk of adverse
ecological impact and risk to public health. Detailed evaluation of these ephises knowledge of:

1. site-specific data for the individual ponds that make up the scliecheding details of pond
design, hydrogeological data and location and access and

2. the interrelationships between ponds, infrastructure and the environoreat domplete
scheme.

This information is not available at present, and the risk assessindertaken in this section is, of
necessity, generic.

This risk assessment studies the impact of extreme eventse iform of prolonged drought and
intense storms, and provides guidance on risk issues that should be cdrisédere introducing new
ponds or lakes; or extending existing ponds and lakes. Table 48 to Tablglité the potential

magnitude of risks that might be expected, and provide details on sottiadl are important to
keeping those risks within acceptable levels.

Nearly all the risks that were assessed have been evhhmtew. A 'low' risk may be one that has a
small impact but a high likelihood of happening, for example, mosquito pegtd happen every
year but with only minimal consequences. Low risk may also béeddo events that have a greater
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consequence but which are rare (e.g. prolonged dry periods that happen twice ar every 100
years). Results should be treated with caution. Data were laedita some analyses, but in several
instances we have just used our best judgement.

Most risks were evaluated as low. However the following are the riskaéhnatrated as moderate:

1. The risk to water supply security of harvesting options due toaimbioation of inter-annual
and seasonal variation and over extraction, particularly for fivigan the summer months
when monthly reliability may be less than 95%. This risk is @mitd by controls (used by the
EPA) on extraction limits and rates.

2. The ecological risk for existing lakes due to extended drawdown irbination with
prolonged dry periods. Continuous dry periods of, for example, 50 or 100 days can be a
positive for shoreline biota unless they recur with a frequency of three yeaoseorThis is a
risk for several existing ponds and lakes and it may be exacerbated by clinmge.cha

The hydrological model assumed a certain shape to the lakes and pwmndsdeel in this scheme.
Where this differs from reality it may be expected that different outcomgsnsue. For example the
allowed draw down of 1 m in Lake Ginninderra may expose shallow eré¢las south-eastern part of
the lake with localised ecological and economic consequences. Dredging and bdspoasagement

of harvesting alleviates the impact of this risk though they may represepdate economic cost.

The ecological environment of urban areas in the ACT is alreadydisturbed state and the addition
of artificial ponds poses the least risk and, in fact, is likelyoe beneficial to the variability and
quality of environmental flows.

The quantity of water affected by new ponds and extra drawdown is also urtikelye a significant
impact on the flows to the Murrumbidgee River. Nevertheless, £1eBL may be important at times
of extreme water stress when there are few or no environmental flows.

Of lesser concern was the risk that the ponds pose to public hedltatety. This is not because of
the consequences but the likelihood of occurrence given preventatgen®e and policies already in
place. With appropriate warning signs, separate infrastructuredbleatater supply, and education,
the risk of drowning or accidental ingestion is low. With pond desigasiave a high throughput

and appropriate design the small risk of vector borne diseals® isesduced. Beyond the timescale of
this study, the effects of climate change present a generabs® in the risk of mosquito-borne
disease throughout the ACT. It is unclear whether ponds will exacerbate thi®situati

This report provides guidance on risk issues that should be considefere Bey new ponds are
introduced, or existing lakes or ponds are extended, a detailed engineedia and economic risk
assessment should be conducted that takes account of local, sitie-sjzeaias well as a complete
systemic view.
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12 CONCLUSIONS

The prime objective of this study was to assess the feagibiléaving 3 GL/yr of potable water by
2015, mainly by using stormwater as a potential source of waterstlilg has investigated a large
number of possible options and developed three portfolios of stormwategstiagyv with least
infrastructure costs to achieve this target. They were nambthster Plans A, B and C (see Chapter
7).

Master Plan A was developed first. Since it was considerédeagreferred portfolio of stormwater
harvesting, TBL performance assessment was undertaken fopl#ims(results are presented in
Chapters 8 to 11).

However, on completion of the TBL performance assessment, new inifommoa potential end users

was emerged. This included significant changes to some potentiabersl For example, many end
users considered in developing Master Plan A, were found to be nmeinikyotable water supplies

such as Lake Burley Griffin, groundwater or the proposed effluenseeschemes. Emergence of
changes to the potential end users had meant that Master Plas #ouenger valid. Hence, Master
Plans B and C were developed using the new information on end users.

Master Plan B supersedes Master Plan A. Both Master Plamsl 8 include stormwater harvesting
schemes with at least 95% volumetric supply reliability. IMaster Plan B, Master Plan C uses new
information on end users, but includes stormwater harvesting schethest east 85% volumetric
supply reliability. Due to limitations in availability of timend resources, further analysis of TBL
performance assessment of Master Plans B and C could not be uenle@akpters 8 to 11 can be
used to gauge these impacts related to the new master plansehoagton should be used because
factors that will influence these impacts such as drawdownsleggehd volumes and demands placed
upon the ponds have changed (particularly ecological impacts).

The study informs decision makers of the impacts and benefiterofivgater harvesting in terms of
likely financial costs, ecological impacts, social attitudéskeholder views and risks. Comparing
stormwater with other forms of supply is considered to be beyond dbe &f this study. Hence this
reportdoes not comparestormwater harvesting to other forms of supply such as recyolirsyrface
water and groundwater sources. In addition, this redods not rank potential stormwater
harvesting schemes included in an individual masteplan. This is simply due to hydrological and
ecological interactions of schemes (i.e. one scheme can influene@bility of another) included in
a master plan.

12.1 Financial Cost

Total present value cost of Master Plan B (or the portfolith att least 95% supply reliability) is
$177M — comprising $141M capital, $33M operation and maintenance, and $3M replacests.
The collective average annual supply of harvesting options includégsimaster plan is 3.3 GL/yr,
which equates to a levelised cost of $3.67 per kL.

Total present value cost of Master Plan C (or the portfolib aitleast 85% supply reliability) is
$150M — comprising $120M capital, $27M operation and maintenance, and $3M replacests.
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The collective average annual supply of harvesting options includégsimaster plan is 3.5 GL/yr,
which equates to a levelised cost of $2.94 per kL. The 85% reliaiidisger plan (i.e. Master Plan C)
was cheaper because the required pond volume is much less comparedtolpoed of the 95%

reliability master plan (i.e. Master Plan B).

These financial cost figures include construction costs for new pondsadd-on costs for
contingency, administration, procurement, insurance, site investigatindsgonsultant design and
supervision. The levelised cost of harvesting without pond constructids, ¢os 95% and 85%
reliability cases (i.e. Master Plans B and C) are $1.70 /kL and $1.61 /KL rgspecti

12.2 Ecological Impact

The ecological analysis flagged potential risks and benefits from stoemiat/esting including:
* changed flow patterns (particularly reduced low flows during summer)
e changed flow volumes to downstream waterways
* changed nutrient loads
« altered phytoplankton and macro invertebrate levels and
e impact on species diversity upon the shore line of ponds due to the changing water levels.

Each of these risks and benefits were quantified using availglleological data; however, a
meaningful single measure of ecological impact was not possibleodaguatic vegetation diversity
and health being influenced by complex interactions between each afltbesi It was also difficult

to measure relative ecological impact between the indices tfeegrelative impact of increased
phytoplankton risk versus reduced nutrient load).

The ecological analysis demonstrated that new ponds are likesdtwe nutrient load and have
generally low phytoplankton levels, but have limited impact on p&aksfand be damaging to
macroinvertebrate communities immediately downstream. Phytoplatdaels are likely to be low
because turnover times are likely to be high for new ponds astbajesigned for minimal volume
(to reduce cost) where there are proportionally high inflows (flisbie supply). Nutrient loads
would also be reduced; however this is largely due to harvestimgr than treatment by the pond (as
the pond has a low turnover time). Peak flows would be minimally ategain significant storms
(roughly >1 in 3 month ARI), because the volume of the pond is small catiyeato the catchment
size. The new ponds would be detrimental for macroinvertebrate conmesummmediately
downstream because low flows would be significantly reduced, especially duringgsumm

Introducing harvesting to existing ponds has less potential for adeeosegical impact as summer
low flows are already retarded and prevented from flowing dowmstrgefact, harvesting is likely to

increase aguatic vegetation diversity on the pond shore, as cuatantlevels tend to be constant,
preventing some species establishing. Introducing harvesting daosessed water level variation,
and provided this does not become too extreme, leads to increased aquatic vegetadion diver
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Implementation of harvesting options identified in Master Plan A evoetuce discharges to the
Murrumbidgee River by up to 5.0 GL/yr. This is a worst case sicewaich represents the 4.4 GL/yr
harvested volume plus additional losses due to evaporation from the péamkesutt is likely that
reductions in flow will be much less or neutral as stormwaterelséing will reduce demand on the
Cotter, Bendora, Corin and Googong dams, which would most likely resuiihcheases in
environmental flows. Regardless, analysis of a 5.0 GL/yr reduaticiiows has shown minimal
changes in flows patterns in the Murrumbidgee and Molonglo Rivers.

12.3 Social Attitudes

Social analysis indicated the value of stormwater harvestiegisné be considered beyond its
instrumental resource value. Aesthetic appearance and potentiagcimation are regarded as
prominent amenity values of stormwater harvesting. A stormwailection pond is seen as an
attractive landscape and a place to walk and relax if designed well or anvafeysisore if designed

badly. There is a strong preference for ‘natural’ looking stormwater tolemeasures. For example,
a wetland with reeds and other vegetation along with rocks fisrpbde to a simple pond made out of
concrete. Moreover, a natural looking pond is also regarded asuaefélaat has high potential to

enhance aesthetic and recreational values and ecological benefits.

Another important discovery from the social analysis is thatethsra strong preference for
considering school grounds and sports grounds as high priority users oftbdrgormwater,
especially during time of water shortages. Golf courses, remtlgatdens and public parks have not
been considered as high priority users of harvested stormwater, during timemnskhatages, but are
considered as appropriate users of harvested stormwater in all other times.

Multi-criteria assessment explored decision criteria to be fmsesssessing the impact of stormwater
harvesting in social, environmental and economic dimensions and stakepi@térences on each
criterion. Outcomes of the MCA revealed 38% weight to economicdtepd7% weight to social
impacts and 15% weight to environmental impacts, indicating thatenACT, there is a strong
preference for considering impacts of stormwater harvestingcialsand economic dimensions than
the impacts upon the environmental dimension.

12.4 Risk Assessment

The study included a preliminary assessment of risks assoeidtedtormwater harvesting. Key
areas of risk considered in the study were:

e supply security risk associated with 95% volumetric reliability

* public health and safety risks associated with drowning and othezdrate hazards such as
drinking of stormwater and mosquito breeding and

« environmental risks such as possibility of algal blooms and changes to flow habitats

Nearly all risks that were assessed have been evaluated,asith the exception of the following
risks rated as moderate:
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The risk to reliability of stormwater supply due to the combinatibrinter-annual and
seasonal variation and over extraction, particularly for irmgain the summer months when
monthly reliability may be less than 95%. This risk can be atitig) by controls (used by the
EPA) on extraction limits and rates.

The ecological risk for existing lakes due to extended drawdown irbination with
prolonged dry periods. Continuous dry periods of, for example, 50 or 100 days can be a
positive for shoreline biota unless they recur with a frequency of three yeatsenrTrhis is a

risk for several existing ponds and lakes and it may be exacerbated by clinmge.cha
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13 RECOMMENDATIONS

A decision maker using this report is only presented with the optiboilafing the entire master plan
(either 85% or 95% reliability) or not proceeding with stormwatewdwing at all. Developing a
range of portfolios will provide decision makers with choice andl mvdst likely lead to improved
outcomes. This report does not provide guidance on ranking of the indiviptiahs that comprise
the master plan. Availability of time and resources has beehkeydactor in this study for not
following the TBL performance assessment of multiple portfolio approach.

The master plans presented in this report is a least-costveiter harvesting plan. The plan is
‘optimal’ in terms of financial cost, but does not consider any atletsré such as social acceptance,
nutrient load reduction and habitat creation. Such factors are usedasummgerformance of the

master plan (see the TBL analysis in Chapter 10) howeverattgepot used to develop the master
plan.

13.1 Alternative Approaches

In order to incorporate factors other than cost into developing a stwemivarvesting plan, it is
suggested alternative approaches are taken to develop new 'plasge or alternative portfolios of
stormwater harvesting. These portfolios could then be compared to thaiperdeveloped in this
study, perhaps using the TBL approach as per this study (Chapter 10) or cost—bensi# analy

Possible approaches for developing alternative portfolios include:

« using the rate of nutrient removal as the criterion for idengf\astormwater supply—demand
options — instead of using least cost as in this study, best optionsbeoidlentified based on
the rate of nutrient removal

« least-cost and 95% reliability with revised harvesting taigaly 1 GL/yr) — the same
approach as this study, however a revised annual target could be adopted

e catchment-by-catchment comparison of options containing multiple ponds —wbhisl
involve comparing options that contain multiple ponds rather than indivighrads. Each
catchment would be assessed and a series of options developed foatthatent. For
example, in Sullivans Creek catchment, a series of options involaigus combinations of
supplies and demands would be developed (e.g. Option A: NC18, G23, NC9-11; Qption B
David St Wetland, NC18 . . . . Option F: G23, NC14, NC9-11 etc.). Such an eppvoald
remove the problem of interactions between options which occurs whemduadiponds are
compared. Each option could be compared by TBL/CBA using appropriataacfitest,
nutrient removal, social acceptance, etc.). The best performing apbioid be selected for
each catchment until a master plan covering all of Canberra is developed.

These approaches are merely suggestions and there are manyassitglities for developing
alternative portfolios. The catchment-by-catchment approach has treditbef accounting for
hydrologic and ecological connectivity. Developing a range of portfdib@wvs comparison of
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performance (by using a suitable assessment method such as TBIAprwhich will assist decision
makers to reduce subjectivity of decisions.

13.2 Future Analyses

To further improve knowledge of water harvesting opportunities, furtpimise stormwater
harvesting planning and reduce objectivity in decision making, the following asasssuggested:

i. Develop alternative portfolios as discussed above and assessna@rderof them using TBL
or CBA.

ii.  Trial projects for MAR including:
0 sportsground aquifers
o0 local aquifers using fractured rock.

If these trials prove successful, a further trial of local fagsiin alluvial soils could be
conducted, as could an investigation into the science / risks ofigta@claimed water in
aquifers.

Such work is necessary to improve knowledge in this area. Thiscptms been constrained
by high uncertainty surrounding aquifer calculations (such as recafécyency, cost,
extraction and injection rates).

ili. Engage hydrogeological experts to further investigate regionaleaciorage, transfer and
recovery.

iv.  Coordinate the recycled water strategy (as per ActewAGL 20d8) the stormwater
harvesting strategy.

v.  Discuss the possibility of using mains water to back-up stormateesting schemes with
ActewAGL-supplied water. Such discussions will need to consider tiefibef significantly
reducing the required stormwater pond volume (and hence cost) witbghef reducing the
reliability of the mains system.

vi. Investigate retro-fitting catchments with WSUD measueeg. (rainwater tanks, swales). Is
this necessary if stormwater harvesting is implemented? Wsudld measures reduce flows
into stormwater ponds?

Completing any or all of these recommendations allows for moreniefbrdecisions regarding
stormwater harvesting (and wastewater recycling) in Canberra.

13.3 HydroPlanner Development

Further analysis of the system-wide impact of stormwaterekting (i.e. on the reservoir supply
system, environmental flows and flows in downstream waterwags)dnalso be valuable. To this
end:
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A CSIRO report will follow this study regarding application and elegment of the
HydroPlanner software for the ACT. HydroPlanner is a whole-of-urbatervsystem water
quantity and quality model, initiated as part Water for a Hedlthyntry National Research
Flagship Program. The CSIRO report will outline preliminaryitesson system-wide flow
implications; however the report will serve more as an assessmeansilffiliey for total water
cycle modelling for the ACT rather than presentation of outcomesrépuwet will illustrate
importance of undertaking total water cycle modelling to assetem-wide implications of
stormwater harvesting.

Full scale development of HydroPlanner is in progress in collabarafiith the eWater CRC.
Application of the full scale HydroPlanner has just begun as pastiMater CRC's ACT
Focus Catchment study, which builds on the HydroPlanner applicationeditiatpart of this
study. A full application of Hydro Planner requires substantial contributions from lemuh
agencies in the ACT (e.g. ACTEW, ActewAGL, ACT EPA and ACTPLA).
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APPENDIX A DEMANDS USED FOR DEVELOPING MASTER PLAN A

Combined
Individual Combined Demand Suggested Supply
Designation Individual End uses Jection Block Demand (ha) | Demand (ha) (MLYy) Source Possible Supply Source
BELCONNEN
Dunlop Pond 1, Dunlop
Fraser Fraser Neighbourhood Oval 40 1 1.3 1.9 12.1 | West Belconnen Pond | Pond 2
Fraser Primary School 40 2 0.6
Charnwood Neighbourhood Dunlop Pond 1, Dunlop
Charnwood 1 Oval 118 2 1.1 2.8 17.9 | West Belconnen Pond | Pond 2
Charnwood Primary School 93 1 1.7
Dunlop Pond 1,
Charnwood District Playing Dunlop Pond 2, West
Charnwood 2 Fields 112 14 8.5 10.5 66.8 | Belconnen Pond
St Thomas Aquinas Primary
School 97 14 2
Macgregor Neighbourhood
Macgregor Oval 58 11 1.7 3.1 19.7 | B28 Lake Ginninderra
Macgregor Primary School 81 3 1.4
Magpies Belconnen Golf Lake Ginninderra; possible
Magpies Belconnen Club 99 11-Dec 52.2 52.2 3315 | - sewer mining scheme?
Holt Holt Neighbourhood Oval 13 1 1.5 1.5 9.5 | B28 Lake Ginninderra
Kippax District Playing
Kippax Fields 50/51 51-53/47 14.1 17.4 110.5 | Lake Ginninderra B24
West Belconnen Regional
School 48 1 2
Cranleigh School 49 1 1.3
Higgins Higgins Neighbourhood Oval 10 19 2.4 2.4 15.2 | Lake Ginninderra B24
Latham Latham Neighbourhood Oval 29 5 3.1 4 25.4 | Lake Ginninderra B14
Latham Primary School 30 2 0.9
St John the Apostle Primary
Florey 1 School 12 1 0.7 1.9 12.3 | B14 Lake Ginninderra
St Francis Xavier College 1 1 1.2
Florey 2 Florey Neighbourhood Oval 143 32 1.7 2 12.8 | Lake Ginninderra B14; B37
Florey Primary School 143 31 0.3
Page Page Neighbourhood Oval 1 5 1.9 1.9 12.1 | Lake Ginninderra B14
Scullin Scullin Neighbourhood Oval 15 5 3.2 5.1 32.4 | Lake Ginninderra B14
Southern Cross Primary
School 13 1 1.9
Flynn George Simpson Park 18 6 2.2 2.2 14 | Lake Ginninderra B14; B37
Spence Spence Neighbourhood Oval 21 1 3.1 3.1 19.7 | Lake Ginninderra
Melba 1 Copland College 25 1 0.1 5.5 34.9 | Lake Ginninderra B37
Melba Neighbourhood Oval 61 1 2
Mt Rogers Community
School 44 1 3.4
Melba 2 Melba District Playing Fields 26 5 4.6 9.2 58.4 | Lake Ginninderra B37
Melba High School 27 1 4.6
Evatt 1 Evatt Neighbourhood Oval 12 1 2.1 3.6 22.9 | Lake Ginninderra B2
Evatt Primary School 11 1 1.5
Miles Franklin Primary
Evatt 2 School 82 1 1.5 3 18.9 | Lake Ginninderra B37
St Monicas Primary School 86 5 0.4
South West Evatt Oval 89 3 1.1
McKellar Belconnen Soccer Club 71 14 0.9 3 19 | Lake Ginninderra B2
McKellar Neighbourhood
Oval 53 2 2.1
Giralang District Playing
Giralang Fields 85 19 6.8 7.9 50.2 | Lake Ginninderra B2
Giralang Primary School 80 4 1.1
Hawker Belconnen Bowling Club 3 1 0.4 13.8 87.3 | Lake Ginninderra
Belconnen High School 5 1 3.3
Hawker College 2 1 0.3
Hawker District Playing
Fields 3 11-Dec 8.7
Hawker Enclosed Oval 38 20 1
Weetangera Neighbourhood
Weetangera Oval 20 3 2.6 4.5 28.6 | Lake Ginninderra
Weetangera Primary School 20 5 1.9
Macquarie Neighbourhood
Macquarie Oval 19 24 2.6 4.1 26 | Lake Ginninderra B3
Macquarie Primary School 18 2 1.5
Macquarie/Belconnen Benjamin Way - - 2.6 8.9 56.8 | Lake Ginninderra B3
Canberra High School 52 5 2.7
Eastern Valley Oval 150 2 1.6
Jamison Enclosed Oval 54 1 2
Belconnen 1 Emu Bank Park 149 14 1.4 2.8 17.8 | Lake Ginninderra
Margaret Timpson Park 54 42 1.4
Belconnen 2 John Knight Memorial Park 65 33 3.5 3.5 22.2 | Lake Ginninderra
Belconnen 3 Diddams Close Park 159 1 1.6 1.6 10.2 | Lake Ginninderra
Cook Cook Neighbourhood Oval 13 12 2.1 2.1 13.3 | Lake Ginninderra B3
Aranda District Playing
Aranda Fields 1 24 8.4 9.1 57.6 | Lake Ginninderra B3
Aranda Primary School 1 2 0.7
AIS Multi-Purpose Playing
AlS Fields 8 37 1.7 5.6 35.2 | Lake Ginninderra Bl
AlS Soccer Fields 8 37 1.8
AIS Track and Field Facility 8 26 1
Canberra Stadium 8 26 1.1
Bruce ActewAGL Park 9 4 1.4 5.6 35.6 | Lake Ginninderra B3; B1
Radford College 4 9 4.2
University of Canberra University of Canberra 3 1 4.5 4.5 28.6 | Lake Ginninderra B3; B1
Kaleen 1 Kaleen South Oval 149 9 3 3.8 24.1 | Lake Ginninderra Bl
Maribyrnong Primary School 120 1 0.8
Kaleen District Playing
Kaleen 2 Fields 117 26 7.4 12.4 78.7 | Lake Ginninderra Bl
Kaleen Enclosed Oval 117 25 3.2
Kaleen High School 101 1 1.8
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Combined
Individual Combined Demand Suggested Supply
Designation Individual End uses Jection Block Demand (ha) | Demand (ha) (ML/y) Source Possible Supply Source
Kaleen 3 Kaleen North Oval 76 4 3.2 5 31.8 | Lake Ginninderra B1; B2
Kaleen Primary School 45 1 0.9
St Michaels Primary School 60 1 0.9
TOTAL 229 229 1474.3
GUNGAHLIN
*Crace *Crace Miscellaneous 0 588 5 5 31.8 | Gungahlin Pond Lake Ginniderra; B2
2/14/11/21- Nichols Pond;
Gold Creek Gold Creek Country Club 85/86/88/89 | 22 45 45 285.8 | Gungahlin Pond
Nicholls Gold Creek School (Senior) 78 11 0.6 6.6 41.9 | Gungahlin Pond Nichols Pond; Yerrabi Pond
Nicholls Neighbourhood
Oval 73 3 2
The Perce Douglas
Memorial Playing Fields 78 8 4
Ngunnawal Neighbourhood
Ngunnawal Oval 134 75 2 2.2 14 | Gungahlin Pond Yerrabi Pond
Ngunnawal Primary School 134 74 0.2
Amaroo District Playing
Amaroo Fields 109 1 7 9.1 57.8 | Yerrabi Pond Gungahlin Pond
Amaroo School 93 3 2.1
Yerrabi Pond;
Gungahlin Lakes Gungahlin Lakes Golf Club 177/84 1/02/2001 45 45 285.8 | Gungahlin Pond Nichols Pond
Gungahlin Burgmann Anglican School 20 1-Feb 2.5 2.5 15.6 | Gungahlin Pond Yerrabi Pond
Palmerston District Primary
Palmerston School 154 12 0.1 2.5 15.9 | Gungahlin Pond Yerrabi Pond
Palmerston Neighbourhood
Oval 154 7 2.4
*Throsby *Throsby Sportsgrounds 0 718 8 8 50.8 | Yerrabi Pond G25; G23
*Harrison *Harrison Sportsgrounds 2 Nov-13 7 7 445 | G23 G25
Gungahlin Cemetery Gungahlin Cemetery 39 5 15 15 95.3 | NC18 G23
Belconnen Dog Obedience
Mitchell Club 0 601 0.9 38.7 245.5 | NC18 (partial) G23
Canberra Harness Racing
Club Training Track 0 765 1.3
Capital Linen Service 16 1 36.5
TOTAL 186.5 186.5 1184.4
NORTH CANBERRA
Thoroughbred Park -
Lyneham 1 Canberra Racing Club 69 9 6.4 6.4 40.6 | NC18
Canberra Harness Racing
EPIC Club Racing Track 72 5 1.4 6.1 38.5 | NC18 G23
Exhibition Park in Canberra
(EPIC) 72 5 4.4
ACT Canine Association 0 466 0.3
Lyneham 2 Yowani Country Club 67 4 50 50 3175 | - NC18
Lyneham 3 National Hockey Centre 59 42 1.8 11.5 72.9 | - NC18; NC12a
Tennis ACT 64 6 0.7
Southwell Park
Sportsgrounds 59 38 9
Lyneham 4 Lyneham High School 47 2 2.7 4.1 26 | NC9-11 NC13; NC12
Lyneham Neighbourhood
Oval 41 19 1.2
Lyneham Primary School 41 18 0.2
Dickson Daramalan College 34 1 14 2.1 13.6 | - NC9-11; NC14
Majura Tennis Centre 72 17 0.7
Dickson/Ainslie Emmaus Christian School 17 4 1 2.3 14.3 NC14; NC9-11
North Ainslie Primary School 43 1 1.3
Downer Downer Neighbourhood Oval 73 2 3.4 3.4 21.6 NC14
Watson/Dickson Dickson College 76 1 0.2 10.1 63.9 NC14
Dickson District Playing
Fields 76 4 8.8
Rosary Primary School 49 3 1.1
Hackett Hackett Neighbourhood Oval 12 15 2.3 2.3 14.6 NC14
Watson Majura Primary School 31 15 0.7 1.8 11.4 NC18; NC14
Watson Neighbourhood
Oval 21 8 1.1
Ainslie Ainslie Football Park 26 19 1.9 6.5 41.3 NC9-11; Lake Burley Griffin
Majura Enclosed Oval 38 5 1.6
Majura Oval 38 2 2.5
Northbourne Avenue 26 4 0.5
O'Connor Co-operative David St Wetland,;
O'Connor/Turner School 89 4 0.3 9.4 59.4 | NC9-11 NC7A; Lake Burley Griffin
O'Connor Enclosed Oval 39 4 1.7
O'Connor District Playing
Fields 39 4 4.3
St Joseph's Primary School 78 1 0.8
Turner Primary School 67 16 2.3
NC4; NC8; Lake
Ginninderra; Lake Burley
O'Connor Black Mountain School 84 55 0.1 0.1 0.6 Griffin
Ainslie/Braddon Corroboree Park 79 3 2.7 3.7 23.4 NC6; Lake Burley Griffin
Merici College 11 1 1
Braddon Ainslie Primary School 31 1 3 5.3 33.4 NC6; Lake Burley Griffin
Braddon Tennis Club 24 15 0.3
Canberra City Bowling Club 25 16 0.4
Northbourne Oval 30 6 1.6
NC2; NC3: NC4; NC5; Lake
Turner/ANU ANU North Oval 25 1 2 2.5 16 Burley Griffin
ANU Willows Oval 63 1 0.1
Canberra North Bowling
Club 66 2 0.4
Australian National Botanic
ANBG Gardens 0 861 40 40 254 Lake Burley Griffin
ANU ANU Fellows Oval 39 1 0.1 2.1 13.3 Lake Burley Griffin
ANU South Oval 39 1 2
Acton Acton Park (Ferry Terminal) 33 22 0.2 0.2 1.3 Lake Burley Griffin
City Glebe Park 65 2 0.1 0.1 0.6 Lake Burley Griffin
Campbell/Reid Australian War Memorial 39 1 4.2 10.3 65.4 Lake Burley Griffin
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Combined
Individual Combined Demand Suggested Supply
Designation Individual End uses Jection Block Demand (ha) | Demand (ha) (ML/y) Source Possible Supply Source
Campbell High School 38 2 2.2
Reid Oval 39 5 3.9
Campbell Neighbourhood
Campbell Oval 29 4 1 3.9 24.8 Lake Burley Griffin
Campbell Primary School 29 3 2.9
ADFA ADFA Ovals Nos. 1 & 2 64 1 4.7 21.7 137.8 Lake Burley Griffin
ADFA Ovals Nos. 3-6 0 550 14.8
ADFA Parade Ground 64 1 2.2
RMC 1 RMC Golf Club 120 3 23.7 42.3 268.6 Lake Burley Griffin
RMC Playing Fields 120 3 18.6
TOTAL 248 248 1574.9
MAJURA
RMC 2 RMC No. 1 Sports Oval 6 2 1.9 1.9 12.1 Lake Burley Griffin
Pialligo Pialligo Nurseries 2 4-31 ? ? ? Lake Burley Griffin
TUGGERANONG
Tuggeranong Vikings BMX
Kambah 1 Club 199 5 0.02 0.02 0.2 | - Lake Tuggeranong; T1
Kambah District Playing
Kambah 2 Fields (1) 115 12 8.5 8.5 54 | Lake Tuggeranong T1
Kambah District Playing
Kambah 3 Fields (3) 353 10 7.4 8.1 51.4 | Lake Tuggeranong T1
Taylor Primary School 353 1 0.7 Lake Tuggeranong T1
Murrumbidgee Murrumbidgee Country Club 7 16 45 45 285.8 | Lake Tuggeranong
Kambah District Playing
Kambah 4 Fields (2) 286 30 12 14 88.9 | Lake Tuggeranong T1
Kambah Park Fitness Track 286 26 1.2
Urambi Primary School 239 1 0.8
Wanniassa District Playing
Wanniassa 1 Fields 140 1 2.9 10.2 64.8 | Lake Tuggeranong
Wanniassa North Playing
Fields 202 5 3.8
Wanniassa School Junior
Campus 142 1 0.8
Wanniassa School Senior
Campus 141 1 2.7
Wanniassa Hills Primary
Wanniassa 2 School 253 1 1.7 1.7 10.8 | Lake Tuggeranong
Wanniassa 3 Erindale College 180 8 0.9 6.8 43.4 | Lake Tuggeranong Isabella Pond
Mackillop Catholic College -
Wanniassa 125 8 2.3
Vikings Park 126 16 3.6
Wanniassa 4 Trinity Christian School 117 5 1 1 6.4 | Isabella Pond Lake Tuggeranong
Monash Neighbourhood Tuggeranong Weir; Lake
Monash Oval 171 1 1.4 1.9 11.7 | Isabella Pond Tuggeranong
Monash Primary School 171 1 0.5
Fadden Neighbourhood
Fadden Oval/Primary School 335 1 2.3 2.3 14.6 | - T2; Lake Tuggeranong
Gowrie District Playing
Gowrie Fields 228 12 5.5 8.1 51.4 | T2 Isabella Pond
Gowrie Primary School 229 3 1.1
Holy Family Primary School 226 15 15
Chisholm District Playing
Fadden/Chisholm Fields 575 15 6 8.1 51.4 | - T2; Isabella Pond
Fadden Pines District Park 353 11 2.1
Caroline Chisholm High
Chisholm School 567 2 0.9 2.8 175 | - T2; T4; Isabella Pond
Chisholm Neighbourhood
Oval 549 1 1.3
Chisholm Primary School 550 1 0.6
Gilmore Neighbourhood
Gilmore Oval 58 6 1.6 1.9 11.7 | - T2, T4, T3
Gilmore Primary School 58 7 0.3
Greenway 1 Tuggeranong Town Park 62 4 8 8.5 53.8 | Lake Tuggeranong Tuggeranong Weir
Tuggeranong Valley Lawn
Bowls 46 5 0.5
Tuggeranong Dog Training
Greenway 2 Club 46 9 0.3 2.4 15.4 | Lake Tuggeranong Tuggeranong Weir
Tuggeranong Enclosed Oval 46 12 2.1
Isabella Plains
Isabella Plains Neighbourhood Oval 856 40 2.8 5.8 36.6 | Upper Stranger Pond Isabella Pond; T4
Isabella Plains Primary
School 856 41 0.8
Mackillop Catholic College -
Isabella Plains 877 16 2.2
Bonython Neighbourhood
Bonython Oval 21 3 2.1 2.6 16.5 | Upper Stranger Pond Lower Stranger Pond; T4
Bonython Primary School 21 4 0.5
Richardson Richardson Oval 494 1 1.3 1.4 89 | T4 T3
Richardson Primary School 452 2 0.1
Gordon Pond; T4; Upper
Stranger Pond; Lower
Calwell 1 Calwell Oval 701 2 2 3.2 20.3 | Point Hut Pond Stranger Pond
Covenant College 476 1 1.2
Calwell 2 Calwell Primary School 751 21 1.6 1.7 108 | T4 T3
Were St Parkland 787 28 0.1
Calwell District Playing
Calwell 3 Fields 798 17 11 12.4 78.7 | T3; T4
Calwell High School 795 11 0.7
St Francis of Assisi Primary
School 796 16 0.7
Theodore Theodore Oval 666 1 1.3 2.9 18.4 | - T3
Theodore Primary School 668 3 1.6
Gordon Gordon Neighbourhood Oval 410 12 0.9 4.3 27.3 | Point Hut Pond
Gordon Primary School 410 15 1
Point Hut Pond District Park 563 2 2.4
Charles Conder Primary
Conder School 286 2 0.8 9.2 58.3 | Point Hut Pond
Conder Neighbourhood Oval 286 3 2.1

211




Combined
Individual Combined Demand Suggested Supply
Designation Individual End uses Jection Block Demand (ha) | Demand (ha) (ML/y) Source Possible Supply Source
Gordon District Playing
Fields 410/211 14/13 5.6
Lanyon High School 212 10 0.6
St Clare of Assisi Primary
School 212 12 0.1
Banks Banks Oval 12 20 2.8 2.8 17.8 | Point Hut Pond
TOTAL 177.5 177.5 1126.9
JERRABOMBERRA
Canberra Greyhound Racing
Symonston Club 107 2 11 11 69.7 | - Lake Burley Griffin
SOUTH CANBERRA
Vikings Capital Vikings Capital Golf Club 100 23 30 30 190.5 Lake Burley Griffin
Narrabundah
Narrabundah 1 Neighbourhood Oval 124 7 1.5 1.9 12.1 | - Lake Burley Griffin
Narrabundah Primary
School 124 6 0.4
Narrabundah 2 Mill Creek Oval 34 38 2.2 2.2 14 | - Lake Burley Griffin
Jerrabomberra Sports
Narrabundah 3 Ground 64 4 3.6 6 38.4 | - Lake Burley Griffin
Narrabundah College 87 1 1.8
St Benedicts Primary School 88 21 0.7
Narrabundah 4 Boomanulla Oval 34 22 2 17 107.9 | - Lake Burley Griffin
Errol Kavanagh Memorial
Oval 34 26 5.5
Narrabundah Ball Park 34 32 1
Narrabundah Pitch n Putt 34 34 8.5
Red Hill Red Hill Primary School 27 11 0.4 0.6 39 | - Lake Burley Griffin
Red Hill Tennis Club 27 20 0.2
Red Hill/Griffith Canberra Grammar 6 1 5 6.8 429 | - Lake Burley Griffin
Flinders Park 88 29 1.8
Federal Federal Golf Club 56 1 11.5 11.5 73 | - W19; Lake Burley Griffin
Griffith 1 Kingston Oval 22 9 2 3.9 24.8 | - Lake Burley Griffin
St Clares College 29 1 1.9
Canberra South Bowling
Griffith 2 Club 42 15 0.4 2.4 15.2 | - Lake Burley Griffin
Flinders Tennis Club 42 10 0.5
Griffith Oval 42 17 0.8
Griffith Oval No. 2 42 17 0.7
Barton/Griffith Manuka Oval 15 15 2 11.9 12.7 | - Lake Burley Griffin
Telopea Park 30 1 7.2
Telopea Park Primary
School 29 1 2.7
Barton Bowen Park 31 4 3.7 3.7 23.5 | - Lake Burley Griffin
Forrest Canberra Bowling Club 12 3 0.3 0.9 58 | - Lake Burley Griffin
Forrest Primary School 13 1 0.6
Capital Hill Parliament House 1 2 32 32 203.2 | - Lake Burley Griffin
Parkes Parliamentary Triangle 58 1 120 120 762 | - Lake Burley Griffin
Canberra Girls Grammar
Deakin 1 Junior Campus 49 15 0.5 0.5 3.2 | - WO0; W2; Lake Burley Griffin
Canberra Girls Grammar
Deakin 2 Senior Campus 9 Jan-19 0.6 0.7 4.1 | - WO0; W2; Lake Burley Griffin
Latrobe Park 45 14 0.1
Deakin West District Playing
Deakin 3 Fields 68 13/23 10.8 14 88.9 | - WO0; W2; Lake Burley Griffin
Mint Oval 65 4 3.2
Deakin 4 Alfred Deakin High School 35 76 1.5 2.3 146 | - WO0; W2; Lake Burley Griffin
The Woden School 35 21 0.5
West Deakin Hellenic
Bowling Club 35 28 0.3
Yarralumla 1 Canberra Croquet Club 40 7 0.3 6 38.1 ] - Lake Burley Griffin
Flynn Place - - 0.5
Lennox Gardens 42 10 5.2
Canberra Southern Cross
Yarralumla 2 Club - Yacht Club 42 10 0.2 0.2 14| - Lake Burley Griffin
Yarralumla 3 Weston Park 124 5 4.4 14.6 92.7 | - WO0; W2; Lake Burley Griffin
Yarralumla Nursery 123 2 10.2
Yarralumla Neighbourhood
Yarralumla 4 Oval 82 13 2.5 2.8 18 | - WO0; W2; Lake Burley Griffin
Yarralumla Primary School 82 12 0.1
Yarralumla Tennis Club 53 1 0.2
Yarralumla 5 Forestry Oval 4 4 1.5 46.5 295.3 | WO W?2; Lake Burley Griffin
Royal Canberra Golf Club 119/121 2-Jan 45
Government House Government House 122 1 20 20 127 | WO Lake Burley Griffin
TOTAL 358.4 358.4 2213.3
WODEN VALLEY
North Curtin District Playing
Curtin 1 Fields 106 13 6.6 6.6 41.7 | W2 WO; Lake Burley Griffin
WO0; WC4; W19 Lake Burley
Curtin 2 Curtin Primary School 60 1 0.7 2.5 15.6 | W2 Griffin
South Curtin Neighbourhood
Oval 60 4 1.8
W19; W2; WO; Lake Burley
Hughes Clarrie Hermes Park 28 7 3.6 4.2 26.7 | - Griffin
Hughes Primary School 35 34 0.6
W19; W2; WO0; Lake Burley
Garran Malkara School 8 45 0.8 1.5 9.4 | - Griffin
Sts Peter & Paul Primary
School 8 40 0.7
Canberra College Woden W19; W2; WO0; Lake Burley
Phillip 1 Campus 79 7 1 8.3 52.4 | - Griffin
Canberra Southern Cross
Club - Bowling Greens 24 4 1.4
Phillip Oval Football Park 23 9 2.5
Pitch & Putt Golf Course 79 4 3.4
W19; W2; WO0; WC4;
WC19; WC13; WC17;
Lyons Lyons Neighbourhood Oval 55 9 2.7 3.5 22.2 | - WC9; Lake Burley Griffin
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Combined

Individual Combined Demand Suggested Supply
Designation Individual End uses Jection Block Demand (ha) | Demand (ha) (ML/y) Source Possible Supply Source
Lyons Primary School 41 5 0.8
W27; WO; W2; Lake Burley
Phillip 2 Arabanoo Park 80 36 1.1 8.8 55.9 | W19 Griffin
Eddison Park 131 7 1.7
Woden Athletic Field 131 5 1.8
Woden Cemetery 109 1 4
Woden Town Park 80 24 0.2
W27; WO; W2; Lake Burley
Phillip/Garran Garran Neighbourhood Oval 33 9 2.4 7.3 46.4 | W19 Griffin
Garran Primary School 33 1 0.7
Phillip Enclosed Oval 1 13 2.6
Phillip Playing Fields 1 6 1.7
Mawson Canberra Christian School 17 2 0.4 4.6 28.9 | W27 W19; W26
Mawson Neighbourhood
Oval 17 5 3
Mawson Primary School 17 5 1.2
Pearce 1 Marist College 49 16 6 10.6 67.3 | W27 W19; W26
Melrose High 49 1 2
Pearce Neighbourhood Oval 27 16 2.6
Sacred Heart Primary
Pearce 2 School 43 2 0.4 0.4 24 | - W27, W26
Mawson District Playing
Torrens/Mawson Fields 47 25 10.5 14.4 91.4 W27, W26
Torrens Neighbourhood
Oval 20 15 2.5
Torrens Primary School 22 13 1.4
Farrer Farrer Neighbourhood Oval 25 3 2.9 3.8 23.9 | - W27; W26
Farrer Primary School 33 2 0.9
TOTAL 76.3 76.3 484.2
WESTON CREEK
Chapman Neighbourhood WC20-1; WC20-2; WC20-3;
Chapman Oval 13 1 2.9 4.7 29.6 | - WC23; WC19; WC4
Chapman Primary School 12 4 1.8
WC20-1; WC20-2; WC20-3;
WC23; WC4; WC17;
Waramanga Arawang Primary School 39 1 1.4 9.3 59 | WC19 (partial) WC13; WC9
St John Vianneys Primary
School 44 4 0.3
Stromlo High School 45 1 1.8
Waramanga District Playing
Fields 46 7 5.8
WC20-1; WC20-2; WC20-3;
Canberra College Weston WC4; WC17; WC13; WC9;
Stirling Campus 24 2 0.4 10.3 65.3 | - WC3; WC2; WCO0
Stirling District Playing
Fields 24 88 9.6
Weston Creek Bowling Club 24 5 0.3
WC20-1; WC20-2; WC20-3;
WC4; WC17; WC14;
Rivett Rivett Neighbourhood Oval 27 4 3.3 3.3 21 | WC4 WC15; WC3; WC2; WCO0
WC4; WC17; WC14;
WC15; WC13; WC9; WCS3;
Holder Holder Neighbourhood Oval 23 1 2.5 2.5 15.9 | WC4 WC2; WCO
Duffy Duffy Neighbourhood Oval 54 1 2.5 3.7 23.5 | WC14-15 WCO0; WC2; WC3; WC4
Duffy Primary School 23 2 1.2
WC9; WCO0; WC2; WC3;
Holder/Weston Weston Oval 22 3 2 2 12.7 | WC4 WC14-15
Canberra Institute of
Technology & Horticultural
Weston School Weston Campus 96 6 2.7 2.7 17.1 | WC4 WC3; WC2; WCO
*North Weston Australian Defence College 0 1212 1 5.4 34.3
*Weston Pond Surrounds 0 1204 4.4
*Molonglo 1 Neighbourhood
*Molonglo Oval 0 1171 2.3 2.3 14.6
National Zoo National Zoo and Aguarium 0 1496 50 50 317.5 | WCO WO0; Lake Burley Griffin
Canberra International WCO; WO; Lake Burley
Arboretum Arboretum and Gardens 0 1544 180 180 1143 | - Griffin
TOTAL 276.1 276.1 1753.5
GRAND TOTAL 1564.7 1564.7 9893.1
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APPENDIXB  MAP OF DEMAND CLUSTERS

Please see next page for a map of demand clusters. Table 5Beglend clusters in the map. Refer
to Appendix A for the properties of each cluster.

Table 58: Demand Cluster IDs for Map

ID | Name 1D Name ID Name
1 | ACTON 52 | FLOREY 2 103 | MONASH
2 | ADFA 53 | FLYNN 104 | MURRUMBIDGEE
3 | AINSLIE 54 | FORREST 105 | NARRABUNDAH 1
4 | AINSLIE/BRADDON 55 | FRASER 106 | NARRABUNDAH 2
5 | AIS 56 | GARRAN 107 | NARRABUNDAH 3
6 | AMAROO 57 | GILMORE 108 | NARRABUNDAH 4
7 | ANBG 58 | GIRALANG 109 | NATIONAL ZOO
8 | ANU 59 | GOLD CREEK 110 | NGUNNAWAL
9 | ARANDA 60 | GORDON 111 | NICHOLLS
10 | ARBORETUM 61 | GOVERNMENT HOUSE 112 | NORTH WESTON
11 | BANKS 62 | GOWRIE 113 | O'CONNOR
12 | BARTON 63 | GREENWAY 1 114 | O'CONNOR/TURNER
13 | BARTON/GRIFFITH 64 | GREENWAY 2 115 | PAGE
14 | BELCONNEN 1 65 | GRIFFITH 1 116 | PALMERSTON
15 | BELCONNEN 2 66 | GRIFFITH 2 117 | PARKES
16 | BELCONNEN 3 67 | GUNGAHLIN 118 | PEARCE 1
17 | BONYTHON 68 | GUNGAHLIN CEMETERY 119 | PEARCE 2
18 | BRADDON 69 | GUNGAHLIN LAKES 120 | PHILLIP 1
19 | BRUCE 70 | HACKETT 121 | PHILLIP 2
20 | CALWELL 1 71 | HARRISON 122 | PHILLIP/GARRAN
21 | CALWELL 2 72 | HAWKER 123 | PIALLIGO
22 | CALWELL 3 73 | HIGGINS 124 | RED HILL
23 | CAMPBELL 74 | HOLDER 125 | RED HILL/GRIFFITH
24 | CAMPBELL/REID 75 | HOLDER/WESTON 126 | RICHARDSON
25 | CAPITAL HILL 76 | HOLT 127 | RIVETT
26 | CHAPMAN 77 | HUGHES 128 | RMC 1
27 | CHARNWOOD 1 78 | ISABELLA PLAINS 129 | RMC 2
28 | CHARNWOOD 2 79 | KALEEN 1 130 | SCULLIN
29 | CHISHOLM 80 | KALEEN 2 131 | SPENCE
30 | CITY 81 | KALEEN 3 132 | STIRLING
31 | CONDER 82 | KAMBAH 1 133 | SYMONSTON
32 | COOK 83 | KAMBAH 2 134 | THEODORE
33 | CRACE 84 | KAMBAH 3 135 | THROSBY
34 | CURTIN 1 85 | KAMBAH 4 136 | TORRENS/MAWSON
35 | CURTIN 2 86 | KIPPAX 137 | TURNER/ANU
36 | DEAKIN 1 87 | LATHAM 138 | UNIVERSITY OF CANBERRA
37 | DEAKIN 2 88 | LYNEHAM 1 139 | VIKINGS CAPITAL
38 | DEAKIN 3 89 | LYNEHAM 2 140 | WANNIASSA 1
39 | DEAKIN 4 90 | LYNEHAM 3 141 | WANNIASSA 2
40 | DICKSON 91 | LYNEHAM 4 142 | WANNIASSA 3
41 | DICKSON/ANSLIE 92 | LYONS 143 | WANNIASSA 4
42 | DOWNER 93 | MACGREGOR 144 | WARAMANGA
43 | DUFFY 94 | MACQUARIE 145 | WATSON
44 | EPIC 95 | MACQUARIE/BELCONNEN 146 | WATSON/DICKSON
45 | EVATT 1 96 | MAGPIES BELCONNEN 147 | WEETANGERA
46 | EVATT 2 97 | MAWSON 148 | WESTON
47 | FADDEN 98 | MCKELLAR 149 | YARRALUMLA 1
48 | FADDEN/CHISHOLM 99 | MELBA 1 150 | YARRALUMLA 2
49 | FARRER 100 | MELBA 2 151 | YARRALUMLA 3
50 | FEDERAL 101 | MITCHELL 152 | YARRALUMLA 4
51 | FLOREY 1 102 | MOLONGLO 153 | YARRALUMLA 5
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APPENDIX C  RAINFALL RUN-OFF MODELS

A rainfall run-off modelling approach was developed for urban Canbased on the calibration and
validation of three rainfall-run-off models for which stream gaudgta were available: Sullivan's
Creek upstream of Barry Drive; Yarralumla Creek upstrednCurtin; and Yarralumla Creek
upstream of Mawson. The fitted parameters for each of these catshmere used to develop run-off
time series for all urban catchments based on impervious areap#tanfluential characteristic for
run-off in urban areas.

Pervious fraction was the only parameter able to be measureddorcatchment and was done so by
investigating land use categories in the 'ACT Territory Pdad use' GIS layer. Each land use was
assigned effective impervious fractions based on a review ofitdrature and investigation of
satellite imagery (see Table 2 in Chapter 4.1). (Land usebeotype ‘federal land’, ‘municipal
services’, ‘entertainment, accommodation and leisure’ and ‘broadaees inspected separately
using aerial photography if they constituted a significant proportiagheotatchment, as they varied
case by case; the fraction impervious values shown for these land uses in Balig/aiguide).

Climate files for the three catchments were obtained from Eeokgnvironmental (gauge data) and
the SILO Data Dirill (interpolated datasets) (QNR&M, 1998). Td&8ledetails the source and length
of record of data used and Figure 49 shows the location of these eatshwithin the urban area of
Canberra.

Table 59: Climate data sources for fitting rainfall run-off models

Catchment |Catchment Data type Data Source Gauge Time period Data
Area (km 2) Number/ Gaps?
Coordinates
Sullivans 48.7 Rainfall Ecowise 570813 03/01/1987 19%
Creek Environmental 10/04/2007
Evaporation | SILO Data Drill | 35%15'S 24/04/1986 No
1409'E 10/04/2007
Streamflow Ecowise 410775 24/04/1986 0.04%
Environmental 10/04/2007
Mawson 5.9 Rainfall SILO Data Drill | 3521'S 01/01/1971 No
14906'E 31/03/2003
Evaporation | SILO Data Drill | 3521'S 01/01/1971 No
14906'E 31/03/2003
Streamflow Ecowise 410753 15/09/1971 0.8%
Environmental 12/03/2007
Curtin 27.5 Rainfall SILO Data Drill | 3521'S 01/01/1971 No
14906'E 31/03/2003
Evaporation | SILO Data Drill | 3521'S 01/01/1971 No
14906'E 31/03/2003
Streamflow Ecowise 410745 31/01/1970 2.4%
Environmental 11/12/2006
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Figure 49: Gauged catchments within urban Canberra

The models were developed, calibrated and validated using the Simidfall-run-off model in the
Rainfall Run-off Library (eWater, 2007). SimHyd is a daily conuaptainfall-run-off model with 7
parameters. This version has two additional parameters for ilopsrareas. Figure 50 outlines the
structure of the model: the model parameters are highlighted in red.
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Figure 50: Structure of the SIMHYD model (Podger, 2004)

Runcl

The record length (without gaps in rainfall or evaporation) wag spliwo for calibration and
validation periods. The longest or driest period was chosen for d¢adibta attempt to gain the best
fit for possible future conditions. The calibration and validation perwesutlined in Table 60; this

includes model warm-up for equilibration of initial stores.

Table 60: Calibration and validation periods of rainfall run-off models

Catchment Calibration Validation

Start Warm-up End Start Warm-up End
Sullivans 02/06/1990 01/12/1990 08/05/1997 18/03/2002 01/09/2002 10/04/2007
Creek
Mawson 01/01/1987 05/03/1987 31/03/2003 15/09/1971 04/12/1971 31/12/1986
Curtin 01/01/1987 05/03/1987 31/03/2003 01/01/1971 18/02/1971 31/12/1986

The calibration was optimised fataily run-off using optimisation tools (Genetic Algorithm or
Shuffled Complex Evolution, followed by Pattern Search) to two objeétimetions. The primary
objective function was to maximise the coefficient of efficieacyNash-Sutcliffe criterion (E), which
expresses the proportion of variance of flows accounted for directthebynodel. This value is
always less than 1 as illustrated in the equation below whereneasured and = observed flow.

> ()" —o(i)*)’

B > (oli)* —mean_obs* )2
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The secondary objective was to have total run-off within 5%, impased penalty on the Nash-
Sutcliffe criterion.

First the model was calibrated for each catchment sepatatalgntify the range of local parameter
sets and the best achievable fits to the data. Optimisationilbfatndn coefficient and infiltration
shape is not required in most catchments (Chiew and Siriwardena, 2a#8d Ithese showed little
variation/sensitivity here and so were set to default valuez00fand 1.5 respectively to improve
chances of optimisation of the remaining 7 parameters. Tableoddsghe parameters corresponding
to the best fit in each catchment. Tlhevalue and run-off difference obtained is considered 'good to
very good'.

Table 61: Optimal SimHyd parameters for each catchment

Sullivans Creek Mawson | Curtin
Baseflow coefficient. 0.527 0.475 | 0.502
Impervious Threshold 1.3 0 0
Infiltration Coefficient. 200 200 200
Infiltration Shape 1.5 1.5 1.5
Interflow Coefficient. 0.067 0] 0.011
Perv. Fraction 0.89 0.91 0.9
RISC 5 0 0.5
Recharge coefficient 0.318 0.784 | 0.805
SMSC 130 75 70
E (calibration) 0.870 0.687 | 0.695
E (validation) 0.778 0.605 | 0.571
Run-off difference (calibration) -5.0% 3.5% [ -3.0%
Run-off difference (validation) -4.5% 0.5% | -8.0%

The optimal parameters for the Sullivans Creek, Mawson and @attthments (Table 61) were then
used to develop a single parameter set for generic applicatadihcitchments across Canberra. This
was achieved by fixing the parameters one by one starting wibkuretl pervious fraction and then
proceeding in order of least to most sensitive parameter asuobsequent calibrations. Pervious
fraction was set according to the measured value, estimatgkdsusly outlined in Chapter 4.1.
This was 0.82, 0.73 and 0.75 for Sullivans Creek, Mawson and Curtin catchiespdstively. These
settings were below the calibrated pervious fraction valudsléTél), however to translate the run-
off model from one catchment to another, use of measured fractionvioysewalues is critical.
Fixing of the pervious fraction in this manner altered the remaining paramesggrséicantly.

Remaining parameters were set by considering: general conseinswerage calibrated values;
typical literature values; and minimising reduction in efficien€fit across the catchments. This was
difficult in some cases as divergence in parameter valuesased as more parameters were fixed.
The RISC (rainfall interception store capacity) parametes warticularly difficult to reconcile
between Mawson/Curtin and Sullivans Creek. In this case, an avanagphysically plausible value
was chosen which minimised the reduction in fit in each catchment.
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Once fixed, the final parameter set was tested for any additmmsaible optimisation. Table 62
shows the final parameter set obtained and Table 63 shows thetliis gharameter set to each
catchment.

Table 62: Generic SimHyd parameter set for Canberra

Parameter Value

Baseflow Coefficient 0.3
Impervious Threshold 5
Infiltration Coefficient 200
Infiltration Shape 1.5
Interflow Coefficient 0.01
Pervious Fraction Varies
Rainfall Interception Store Capacity 1.9
Recharge Coefficient 0.56
Soil Moisture Store Capacity 125

Table 63: Performance of test catchments against generic parameter set

Coefficient of Efficiency Correlation Difference in total run-off
(daily time-step) (daily time-step)
Calibration Validation Calibration Validation Calibration Validation
Sullivan’s 0.816 0.645 0.918 0.859 13.97% 13.33%
Creek
Mawson 0.561 0.467 0.766 0.726 -15.53% -17.23%
Curtin 0.593 0.462 0.773 0.695 -23.58% -26.63%

This parameter set evidently did not fit the data as wethasndividual optimised parameter sets.
Whilst the coefficients of efficiency obtained could still be cdesed reasonable, representing the
pattern of flow fairly well, the run-off difference was sidoiintly greater. The run-off was
significantly overestimated for Sullivan’s Creek and underegéohfor Curtin and Mawson, with a
maximum difference of 26.63%. This under or overestimation of the rupafficularly for higher
fraction impervious values, would not be expected to adequately represent the enfitiBnpervious
fraction or allow for realistic comparison of yield of potential supply options.

To overcome this underestimation problem, an alternative approachdewsdoped. As the
optimisation of the individual catchments yielded significantlydrattsults, a method was developed
to relate these parameters to the ungauged catchments. Indepdrdheeterisation process and
difficulty in fitting a generic parameter set indicated tilifferent processes were dominant in the two
areas, potentially relating to the degree of rural/undeveloped @reesent. To translate these
optimised sets of parameters it was assumed that:

» Fraction impervious is proportional to volumetric run-off coefficient and they caeléed
mathematically.
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e The Sullivan’s Creek model (Table 61), with an impervious fraction of 0.18 is apsofor
predicting catchments with low fraction impervious valugkZ), whilst the Curtin Model
(Table 61) is better at predicting higher fraction impervious values (>0.2).

A relationship between volumetric run-off coefficient  {Vand fraction impervious (F was
developed using the Sullivan’s Creek, Mawson and Curtin models withsthenption that the
will be around 0.05 for a;f O (Figure 51). This relationship was developed using the 2030telima
sequence. A run-off series for each catchment was developed bythesinmthematical relationship
to determine run-off coefficient. This was then used to scal®ffuodtputs (uniformly adjusted to
the trend line) of the model corresponding to the fraction imperviotiseo€atchment in question.
This would be Sullivan’s Creek wherg £0.2 or Curtin Model where;F0.2. For example, for a
catchment with Fof 0.1, run-off on day is calculated by the following process:

1. On dayt, according to the Sullivan’s Creek model, flow is equ&)ito
2. The trend line, as shown in Figure 51, is:
V.. = -0.3888F’ + 0.856F" + 0.3817F + 0.05

3. TheV, of the Sullivan’s Creek model, when run using the 2030 climate sequence is 0.11, and
the measure#; for Sullivan’s Ck is 0.18

4. To fit with the trend line in equation stated abd@gis adjusted t@), by:
Q =Q * (Vi trend line/\ original)
= Q, *[-0.3888F> + 0.856F + 0.3817F + 0.05]/ V. original
= Q; *[-0.3888*(-0.18} + 0.856*(-0.18F + 0.3817*(-0.18) + 0.05]/0.11
=Q;*0.14/0.11

Q¢ being the flow as per the trend line in Figure 51 foraf B.18 (Sullivan’s Creek) on day
t.

5. Flow on dayt, for a catchment witk; of 0.1,Q§”, can then be calculated as:
QX' =Q/*V, (for F of 0.1) /V,. (for F of 0.18)
=Q/*0.1/0.14

This method is far from ideal; however given that rainfall effrmodels could only be calibrated for
three catchments, this is the best result possible. A raindfaHoff model with an appropriate
volumetric coefficient and hydrograph shape is required for accst@atewater harvesting models.
Unfortunately, these two parameters could not be reconciled to devel@pmopriate generic
SimHyd model for urban Canberra. The relationship betweeand Fadopted for this study (Figure
51) is more realistic than that of the generic parameteasdtthe shape of the hydrographs used in
the modelling will be akin to those fitted to Sullivan’s Creek and Curtin.
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APPENDIX D POTENTIAL AND EXISTING LAKE AND POND SIT ES

See next page for a map of potential and existing lake and pond sites, with catckment ar
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APPENDIX E HYDROGEOLOGICAL PROVINCES

See next page for a map of the hydrogeological provinces of the ACT region.
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APPENDIXF  MAR DESIGN AND COSTING

Detailed below are the equations and assumptions used to cost the MAR examplesporthiSire
proposed 'W2' pond on Yarralumla Creek and its associated demands are used as an example.

Bore Design

Each MAR scheme was modelled in accordance with Figure 52 belgureF52 is a simplified
design of an MAR scheme and contains many generalities. Ityistuech a conceptual design suited
for the screening purposes of this report only.

| CONTROL | _ HEAD |_ Toirrigation
/| SYSTEM | ™ 4 WORKS field
(- L
H \ 4

Note: “Headworks” comprise filter,
disinfection unit, water quality monitor, —_ e :
flow monitqr, switch valve, bleed lines Injection Well| 2. = o |z '
as appropriate 200mm (&f |2 3l |3 Extraction Well
diameter |S| [ gl |2| 200mm
70 m deep g 3 2 ; 7c(l)lamgter
= m deep
5 SAE
—l.
— > éz Extraction Pump
Pump =/ Direction o# flow

Z

Figure 52: Conceptual generic ASTR design

As discussed in Chapter 4.2, the headworks required for each schiémarwidepending on the
hydrogeological province. For example, wells in the Mt Painter Widsahydrogeological province
will require minimal water quality treatment (e.g. filtereen) due to the high injection rates, which
means clogging is less likely to be an issue. This is notake for wells in the Alluvium province
(which have not been analysed in detail for this study) which egjlire further treatment, such as
from a sand filter.

For this study, headwork costs other than pipes and pumps from the poniltdis. disinfection
units, water quality monitors, switch valves etc.) were derivech Evans (2008) who estimated
$25,000 per injection bore in fractured rock aquifers. MAR was not conditterany other province
due to excessive treatment costs (approximately $3.50/kL, per comm. Taylor 2008).

It is noted that water table levels have not been explicitbutzied or modelled (Figure 52). This is
because starting water table levels for each scheme ge&t asknown and it is assumed the scheme
will be located over an appropriately large area, so that drawedadimjection limits will not be an
issue. This design and costing exercise is to test the potehtiquifer storage; it is not a process of
recommending specific locations or undergoing detailed design.

In the case of the 'W2' pond in the Yarralumla Creek catchmeitlg13) supplying the 'Curtin 1'
demand cluster, the total demand of the irrigators is 41.7 ML/yr (#ppeA). Following the

229



equations from Chapter 6.2 and assuming there is a 25% loss frogutfex,ahe minimum amount
water flowing from an aquifer annually g£des, IS:

Qaquier= Amount of water extracted from aquifer on annual basis
Qagquiter = Dend point/ (1-0.25) = 41.7/0.75 = 55.6 ML/y

In this case, the volumetric reliability between the pond and agsif@s%. Therefore, the average
annual volume of water to be delivered from the pond to the aquifer needs to be:

Qpond-aquiter= Average volume of water to be extracted from pond and injected to aquifer
Qpond-aquiter= Qaquiter! (0.95) = 55.6/0.95 = 58.5 ML/y

The injection rate of each bore;,£on is assumed to be 3 litres per second in this area (Mt Painter
Volcanics, Table 4). The number of injection bores requirgdeh vore iS therefore:

Ninjection bore= Q)Ond_aquifer/ anectionz 58.5 ML per year / 3 L per Second = 58.5 / 94.7 = 0.62
Obviously, the number of bores needs to be an integef,;§&MNoriS rounded up to 1.

The number of extraction bores required was calculated by firstagistg the maximum demand. As
is discussed in Chapter 3.2, annual demand is estimated to be 635 mm [8t25 &hd is the
equivalent of the difference between evaporation and rainfall i2QB6 climate series used in this
study. It is assumed that irrigation of each field occurs oncey &vdays and is alternated between
ovals / parks so that irrigation is occurring somewhere eachlidayg the irrigation season. For a
well designed irrigation regime, the maximum daily irrigationthe Curtin 1 demand cluster would
be 0.3 ML.

Assuming that the maximum extraction rate is equal to 4 I/s €blthe number of extraction bores
required, Nxtraction borer 1S equal to:

Nextraction bore= Maximum daily irrigation / Qax extraction= (0.3 ML/day) / (4 I/s) = 0.81
Once again, the number of bores needs to be an integesus@.MNordS rounded up to 1.

In this case, there is only 1 demand cluster (Curtin 1, see AppendsoAj is assumed all of the
demand can be supplied from a single bore field. If there wereptsuitemand clusters, the number
of bores required would need to be revised.

It is noted the above is a simple conceptual example. For detgjhdgeeater care needs to be taken
in ensuring injection / extraction rate accuracy. The design ctaddaiow for the end user to extract
water directly from the pond (as well as the aquifer) which wdmlokove operational efficiency
during summer. There is also potential to inject into both bores duehgeaviods and extract from
both bores during dry periods.
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Pond Design

In order to determine the pond size required to supply the demands c6Badhemes, a 65 year
daily model simulation using a 2030 climate series was run (sapt€r 2.1 for details of the climate
sequence, Appendix K for details of the harvesting model and Appendixdettdls of the rainfall
run-off model). Depending on the scenario being analysed, the volumetability was fixed at
either 85% or 95%. Demand was determined from thgsQurrequation above. The pond size was
then iteratively adjusted until the required volumetric reliability wédsesed.

Costing

The present value (PV) cost was estimated by summing thelcapjplacement and maintenance
costs, i.e.

Cosby ($2008) = Capital Cost + PV Operation-Maintenance Cost + PV Replacement Cost

Evans (2008) suggested capital cost for each bore to be $94,000 compréingtks of $25,000,
telemetry of $5,000, monitoring well (including monitoring equipment) of $50,000dakihg of
$14,000 (200 mm diameter pipe at 70 metres depth). A further $10,000 was added to thes tiadue f
extraction pump, to obtain an estimated cost per bore of $94,000.

'‘Add on' costs were allowed for in the form of contingency, consultangrdand supervision, special
investigations, insurance and administration-procurement. Valueschesen by CSIRO based on
typical values used by ACTPLA (per. comm. Garside, 2008) of 30% foingemcy, 20% for
Consultant Design and Supervision, 20% for Special Investigations, 0.8#&fwance and 4% of the
total for Administration-Procurement. In this case, a greatetimgency (30%) was adopted than for
other items such as pipes, pumps and ponds given the comparative gneattainty of aquifer
projects. A greater special investigations value was algb (2686) given there needs to be gathering
of geotechnical data and a degree of searching to find an appropriate site. &dtiiniprocurement
was calculated as simply 4% of the construction cost plus contingéesign and supervision and
special investigations in order to simplify the costing process.

A total cost of $270,000 was estimated for a single bore (Table bi)ircludes a construction cost
of $104,000 which equates to a total capital cost of $185,000 with 'add-ons' thdRefgacement
costs, which include provision of 30% for contingency, are estimated as $48,000 in PV ($2088) t
Limited information was available for operation and maintenance,cestannual operating costs of
between 1.5% and 2.0% of capital cost were assumed. This equated tonatedsoperation and
maintenance PV cost of $38,000. All PV calculations were undertakegcordance with the
formulae described in Appendix L.

In the case of 'W2' in Yarralumla Creek, where there is 1 injection and 1 extracton bor
W2 Bore Costy ($2008) = $270,000 * 2 = $540,000

It should be noted that this cost does not include the pond, pipes from pond & aquéimping
from pond to aquifer. These costs, in most cases, are substangaltgrghan the aquifer costs. See
Appendix L and Appendix P for example pond, pipe and pump design, modelling and costing.
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Table 64: Present value (PV) cost of a single bore

CAPITAL CONSTRUCTION COST

Headworks $ 25,000
Telemetry $ 5,000
Monitoring $ 50,000
Bore $ 14,000
Extraction Pump $ 10,000
Sub-total $ 104,000
Including allowances Allowance (%)

Contingency 30% | $ 31,200
Consultant Design & Supervision 20% | $ 20,800
Special Investigations 20% | $ 20,800
Sub Total $ 176,800
Insurance 0.6% | $ 1,061
Administration-Procurement Solutions 1% | $ 7,072
TOTAL $ 184,933
Total Capital Cost (rounded) ($) 185, 000
REPLACEMENT COSTS (PV)

Headworks $ 9,721
Telemetry $ 1,944
Extraction pump $ 5,988
Monitoring Well $ 19,441
Sub Total $ 37,094
Contingency 30% | $ 11,128
Total Replacement Cost $ 48,222
Total Replacement Cost (rounded) 48 ,000
OPERATION & MAINTENANCE COST Beta

Annual headworks cost (assumed 2% of capital) 002 % 500
Annual telemetry cost (assumed 1.5% of capital) 0.015| $ 75
Annual bore cost (assumed 2% of capital) 002 % 280
Annual pump cost (assumed 1.5% of capital) 0.015| $ 150
Annual monitoring cost 002 % 1,000
Sub Total $ 2,005
Contingency 30% | $ 602
Total Annual Cost $ 2,607
PV Total annual cost (incl. contingency) $ 38,379
Total PV O+M Cost (rounded) $ 38,000
TOTAL PV PROJECT COST $ 271,000
ROUNDED TOTAL ($PV) $ 270,000
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APPENDIX G REGIONAL AQUIFER REPORT

Canberra Integrated Urban Waterways Project
Draft Regional shallow aquifer Report 18" December 2007

lan Lawrence, Senior Research Fellow CRC eWater
Ray Evans, Director, Salient Solutions

Summary

This Report outlines the scope of large (regional) shallow ag@teoss Canberra, and assesses their
storage capacity, leakage rates, recharge and abstraction trench lgnggments.

Table 65: Summary of aquifer values

Aquifer medium | Storage Length of trench | Annual Max abstraction rate

classification capacity required per KL of | leakage rate | (KL/hr/m of trench)
(GL) recharge (m) (%)

Sandy gravel 400 to 500 0.07 29 2.76

Clayey sandy gravel 0.27 3.0 0.28

Silty clayey gravel 0.33 1.4 0.14

Summary of costs:

Inlet structure $15,000 - $30,000

Inlet pump & rising main $10,000 - $15,000

Infiltration swale, bio-filter & gravel trench $200/metre

Aquifer water recovery pump $5000

Annual maintenance $15,000
Background

The CSIRO assessment of stormwater detention, storage and supfysopas identified
groundwater storage as a key element in respect to storimgwsiter during rainfall events (low
water demand), and abstracting water from the storage for sugipty during dry or peak irrigation
demand periods.

Two categories of groundwater aquifer systems have been adopted for the purposesettmneca:
e Local aquifer storage & retrieval (ASR) or aquifer storage, transfetréeval (ASTR) systems;
« Regional aquifer storage, transfer & retrieval (ASTR) systems.

Within each system category there are two geological categories ofraquife
e shallow alluvial aquifers; and
« deep fractured rock aquifers.

This note develops a generic model for the regional ASTR shallow aquifer systentdying:
e storage capacity of typical regional shallow aquifers;

« their typical input (recharge) hydraulic rates and recharge arrangements;

« their efficiency in respect to leakage of stored water; and
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« ‘engineering’ of the aquifers required to improve their storagaaity and hydraulic conductivity
and to reduce their leakage;

e typical development and operations costs associated with establisleingquifers as active
stormwater storage systems.

Further development is required on the natural water cycle functitre afquifers in the landscape,
including their role in sustaining environmental flows in local waterways.

Description & Distribution of Shallow Aquifers acro ss Canberra

A major feature of the Silurian sedimentary landscapes acradse@a is the deposition of alluvial
material across valley floors, forming layers of silt, samd gravel (pedoderms). Water 'mounds' are
maintained within these zones by interflow drainage down the adjslopets, with springs across the
valley floors often a feature of the areas.

In many cases, clearing during the 1870s to 90s resulted in gullpreregth drainage of the
pedoderms to the floors of the gullies. Where erosion gullies havecoatred, discharge of the
pedoderms is either via springs, or exfiltration through the lowee"bf the pedoderm (alluvial fan),
as occurs in the Horse Park Wetland.

Where urban development has occurred over the pedoderm area (IsabellduRjgaranong, Conder
& Banks in southern Tuggeranong), the past practice has been installation of grouiresieption
drains. Residential development has been excluded from some major pesiddeGungahlin
(Ginninderra Ck at Gungahlin Drive, Gungaderra Ck at GungahlinrBs&Bands Nature Park), while
Water Sensitive Urban Design based urban development is proposedciséhef the Horse Park
pedoderm.

Geotechnical surveys of the pedoderms indicate typically layiesandy gravels to silty clayey
gravels, to depths of generally 3 to 4 m across the valley fldyy@cally, the gravel layers are
overlain by sandy loams to clay loams of 1.0 to 1.5 m depth. The hetéetggeh¢he layers
effectively limits the hydraulic conductivity, thereby limitinige leakage from the pedoderms. Even
after 3 years of severe drought, the Horsepark pedoderm retasiguaifecant depth of water (ACT
Geotechnical Engineers Report 2005).

Recharge of the pedoderms under natural conditions is predominantipteifioiv through the
lithosol soil layer down the slopes, into the pedoderm layer in the valley floor.
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Table 66: Hydraulic conductivity & porosity of aquifer materials

Aquifer Classification Aquifer medium Hydraulic con ductivity (m/s) Porosity

Pedoderm Sandy gravel 10° 0.35
Clayey sandy gravel | 10™ 0.25
Silty clayey gravel 5x10° 0.20

Where gravel layers occur to the surface, springs are freguamterved, particularly during wet
periods. A number of farmers have excavated material from thregspto provide a permanent pool
for watering of stock.

Table 67: Schedule of regional pedoderms

Catchment Location Area ha $torage Volumem °

Ginninderra Ck (Gungahlin) | Horsepark 100 400,000
Nichols/Ngunnawal | 40 160,000

Gungaderra Ck Crace 130 500,000

Ginninderra Ck (Belconnen) | Kippax?

Sullivans Ck Mitchell/Kenny 120 480,000
Lyneham? 90? 360,000

Jerrabomberra Ck Hume ??

Yarralumla Ck Curtin/Weston Ck? | ??
Mawson/Pearce? ??

Tuggeranong Ck Isabella Plains 170 700,000

Point Hut Ck Conder & Banks 100 400,000

Lanyon Ck Lanyon 110 440,000

Notes: Estimates of Storage Volume based either on geotechnical surveys or assumption of average depth of 2
m and porosity of 20%.
The Gungaderra/Crace system is already fully established, with discharge from the Franklin Water
Pollution Control Pond into the head of the Crace pedoderm.

» their typical input (recharge) hydraulic rates and recharge arrangements;

» their efficiency in respect to leakage of stored water; and

» ‘engineering’ of the aquifers required to improve their storagaaty and hydraulic conductivity
and to reduce their leakage;

» typical development and operations costs associated with establtblengquifers as active
stormwater storage systems.

Recharge Systems and Rates

For the regional shallow alluvial aquifers, there are two types of rechaigensy

» bio-retention swales with underlying gravel infiltration trench;

* window ponds intersecting the aquifer alluvial layer, with rechéingeugh the bed of the pond
(pre-treatment via ‘contained’ wetland).

The calculation of the trench length is based on the required reaia&ege¢he depth of the aquifer,
the hydraulic conductivity of the aquifer porous material, and the commgctoefficient for the
aquifer (heterogeneity of material).

Length of trench = V/[gbH + 60 k t(b + H/2)U] (Formula 5.4a)

where L = length of trench (m)
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V = inflow volume from storm th

& = trench material porosity = 0.35

b = width of trench = 2.0 m

H = depth of trench =2.0-3.0 m

ki = site soil hydraulic conductivity m/s

U = moderating (adjustment) factor translating test pit conductivity lab fie
T = duration of recharge or the storm event (minutes)

(assumes infiltration into the aquifer along 1 side of the trench only)

Trench emptying time:
T = -4.6Lbe/(2k,(L+b)) logio[Lb/(Lb+2H(L+b))] secs (Formula 3.31)
T~ -4.6be/(2ky) logi[b/(b+2H)] secs

Source: Argue, John R. (Editor) 2004. WSUD: Basic Procedures for Soantel of Stormwater. A
Handbook of Australian practice. (Gravel filled trench infiltration device)

Table 68: Length of recharge trench (3 m depth) required per KL of recharge volume

Aquifer medium Hydraulic Length of trench Time required to
classification conductivity m/s required per KL of drain trench

recharge hours
Sandy Gravel 10° 0.07 0.2
Clayey Sandy Gravel 10" 0.27 1.5
Silty Clayey Gravel 5x10° 0.33 3.1

Notes: Computation File ‘RegAquifer ASR.xIs’

Where the recharge and abstraction rate hydraulic performantmited as a result of high
heterogeneity of material in the aquifer, the construction ofdatravel filled trenches across the
aquifer can significantly improve the connectivity of graveisks, without seriously impairing the
longitudinal leakage rate.

Table 69: Aquifer leakage rate estimates

Aquifer medium Hydraulic conductivity Assumed Leakage rate
classification m/s hydraulic % of annual

gradient % recharge
Sandy Gravel 10° 5.0 2.8
Clayey Sandy Gravel 10° 5.0 0.3
Silty Clayey Gravel 5x10° 5.0 0.1

Notes: Computation File ‘RegAquifer ASR.xIs’

Where significant leakage spots exist as a result of théiegtaof the aquifer, or loss of edge
containment as a result of falling terrain, bentonite filled tnesccan be constructed to plug the
leakage pathway.

Abstraction System and Rates

Note that in the case of the shallow aquifers, the rechargamsysigravity based, with use of a pump
drawing water from the infiltration/abstraction gravel trenachabstract water from the aquifer for
water supply purpose. via: an ASTR based system.
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The analysis assumes the use of the same trench as usedeichtimge of the sportsground aquifer,
for abstraction of water for irrigation purposes, and the instatiaif a perforated pipe within the
lower gravel zone to balance inflow along the length of the tremchtaadeliver infiltrated water to
the abstraction pump pit at one end or in the centre of the trench.

For 2 dimensional flow to a trench (infiltration both sides) (Dupuit Equation)
v — yi? = glko (X2 — %) (Jaeger, C. (1961) Engineering Fluid Mechanics)
= ko (¥ — YO)/(X2 — %) = ko (Hy* — h)/X
where Ik is the permeability coefficient (m/s)
Hy is the height of the water table above the base of the trench
X is the horizontal distance from the side of the trench to the pbir@ro drawdown
influence on the phreatic line.

The upper ‘free water’ limit for pasture is 0.6m. i.e. the maxinp@mmissible height of the recharge
water mound beneath the sports ground relative to the base of the trenghjis- (B16)

The critical depth for the trench (drawdown level yielding th&imam rate of inflow to the trench)
he = 0.636 Galkp
Assume a ‘y’ value = 3 X (fdnen— 0.6)

Incorporating these values into the discharge equation yields:
Omax = KD (Hh2 - h)z)/Y = kD [(Htrench_ 0-6)2 - (0-636 QaJkD)z]/Y
Qmaxz + SKDquax_ 2.5 Iﬁz(Htrench_ 06? =0
Omax= - 1.25kY + 0.5 [6.25k>Y? + 10k’ (Hyencit0.6)]%°
and
L/V = 1/[esb H + t(hrs) gay

Table 70: Storage abstraction capacity of 3m deep trench

Aquifer medium classification  Assumed length of dra wdown path (m) |Max abstraction rate
(KL/hr/m of trench)

Sandy Gravel 7.2 2.76
Clayey sandy Gravel 7.2 0.28
Silty Clayey Gravel 7.2 0.14

Notes: Computation File ‘RegAquifer ASR.xIs’

Restoration of Aquifers Having Agricultural Drains and/or Urban
Stormwater Pipe Reticulation

Where there is extensive residential development and stornwetiterdation across the surface of the
aquifer, opportunities for the restoration of the aquifer are limithd.extensive reticulation of leaky

stormwater pipes across the aquifer, generally at a depthtoltse base of the aquifer (2.5 — 3.5 m),
effectively drains the aquifer. In these cases, residents shoukhdmuraged to uncouple their

stormwater connections, and distribute discharges to infiltration systehis thigir gardens.

Where infrastructure across the aquifer is limited to mainndrdconcrete pipe), there is an
opportunity to restore the aquifer, by placing drainage cutoff collars around the pipes.
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In the case of channels (Karl Cloos speaks of major flows undenelsasuch as Sullivans Ck
channel), there is a risk of ‘floating-off’ the concrete chanfadssin the event of the aquifer filling
with water. While the slabs have gravel bedding and weep holeddoe this pressure, this is never
the less the most common cause of channel failure during wet pednottese cases, the most
practical restoration mechanism is the removal of the conchetenel and creation of a series of
ponds, using lateral bentonite trenches across the floodplain, and ceveirstevithin the main flow
channel.

Clearly, restoration of aquifers will require site specific studies.

Development and Operations Costs

Infrastructure associated with establishing the aquifers as activersttanstorage systems:

e Alitter screen and coarse sediment trap on the pump well farstiveof stormwater drain flow
to the aquifer. Cost $15,000 - $30,000 each.

e Installation of a pump and rising main to divert stormwater frbm stormwater drain to the
infiltration swale. Cost $10,000 - $15,000

* A 2 metre wide swales & bio-filters (trench filled with toasoil and plants to promote biological
breakdown of organic material), over the main gravel storagératibn & abstraction trench
zone. Cost $200/metre.

» An aquifer water recovery pump within the infiltration trench. Cost $5000

« Pipe work for delivery of recovered aquifer water to supply nodes.

Note that a pond for treatment and balancing storage is not requirine icase of the regional
shallow aquifers.

Operation & maintenance costs relate primarily to periodicnatgaof the sediment trap and pump
maintenance. Cost $10,000/yr.

Life of bio-filters — 30 years.
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APPENDIXH SPORTSGROUND AQUIFER REPORT

Canberra Integrated Urban Waterways Project
Draft Local sportsground shallow aquifer Report 18" December 2007

lan Lawrence, Senior Research Fellow CRC eWater

Ray Evans, Director Salient Solutions

Summary

This Report outlines the scope of small (local) shallow aquifenssa Canberra, and assesses their
storage capacity, leakage rates, recharge and abstraction trench lgnggments.

Table 71: Summary of aquifer values

Max abstraction

Aquifer medium
classification

Storage capacity
(KL/m?)

Length of trench
required per KL
or recharge (m)

Leakage rate (%)

rate (KL/hr/m of
trench)

Sandy Loam 0.5-0.7 0.25 1.4 0.28
Loam 0.30 0.7 0.14
Clay Loam 0.35 0.1 0.03

Summary of costs:
Inlet structure
Inlet pump & rising main

$5,000 - $8,000
$2,000 - $3,000

Infiltration swale, bio-filter & gravel trench $200/metre
Aquifer water recovery pump $2000
Annual maintenance $5,000

Background

The CSIRO assessment of stormwater detention, storage and supfysopas identified
groundwater storage as a key element in respect to storimgwsiter during rainfall events (low
water demand), and abstracting water from the storage for sugipty during dry or peak irrigation
demand periods.

Two categories of groundwater aquifer systems have been adopted for the purposesettmnec:
e Local aquifer storage & retrieval (ASR) or aquifer storage, transfetréeval (ASTR) systems;
« Regional aquifer storage, transfer & retrieval (ASTR) systems.

Within each system category there are two geological categories ofraquife
e shallow alluvial aquifers; and
« deep fractured rock aquifers.

This note develops a generic model for the Local shallow aquifer systems, idgntify
« storage capacity of typical local shallow aquifers;

« their typical input (recharge) hydraulic rates and recharge arrangements;

« their efficiency in respect to leakage of stored water; and
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e ‘engineering’ of the aquifers required to improve their storagaaity and hydraulic conductivity
and to reduce their leakage;

e typical development and operations costs associated with establisleingquifers as active
stormwater storage systems.

Description & Distribution of Local Shallow Aquifer S across
Canberra

Sportsgrounds across Canberra have been located, in the main, adjacajatr tstormwater drainage
corridors. The sportsgrounds have generally been constructed to atioel®etween the 1 in 5 yr
and 1 in 10 yr ARI flood level.

Their location takes advantage of:

« location within the 1 in 100 yr ARI floodplain (area excludes residential development);

< the availability of fill from the stormwater channel excaeatio build-up the level bench required
to accommodate the sports fields (economy of cut & fill earthworks).

As a result, many of the sportsgrounds have sand & gravel zorés tieir sub-base (a medium
having a significant water storage capacity), and are imtedgiadjacent to a significant source of
stormwater.

A ‘water use inventory’ of Canberra University’s use of waterdertaken by Button and Usback in
1997, identified serious over- watering of the sportsfield, and the afeweht of a major water
mound beneath the sportsgrounds.

From the perspective of the ‘Canberra Integrated Urban WatsrRepject’, the finding highlights
the potential for storage of sportsground irrigation water requirtemevithin the sub-base of the
sportsgrounds themselves. Where sportsgrounds are over — wategede@st of over-irrigation
water application or high rainfall conditions), water is storetthiwithe sub-base and is available for
re-use. In addition, the storage can be supplemented by rechargingiifiee asing stormwater from
adjacent drains, for subsequent recovery for irrigation water supply.

What are the physical characteristics of these local aquifers in respect t

< their water storage capacity;

« their typical input (recharge) hydraulic rates and recharge arrangements;

« their efficiency in respect to leakage of stored water;

« ‘engineering’ of the aquifers required to improve their storagacity and hydraulic conductivity
and to reduce their leakage; and

e typical development and operations costs associated with establisleingquifers as active
stormwater storage systems.
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Table 72: Hydraulic conductivity & porosity of aquifer materials

Aquifer classification Aquifer medium Hydraulic con ductivity (m/s) Porosity

Pedoderm Sandy gravel 10° 0.35
Clayey sandy gravel 10" 0.25
Silty clayey gravel 5x10° 0.20

Soils Sand loam 10" 0.40
Loam 5x10° 0.35
Clay loam 10° 0.30

Assessment of Annual Irrigation Water Requirement
Depth of irrigation requirement = 500 mm year (TAMS End User Guideline)

On the basis of:

*  90% of this demand occurring during the October to April period;
¢ a maximum water supply deficit of 70% over this period; and

* a10% leakage of water from the storage during this period,

the net water storage requirement at the start of October is 350 mm.

Table 73: Sports ground storage requirement by sport codes

Code Area ground m z Storage req. m 3

Rugby | 9000 3100

Soccer 9000 3100

AFL 25000 8800

Cricket 5000 1800

Assessment of Biofilter/Infiltration Trench Length Requirement

The most practical and low cost means of recharging the sportsgaouiifér is the transfer of
stormwater directly to a swale/bio-filter trench, connectirtg &n infiltration trench. A bio-retention
swale/trench comprises a shallow swale having a 1 to 2% gradignshrubs or grasses planted
within the top loam layer of the bio-filter. The bio-filter congms 1 m depth of surface sandy loam,
underlain by 1 m depth of gravel and an agricultural drain collector pipe.

In the case of the sportsgrounds, the most efficient location famfthieation trench is parallel to the
creek or stormwater drain line, and between the middle and the 2¥&fts of the sportsground,
away from the creek or stormwater drain line.

The infiltration trench performs four functions:

« improves the hydraulic connectivity through the aquifer;

< infiltration of recharge stormwater into the aquifer during storm events;

« eXfiltration/abstraction trench during water recovery from thefagfior water supply purposes;
and

e provides a detention storage in situations where the infiltratiexfdtration rate of the aquifer is
less than the stormwater recharge or irrigation recovery rates.

The gravel trench would normally be covered by 0.6 m of sand and loam@cessary to maintain the

quality of the turf playing surface, and to prevent capillary rissalinisation of the surface

vegetation.
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The calculation of the infiltration trench length is based on the nedjpécharge rate, the depth of the
aquifer, the hydraulic conductivity of the aquifer porous material, @ dnnectivity coefficient for
the aquifer (heterogeneity of material).

Length of infiltration trench = V/[gbH + 60 k (b + H/2)U] (Formula 5.4a)

where L =length of trench
V = inflow volume from storm th
& = trench material porosity = 0.35
b = width of trench = 2.0 m
H = depth of trench =2.0-3.0 m
ki = site soil hydraulic conductivity m/s
U = moderating (adjustment) factor translating test pit conductivity lab fie
T = time of trench filling or duration of the storm event (minutes)

Trench emptying time:
T = -4.6Lbe/(2k,(L+b)) logi[Lb/(Lb+2H(L+b))] secs (Formula 3.31)
T~ -4.6be/(2ky) logi[b/(b+2H)] secs

Source: Argue, John R. (Editor) 2004. WSUD: Basic Procedures for Soantel of Stormwater. A
Handbook of Australian practice. (Gravel filled trench infiltration device)

Table 74: Length of infiltration trench (m) per KL of stormwater diverted to the trench for a stormwater transfer
duration of T minutes.

Site soll Direct stormwater transfer Stormwater transfer via pond

composition Storm Trench Trench Transfer Trench Trench
duration length m, drainage duration length m, drainage
(min) per m 3 time (hr) (hr) per m 3 time (hr)

recharge recharge

Sandy Loam 360 0.10 3.5 12 0.07 2.7

Loam 360 0.15 6.9 12 0.12 5.5

Clay Loam 360 0.29 34.6 12 0.27 274

Note:  Width of trench for direct stormwater transfer 3m; for pond transfer 2 — 2.5 m.
Refer to computation file ‘Sportsground ASR.xIs’

Where the recharge and abstraction rate hydraulic performantmited as a result of high
heterogeneity of material in the aquifer, the construction ofdatgavel filled trenches across the
aquifer can significantly improve the connectivity of graveiskes, without seriously impairing the
longitudinal leakage rate.
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Table 75: Aquifer leakage rate estimates

Aquifer medium Hydraulic Assumed hydraulic Leakage rate
classification conductivity m/s gradient % % of annual recharge
Sandy Loam 10" 5.0 1.4

Loam 5x10™ 5.0 0.7

Clay Loam 10° 5.0 0.2

Notes: Computation File ‘RegAquifer ASR.xIs’

Where significant leakage spots exist as a result of th@iegtaof the aquifer, or loss of edge
containment as a result of falling terrain, bentonite filled tnesccan be constructed to plug the
leakage pathway.

Assessment of Retrieval/Abstraction Trench Length R equirement

The analysis assumes the use of the same trench as usedeichtimge of the sportsground aquifer,
for abstraction of water for irrigation purposes, and the instatiaif a perforated pipe within the
lower gravel zone to balance inflow along the length of the tremchtaadeliver infiltrated water to
the abstraction pump pit at one end or in the centre of the trench.

For 2 dimensional flow to a trench (infiltration one side only)
yo2 = yi? = 20/k (Xo — %) (Jaeger, C. (1961) Engineering Fluid Mechanics)
a="%k ("= )X — %) = Y2 ko (Hy’ = )Y
where Ik is the permeability coefficient (m/s)
Hy is the height of the water table above the base of the trench
Y is the horizontal distance from the side of the trench to the pbir@ro drawdown
influence on the phreatic line.

The upper ‘free water’ limit for pasture is 0.6m; i.e. the maximpermissible height of the recharge
water mound beneath the sports ground relative to the base of the trenghjis-(H16)

The critical depth for the trench (drawdown level yielding the manri rate of inflow to the trench)
he = 0.636 Galkp

Incorporating these values into the discharge equation yields:
Omax = Y2 k) (Hh2 - h)z)/Y =% KD [(Htrench_ 0-6)2 - (0-636 QaJkD)z]/Y
qmax2 + SKDquax_ 2.5 Iﬁz(Htrench_ 06? =0
Omax = - 2.5k Y + 0.5 [25k2Y? + 10k (Hyencr0.6Y]%°

Table 76: Storage abstraction rate capacity of trench

Aquifer medium Depth of trench Assumed length Max abstract rate | Length of trench
(m) of drawdown (KL/hr/m of per KL of
path (m) trench) abstraction (m)
Sandy Loam 3 7.2 0.28 0.12
Loam 3 7.2 0.14 0.13
Clay Loam 3 7.2 0.03 0.15

Notes: Trench depth of 3 m
Refer to computation file ‘Sportsground ASR.xIs’
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Water Quality Treatment

The major concern in operating Aquifer Storage & Retrievaksyst is the protection of infiltration
& abstraction zones from clogging by suspended solids. The devicesedudbove include the
routing of stormwater diverted directly from drains, to a bitefjlproviding a high level of treatment
efficiency with respect to suspended solids, nutrients and toxicants.

Review of Option

For a sportsground of 9000 nthe annual storage requirement for irrigation is 3180 m
Depth of storage for this volume of water for Clayey sandyajrgporosity of 0.25) is 1.0 m, plus a
0.6 m water free zone to protect the turf — well within the 3 m depth trench assumed malfssa

On the basis of diversion of the 3100 KL of water over 10 storm evietgliversion/event = 310
KL. For a 60 minute stormwater flow duration, this represents ahtlength requirement of 93 m for
the Loam site condition. Subject to availability of sufficient fleally, this storage requirement
could easily be met, even with the most conservative assumption regardimg sibaditions.

Based on a peak weekly irrigation requirement of 30 mm, 3 ilwigatcles/week and irrigation over
an 8 hr period for each cycle:
peak demand/hr = 9000°m 10 mm/1000/8 = 11.3 KL/hr

Length of trench required to meet abstraction rate for the Laanc@ndition = 11.3/0.14 = 80 m vs
93 m for recharge. Subject to sufficient stormwater flow albEl#ocally, technically, this technique
appears very do-able.

Development and Operation Costs

Infrastructure associated with establishing the aquifers as activersttanstorage systems:

e Alitter screen and coarse sediment trap on the pump well farstiveof stormwater drain flow
to the aquifer. Cost $5,000 - $8,000 each (precast).

e Installation of a pump and rising main to divert stormwater frbm stormwater drain to the
infiltration swale. Cost $2,000 - $3,000

« A 2 metre wide swales & bio-filters (trench filled with toasoil and plants to promote biological
breakdown of organic material), over the main gravel storagérdatibn & abstraction trench
zone. Cost $200/metre x 90 m = $18,000.

» An aquifer water recovery pump within the infiltration trench. Cost $2000

« Pipe work for delivery of recovered aquifer water to supply nodes.

Note that a pond for treatment and balancing storage is not requiring icase of the regional
shallow aquifers.

Operation & maintenance costs relate primarily to periodicnatgaof the sediment trap and pump
maintenance. Cost $5,000/yr.

Life of bio-filters — 30 years.
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Actions Required to Further Assessing this Option

A significant number of sportsgrounds are located on alluvial stdeguosits. In these cases, site soil
conditions should easily meet the Clayey sandy gravel conditionién @dses, sportsgrounds along
the drainage lines have been built-up using fill excavated frorohttuenel construction. Geophysical
transects of these sites would provide sufficient information tly asess the viability of the
sportsground sub-base as an aquifer storage device, at minimal cost.

Comprehensive geotechnical information is available for the northednof Sullivans Ck, and

Ginnindera and Gungaderra Creeks, as part of the Gungahlin Geote@idigls 1983. (records
with ACTPLA).
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APPENDIX | SPORTSGROUND AQUIFER DESIGN AND COSTING

A sportsground aquifer was designed and costed in accordance with Figure 11 in €&bapter

Detailed below are the calculations and costs used to develop Table 10 in Chapter 6.6

Weir and litter trap / pumping well ~ assumed cost $5000
Pump from weir to infiltration swale / trench.

As flows are assumed to be sufficient (i.e. are not requiredotareastorm events), a maximum
pumping rate of 2 L/s was assumed sufficient.

Using the formula provided by Kirilly Dickson of ACTEW, cost was calculated as $8000.
Pumping Cost ($) = 4000*Flow rate (L/s)
Pumping Cost ($) = 4000*2 = $8000

Note: this could potentially be a gravity fed system. Inclusiathisfpump cost is a conservative
approach.

Cost of pipe from weir to infiltration swale / trench

The Darcy-Weisbach equation was used to estimate the nominal diameter.

_ 8fLQ?
Where:h; = head loss factor = assumed value of 2.5 m;Darcy-Weisbach friction factor =
assumed value of 0.09) = flow; L = length,g = gravity andD = diameter.

The equation was solved fér to obtain a nominal diameter of 23 mm. This was upsized to 50
mm, which is the smallest pipe size considered in this study.

Using the ACTEW formula for capital cost estimation and anmeséid required pipe length of
150 m. (Under gravity fed conditions, if sportsground is 2 m above bexkkcreeks run at ~3%
grade and 1% grade is required for pipe, a 100 m pipe length is reduieedalue of 100 m was
increased to 150 m to allow for obstructions such as going around ovalgiding road
crossings. It is noted that a value of less than 100 m is probalgyatddf a pump is employed
at the weir).

Pipe Cost ($) = 1.45*Pipe Diameter (mm)*Pipe Length (m) = 1.45*50*150 = $10,875
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. Infiltration swale / trench

Case A: Pumping from Creek to Trench/Swale

If pumping is required, it is assumed water will be transfefredn the creek to the swale
intermittently, depending upon the capacity of the trench to cope witkicaddiflows. A typical
transfer duration is assumed to be 6 hours.

Volume transferred = 6 hours * 2 L/s *60*60 = 43200 L = 43.2 kL
Using formula 5.4a from Appendix H (Argue, 2004), and conservatively assuming a loaypeoil t
L/V = 1/[es bH + 60 k 1(b + H/2)U] = 1/[0.45*2*3+60*0.00005*360(2+3/2)*1]
L/V =0.15m/kL  (where b and H have been assumed)
The required length for transferring 43.2 kL is therefore:
L =0.15*43.2 = 6.5 metres

This value of L is well below what is required for retrievithg water for irrigation (see equation
below).

To ensure the trench will not spill during transfer, the trench dyaitiane needs to be estimated.
Using formula 3.31 from Appendix H (Argue, 2004):

T = -4.6Lbe/(2k,(L+b)) logi[Lb/(Lb+2H(L+b))] secs

For this case, we know L>>b, as a long trench as per Figurerédused for extraction and storage.
Therefore, the equation for T can be simplified to:

T =~ -4.6b¢g/(2k,) logio[b/(b+2H)] = -4.6*2*0.45/(2*0.00005)* log[2/(2+2*3)]
T = 24925 secs = 6.9 hours

For this case, drainage time (6.9 hours) is only marginally ggrébtin transfer time (6 hours).
Considering storage in the trenchs, or in other words the volume of trench void space) is far
greater than the inflow; the trench will not spill during transigless antecedent conditions have the
trench close to capacity. Provided the operator properly monitorystears this circumstance will
not occur. There is therefore no need for continuous modelling, and we canfloent that in the
case of pumping from the creek to the infiltration trench, adequatgestana hydraulic conductivity
conditions exist.

Vs = e.LbH = 0.35*90*2*3 = 189 kL

Where L is estimated from the equation for abstraction below.
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Case B: Gravity Feed from Trench to Swale

A gravity feed system will need to be carefully designeéhtainto account the hydrological regime
of the catchment. If there is consistent, reasonably reliableifidle creek, the diversion system will
need to be designed with either:

0 Adiversion pipe that only diverts low flows which will not overload the swale;
0 A switch valve to ensure excessive flows do not enter the swale; or,
o An overflow pipe/drain running from the swale back to the creek.

If there are intermittent flows, then detailed hydrological and duldr modelling will need to be
undertaken to ensure the system is designed properly. For thisfisidhpbnceptual example, the
following calculations demonstrate that for flow lasting 12 houre¥atig a significant storm event,
the system is able to cope.

For a 75 mm diameter pipe running full, using Manning’s equation and assuming n=0.013, S=0.01
Q = (1/n)*AR?®s"2 = 2 4 litres per second

The total volume transferred over 12 hours is therefore equal to:
Q =2.4*12*60*60 = 104 kL

Considering the storage volume of the trench is 189 kL and thae# &9 hours to drain the trench,
a 12 hour flow of 2.4 litres per second should be able to be catered tbe Isyvale / infiltration
trench.

The above calculations demonstrate a gravity-fed swale/atidtr system is feasible for charging
‘sportsground aquifers’. Obviously, more detailed design (and perhaps contimoaledling) is
required prior to proceeding with a real case study.

Abstraction
Assuming a peak weekly irrigation of 30 mm, 3 irrigation cy@legk, intermittent watering of the
ovals, where each cycle lasts 8 hours:

Peak demand/hr = 900¢*10 mm / 1000 / 8 = 11.3 kL/hr

The length of trench required to meet the abstraction rate, usinlg 78 from Appendix H, is
therefore 80 metres for loam type soil (i.e. 11.3/0.14).

Costing

As described above, the trench has been sized as 80 m length bydthrbyw3 m depth. Boubli &
Kassim (2003) estimated gravel trenches cost $150ar this study, this figure was indexed from
2002 at an inflation rate of 2.5% to yield the value of $174/m
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A value of $5.50/rh (Bill Guy & Partners, 2004) was adopted for planting costs. Thisingexed
from 2004 to yield a value of $6/m

* Recovery Pump

The peak pumping rate for the recovery trench has been estinsated3akL over an 8 hour
period as per calculations above. This equates to 3.1 L/s. Based orCTi&AMAformula as
previously described, the cost for this pump is $12,500.

e Pipe from well to sportsground irrigation system

Using the Darcy-Weisbach equation once again, nominal diameter =n£8saa 50 mm
diameter pipe was adopted. With an assumed length of 50 m from thio wed sportsground
irrigation system, total capital cost is estimated to be $3,625.

* Replacement costs

Replacement costs were estimated using the formula:
Cost,, =F@+r)™

Where, F = Future Cost, r = discount rate = 0.065, Tife time of asset

So, total replacement cost for an analysis period, n is

Cost, =P+PA+m) ™ +PA+m) ™" +....+PA+m) ™™
Where: iT, <n

Pumps were assumed to have a life of 15 years and swales 80Asééscount rate of 6.5% was
adopted.

e Operation and maintenance costs
Pumps and weir structures were assumed to have an annual cost equal to 1.5% of capital cost

Swales were assumed to have annual cost of $2.15dsed on Fletcher et al. (2005) who
estimated $1.50 for vegetated swales and $2.50 for grassed swakegerage value of $2 was
adopted and indexed from 2005.

+ Allowances / ‘add-on’ costs

Allowances of 30% of capital cost for contingency, 20% for design andssipa and 20% for
special investigations have been made. This is significantlyehithan allowances for pipes,
pumps and ponds (see Table 78) due to the greater investigationedemdrnovel technology /
approach. Allowances of 4% for administration / procurement and 0.6% foarmtsuof the total
of capital plus contingency, design, supervision and investigations have also beerinclude
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APPENDIXJ  LAKE HYPSOMETRIC CURVES

The following information on lake hypsometric curves has been providddrbizawrence of the
eWater CRC.

Schedule of ACT Lakes & Ponds

There is very little survey information available for exigtiakes ponds. Surface areas, volumes and
depths have been estimated using approximate shapes (i.e. hypsometric curveBalale [7&r.

Table 77: Schedule of ACT lakes & ponds

Feature Surface | Volume | Av. Max. Length | Av Width
Area (GL) Depth | Depth [ (m) Effective width @ dam
(ha) (m) (m) Transverse shape type
Lake Burley Griffin 704.2 33.17 4.71 17.4 9800 720/720 Flat rectangular
Lake Ginninderra 105 3.7 3.5 10.1 3300 320/640 Vee
Lake Tuggeranong 57.1 2.6 4.6 9.0 2100 270/540 Flat rectangular
Gungahlin Pond 23.8 0.6 2.5 7.0 950 250/500 Vee
Yerrabi Pond 26.4 0.6 2.0 5.0 1300 200/410 Vee
Point Hut Pond 16.7 0.35 2.0 4.0 400 420/420 Flat rectangular
W Belconnen Pond 9.9 0.15 1.0 1.5 1000 100/100 Flat rectangular
Tuggeranong Weir 7.5 0.11 1.5 2.5 800 120/120 Flat
Isabella Pond 5.7 0.07 1.2 2.5 480 120/120 Flat rectangular
Lower Stranger Pd 4.1 0.08 2.0 3.0 513 80/80 Vee
Upper Stranger Pd 4.4 0.043 1.0 2.0 410 110/110 Flat rectangular
Jarramlee (Dunlop 1) | 0.7 0.011 1.5 2.0 110 60/127 Flat triangular
Fassifern (Dunlop 2) | 0.7 0.011 1.5 2.0 130 50/107 Flat triangular
Gordon Pond 0.6 0.009 1.5 2.0 70 100/170 Flat triangular
David St Wetland 0.3 0.003 1.0 1.5 55 Flat triangular
Banksia St Wetland 3.6 0.04 1.2 2.4 200 Flat triangular
Nichols Pond 0.2 0.002 1 2 45 Flat triangular

Computation of Hypsometric Curves

For Vee shaped pondage cross-sections:

Asurface= V\/Pond @ da|4'2 X Lengthi’dv or WPond @ dam (eﬁective‘)_' 2 X APond @ FSU—engthDd @ FSL
Wheond @ dan= 2 X Depth/ta@

tarﬁ =2X Depthwen/WPond @ dam (effective)

whereB is the transverse slope of the Pond sides

Lengthsong= Depth/tag

tanp = Deptha/Lengthbon @ Fst

where¢ is the longitudinal slope of the Pond bed.

Vpona= 13 X W/2 x D x L = WDL/6

For flat shaped pondage cross-sections:
Asurface= V\/Pond @ damX Lengthm, or WPond @ dam (eﬁective‘)_' APond @ FSU—engthDd @ FSL
Whongis constant, Lengt.q= Depth/tag

tanp = Deptha/Lengthbon @ Fst
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where¢ is the longitudinal slope of the Pond bed.
Vpona= 12X W x D x L = WDL/2
Approximate Volume for Vee Shaped Lakes & Ponds

Figure 1 Outline of Vee shaped lakes & ponds
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€.0.: Make Ginninderra— 640 x 3300 x 10.1/6 = 3.55 GL

Approximate Volume for Flat Shaped Lakes & Ponds

V =W, X L XD,y

Figure 2. Outline of Flat shaped lakes & ponds
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APPENDIX K  HARVESTING MODELS

Harvesting models were developed for:
* Ponds
e Ponds with Aquifer Storage (ASR & ASTR)
* Lakes

These models included inflows from stormwater and reclaimed water (depending upmentreos.

The harvesting models used for lake, pond and pond-aquifer models (B&yared Figure 54) are
very similar. Each uses the same simple algorithm for the pohathws a spill-before-yield
algorithm that produces conservative results (as opposed to sgilleid). In other words, on each
time step within the model, the spill is calculated prior to threatel being met. Perhaps this is best
described by the algorithms shown following.

Pressure Head = 10 m
Volumetric Reliability = 85% or 95%

Distance = 1.5*Length / 2
@ from Darcy-Weisbach

Rainfall  Evaporation

Q, = Demand / Pumping Hours in the
Irrigation Season

I Depth=2m

Seepage

SimHyd Model
Fi=0.45
Rainfall & Evaporation — SILO Data Drill for Canberra, 1940 — 2005, 2030 climate

Figure 53: Conceptual pond harvesting model (for 85% volumetric reliability)
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Pressure Head = 10 m

Reliability of Supply = 100% by volume

Losses = 25% for ASTR

= 0,
Losses = 50% for ASR Losses = 25% for ASTR

Losses = 50% for ASR

he Rainfall

Reliability of Supply = 85% by volume
Q=Q
@ from Darcy-Weisbach equation

Evaporation

@ from Darcy-Weisbach equation
Distance = 1.5*Radius / 2

Distance = 1.5*Radius / 2

Permanent Pool Volume = 1m §

Seepage

SimHyd Model
Fi=0.45
Rainfall & Evaporation — SILO Data Drill for Canberra, 1940 — 2005, worst 2030 climate scenario overlaid

Figure 54: Conceptual pond-aquifer harvesting model (for 85% volumetric reliability)

Model inputs for new ponds: detention depth (assumed 2 m); permanent pooladspingd 1 m);
initial depth (assumed 1.5 m); surface area; demand time gemigsie to each month and calculated
by finding the average monthly deficit between rainfall and evéipora 6.35 ML/yr as per Chapter
3.2).

It should be noted that existing lakes had an assumed stage-degingkip which was incorporated
into the model, whilst the pond models had an assumed uniform depth of 3.riéteeallowable
drawdown in the lake models was 1 metre.

Pond model algorithm:
S’ = Maximum ($:+ |+ R—E -G, 0)

Where, S = First storage calculation; S= Final storage level from previous time-step; | = infl&v;
= rainfall, E = evaporation, G = seepage

Qspit = Maximum (St — Dyetention A)

Where Quii = Spill; Dyeteniion= Detention depth; A = surface area
S =S,-Q

Where S’t = Second storage calculation

St = S”t - qupply
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Where Quppy = Supply

These calculations are repeated for each time-step (dail{heantire model, which in this case is a
65 year sequence.

The lake model is the same as the pond model with the exceptiah¢hHake model uses a stage-
volume relationship developed from the hypsometric curves in Appendix J.

The only difference between the pond-aquifer and pond models is aqoifagest The pond-aquifer

model was required to calculate the number of bores required. Thidomashased on the injection
rates as per Table 4 in Chapter 4.2. For the ASR models (i.e. dingystems) it was assumed the
irrigation period was 7 months of the year (October to April). RerASTR models (i.e. two well

systems), there is a separate well for injection which is used year round.

It should also be noted that the pond-aquifer models are designed witdigtinct volumetric
reliabilities. There is a volumetric reliability between thend and the aquifer and a separate
volumetric reliability between the aquifer and the demand (wtsatqual to 100% for all models).
‘Natural’ (i.e. ‘ambient’) groundwater is therefore sometimesdut supply the demand, however
over the entire modelling period there is no net loss of ‘natural’ groundwater.
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APPENDIX L  LEVELISED COSTING METHOD AND COST DATA

Present Value (PV) and Levelised Cost Method

The total cost of each water supply option is made up of the following three components:
Capital Costs + Operation & Maintenance Costs + Rdpcement Costs

Total cost is reported in present value (PV), a commonly used mithod in many textbooks and
literature. PV is calculated by the formula:

PV($)= > S

T s @+r)’

WhereC; is equal to the annual cost, all capital costs are assumed toim¢haryearT = 0 andr is
the discount rate which is equal to 0.065.

Residual value costs, i.e. the salvageable value of the asiseteand of the life of the project, has not
been included in this analysis, however it would have minimal ingratte overall PV cost given a
lengthy project life (50 years) has been used.

The PV cost was converted to a 'levelised cost' to enablengaokoptions and selection of ponds for
inclusion in the master plan (as per Chapter 7). 'Levelisedi€tis¢ unit cost of an item (in this case
$/kL) and is defined as the present value of costs (capital, mpeiatmaintenance and replacement)
divided by the present value of units supplied. The denominator is discénnteisame manner as
the numerator to reflect the present value of revenue flowselised cost' therefore represents an
estimation of the price required, in present day terms, to recoup @ast the analysis period. It is
defined by the equation:

t 1
Y. C,@+r)n
Levelised@s{($) = = .

>V, @+r)"

Wheret = analysis period (50 years for this exampte¥, year (1 through 50 for this exampl€) =
cost,r = discount rate (6.5% for this exampl®),= volume of the demand met over the analysis
period.

The present value of the capital cost is assumed to be sioydy ® the capital cost as the analysis
period starts in the year t=0.

The present value of the operation and maintenanceR¥sd\() is calculated by the formula:
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_ @+t -1
Poaw =A T enT

Where,A = Annual Costr = discount rate = 0.0653,= analysis period = 50 years. The formula stated
above is commonly found in many textbooks.

With an analysis period of 50 years, some infrastructure will negdcement. The present value of
replacing infrastructureP\g) is calculated by the formula:

PV; =F @+ r)'TL
Where,F = Future Cost; = discount rate = 0.069, = Life time of asset

So, total replacement cost for an analysis peiipohcluding the initial capital cost is

COSlpy = P+P@L+r) ™ +PAL+1) " + .+ PL+r)™™
Where:iT, <T

Once again, this is a commonly used formula found in many textbBotefers to price in 2008
dollars.

Add-On Costs/Allowances

‘Add-on’ costs (i.e. ‘allowances’) have been made for contingencygjapavestigations, consultant
design, consultant supervision, insurance, administration and procuremenng€ocyi special
investigations, consultant design and consultant supervision are calculatégesspercentage of the
capital cost. Insurance, administration and procurement are a fixaghtmge of the capital cost plus
allowances for contingency, special investigations, consultant dasayeonsultant supervision. All
‘add-on’ values used (Table 78) were chosen by CSIRO followingcedvom Jack Garside of
ACTPLA and Ray Evans of Salient Solutions.

The value of add-on costs were altered depending on the infrastrbetngedelivered. For example
contingency, special investigations, consultant design and consultanwvisiopelis greater for

aquifers compared to other items because of the high uncertaintgsts, greater need for
investigations and unique nature. Government agencies and consultants generallyagde astmuch

practice in delivering MAR schemes as ponds, pumps, pipes and sewer mining.
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Table 78: Summary of ‘add-on’ costs

Item Contingency | Special Consultant Insurance | Administration &

Investigations Design & Procurement
Supervision

CAPITAL

Ponds 20% 12% 8% 0.6% 4%

Pumps 20% 12% 4% 0.6% 4%

Pipes 20% 12% 1% 0.6% 4%

Aquifers 30% 20% 20% 0.6% 4%

Sewer 1 500 12% 8% 0.6% 4%

mining

OPERATION, MAINTENANCE & REPLACEMENT

Ponds 0% 0% 12% 0% 8%

Pumps 0% 0% 12% 0% 8%

Pipes 0% 0% 12% 0% 8%

Aquifers 10% 0% 12% 0% 8%

Sewer 0% 0% 12% 0% 8%

mining

Pipes

Design

Nominal pipe sizes were estimated using the Darcy-Weisbach equation, i.e.:

2
D= fLV
2h g

Where D = diameterf = Darcy-Weisbach friction factor = 0.02 (assumdd); length of pipe (as
calculated below)V = velocity, hy = head loss due to friction = 2.5 (assumegl)y; 9.81 m/s/s.
Substitutingv=Q/A=4QUID?, the following equation is obtained:

_ 8fLQ?
m gD’
This equation was solved fBrto obtain the nominal diameter.

h

Pipe sizes of 50, 75, 100, 150, 225, 300, 375, 450 and 525 mm were used. Calculatedswateitie
in the order of 0.3 — 0.4 m/s.

L was assumed to be the distance between the supply and demand, ohidtipdidactor (1.25) to
account for the fact the pipe distance will be longer than the shgassible distance between the
supply and demand (due to obstacles such as roads, houses, other infrastructure etc.).

It was assumed water was pumped directly from the pond storégee demand on an 'as-needs' basis
rather than pumping to an on-site storage. Adopting the latter apgraathe advantage of reducing
the size of pumps and pipes as water is transported over longepéniods (rather than simply the
irrigation period), but this is counter-balanced by the cost of the on-site storage.
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A preliminary analysis discovered there is potential to redfeeycle cost by using on-site storages;
however this finding was dependant on the values adopted for costing. AGIHE\W’'s estimation

for on-site storage generally resulted in an increase in prapsts, however using estimates based on
the retail cost of rainwater tanks resulted in a decredse ACTEW estimation is probably an over-
design for the purposes of this project as it is for a retidilatains system, whilst the estimation
using rainwater tank costs is probably an under-design. It wasudedcthat pumping to an on-site
storage was not a necessary design feature at this concapggahs any influence it has on cost is
well within the uncertainties of the modelling and costing. Moreildetathis analysis is given in
Appendix M.

Capital costs

Capital costs for pipes are based on email correspondence witlp Rigkson of ACTEW and are
based on the following formula:

Cost ($/m) = 1.45*Pipe Diameter (mm)

It is noted that the value of 1.45 is indicative only and can vawydeet 1.1 and as much as 5.0 if
boring is required. It is suitable for the conceptual design purposes oéport but is not suitable for
detailed design.

Operation & maintenance
Annual cost ($/y) $*Capital Cost($)

Wheref = 0.005 and capital cost does not include ‘add-ons’/ allowances.

Ponds

Capital costs

Excavation costs were based on excavation costs (provided by JaskleGaf ACTPLA) for
'Flemington Road Pond 1 & 2', Bonner Floodway’s 'Upper Pond' and 'Lower Pondtoo North
Pond 1 & 2', 'Gungaderra Creek Pond A' and 'Weston Creek Pond'. Basesb@mcdsts, ACTPLA
suggest using the following method for estimating pond costs:

1. Small ponds up to 20 ML allow $1007m abnormal items
2. Larger ponds over 20 ML allow $507m abnormal items

This procedure was adjusted slightly to ensure excavation costased with excavation volume in
all cases so that:

1. For first 20 ML of excavation, allow $100/m
2. For all excavation greater than 20 ML, allow $50/m

Note that abnormal items and land acquisition costs were not included in the concephngl cost
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Figure 55 below shows a comparison of excavation costs calculategthsi formula suggested in
the MUSIC manual for capital cost of ponds (Wong et al., 2005) and thimgeths procedure for
excavation costs outlined above. It is noted there is a signifiitiatence in the estimated costs.
This may be partly due to recent increases in excavation costs.

The cost of the pond is the most sensitive parameter for estimating totakingreest.

7000

Thousands

2}
[}
[=}
o

—MUSIC =—=$100/m3

—3$20/m3 — Adopted Method
5000 -

4000 /
3000 /

1000

Capital Cost ($K)

0 10 20 30 40 50 60
Excavation Volume (ML)

Figure 55: Comparison of excavation cost estimates for ponds.

Ponds (planting)

Planting costs were estimated using the ‘average’ valuepasted in Bill Guy & Partner’'s Detail
Design Estimating Guide for Civil Engineering Works (2004). Thieesof $4.50/rhfor planting
and $1/m for topsoiling were adopted. These values were indexed from 2003 to 2008ansing
inflation rate of 2.5%.

Operation & maintenance

Total annual maintenance (TAM) was calculated by the formullaemUSIC User Guide (Wong et
al., 2005)

TAM ($2005) = 185.4*&*®  where A = area (in

Renewal and adaptation cost (RAC) is also calculated by a foimtiia MUSIC User Guide (Wong
et al., 2005)

RAC ($) = 0.014*Capital Cost
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Pumps

The total pumping requirement to transport water from the supply stutte demand centré,,
was calculated using the following formula:

h =hy +h, +h;

Wherehy = required terminal pressure at demand point = 10 m (assumedglevation differential
between demand and suppty= friction loss in pipe (calculated by Darcy-Weisbach equation)

Email correspondence with William Bencke of ACTEW suggesteddhewing formula for pump
station costs:

Pump Station Cost ($) = 80,000%(0.71%3)
(where Q is pump flow rate in litres per second).

Email correspondence with Kirilly Dickson of ACTEW suggestedf@tiewing formula for pumping
costs:

Pumping Cost ($) = 4,000*Q (where Q is pump flow rate in litres per second).

The formula adopted for pump costing was a combination of the above tmaoldsr The first
formula was considered to overestimate pumping costs for simal fivhilst the second formula was
considered to underestimate pumping costs for large flows. The fodofermula was therefore
adopted:

Pumping Cost ($) = IF(Q<102,4000*Q), IF(QG2, 80000*(0.71*F)*%

This formula was adopted for estimating the cost of pumping waer & supply source (e.g. pond)
to a demand centre or secondary storage (i.e. aquifer storage).

A comparison of different methods for estimating pumping costs isrsiowigure 56. The broken
black line represents the cost estimation formula adopted for this project.
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Thousands

——ACTEW #1 —— NSW L+W o ACTEW #2 = Adopted

700

600 -

Capital Cost ($K)

Flow rate (I/s)

Figure 56: Comparison of pumping cost estimates

Operation & maintenance
Annual cost ($/y) B*Capital Cost($)

Wheref = 0.015 for pumps and capital cost does not include ‘add-ons’/ allowances.

Energy

Annual energy cost, £is calculated by the formula:

87609Q,h R

7
Wherep is specific gravityg is acceleration due to gravit@,, is the average flow (ifs), h is the
pumping head (m)R is the energy cost = 15c per kWh (based on email correspondehcdaokt
Garside and Chris Deschamps of ACTPLA), and N is the pumpindeeffic which is assumed to
equal 0.75.

C. =

Bores

See Appendix F for an example cost of a fractured rock bore.

Capital costs

The capital costs for bores were based on Evans (2008) and are as follows:

» Dirilling and bore: $14,000
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¢ Headworks: $25,000

e Telemetry: $5,000

*  Monitoring well: $50,000

e Extraction pump: $10,000
Therefore, for an ASR scheme:

Total Capital Cost = 14,000 + 25,000 + 5,000 + 50,000 + 10,000 = $104,000

Operation & maintenance

Unfortunately, no quantitative values for operation and maintenance wests available, so
assumptions needed to be made. To calculate annual operation and maintesgrte following
formula was used:

Annual cost ($/y) B*Capital Cost(3$)

A B value of 0.02 was adopted for headworks, the bore and monitoring equipnfievelu®e of 0.015
was adopted for pumps and telemetry.

Sewer Mining

All costs for sewer mining (with the exception of '‘add-on' cosése provided by Wayne Harris (per.
comm. 2007) and emanate from his discussions with Peter Norton-8atkekquatech Maxicon (a
specialist water and wastewater treatment company with exyerin building sewer mining plants).
These discussions have allowed an estimation of plant sizes ranging from 100tkl4ddi./day.

A sewer mining plant is assumed to consist of the following elements
e Sewer interception / diversion structure and pump
* Raw sewage / inlet balance tank
¢ Recycled water treatment plant

The recycled water treatment plant has been costed using MBRbtegy and allowances have been
made for additional secondary UV disinfection, basic solids handlingtiés; site works and
installation. Based on these costs, estimations of capital coation to plant flow were developed
(Table 79). The individual cost points shown in Table 79 define a euniah shows an economy of
scale related to increasing flow.

Table 79: Capital cost of sewer mining plant (source: Wayne Harris)
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Plant flow (kL/day) | Capital Cost
100 $1,300,000

300 $2,600,000

1000 $5,450,000
4000 $10,950,000

Operation and maintenance cost

In addition to energy, chemical and membrane replacement costaradiesvhave also been made for
operations monitoring and management, solids disposal and general opkeméiotenance (Table
80). Operations monitoring costs have been included on the basis thebe maveral sewer mining
plants operating in the system under a central management proifterdog ACTEW or some other
similar operational agency (either private or public).

The operations monitoring and management cost has a significantéigedhich is assumed to be
$20,000 per annum regardless of plant size. This allows for the plantiorti®red remotely from a
central control room and for an operator to make routine visits teithas well as attend emergency
callouts to attend alarms or other operational conditions which require a site visit

The general plant maintenance cost has been based on a notional cost to performeouioa &nd
mechanical operational maintenance and servicing on the installguveoi This item shows some
economy of scale related to the capital cost of the equipment, tienoperational and maintenance
costs have a similar cost function to the capital cost functiausffor purchasing raw sewage from
the water utility has not been included.

Table 80: Operations and maintenance cost of sewer mining plant

Plant Flow Fixed annual cost VVariable Cost per kL of
kL/day recycled water produced
100 $20,000 $1.34

300 $20,000 $1.25

1,000 $20,000 $1.19

4,000 $20,000 $1.13

Replacement costs

Much of the equipment that forms a sewer mining plant will hdife apan greater than the analysis
period (50 years). For these equipment, there is no need to estepkteement costs. However,
many of the equipment (e.g. rotating machines, pumps, motors, electittabl equipment) will
have a life span less than the analysis period. For this reason, replacemen¢icsttimated.

It was assumed typical electrical control equipment and switctibased replacing every 15-20
years, and mechanical equipment every 20-25 years. However, hevequipment will be used less
than a ‘typical’ treatment plant, it has been assumed a mdijmbishment every 25 years will
suffice.

Determining the major refurbishment cost required a number of assamgt was assumed 30% of
the factory price of the STP is electrical and mechanicapewnt, which needs replacement at 25
years. In addition, all of the secondary disinfection equipment and atheofsolids handling
equipment were also included. These latter two items are n&dadirical and mechanical equipment
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whereas the STP itself consists of many tanks, pipes and meshanhere regularly replaced and
hence not subject to major refurbishment costs. On this basis, thar2®egacement/refurbishment
costs for the STP and its associated elements were estimated (Table 81).

Table 81: Major refurbishment cost of sewer mining plant (at 25 year age)

Plant Flow Major Refurbishment Cost after 25 years
kL/day ($2007)

100 $410,000

300 $825,000

1,000 $1,650,000

4,000 $3,300,000

The sewer diversion structure consists of an interception manhole guuoinp station and it is
assumed that one third of the capital cost relates to theied¢@nd mechanical equipment in the
pump station. Only the electrical and mechanical equipment in the ptatipnsneeds to be
replaced/refurbished after 25 years. The time period is based eartigelogic as for the STP itself.
On this basis, the costs for replacement/refurbishment of ther sieversion structure were estimated
(Table 82).

Table 82: Major refurbishment cost of sewer diversion structure (at 25 year age)

Plant flow (kL/day)  Major refurbishment cost after 25 years ($2007)
100 $20,000
300 $35,000
1,000 $50,000
4,000 $70,000

The inlet storage tank has been estimated based on the cosinufrete tank with a metal 'silo’ type
roof. Provided the roof is designed properly, the tank adequately vemtleis @ubject to routine
inspection and painting, the whole structure will last at leasttifaysis period (50 years) without
need for refurbishment

Painting is also a cost that needs to be included. A good paint ssistertd last up to 15 years, but
should not be left much longer. Hence, allowance has been made for p#iatingin structure every
15 years based on nominal assumed values (Table 83).

Table 83: Cost to repaint major structural elements (every 15 years)

Plant flow (kL/day)  Major refurbishment cost after 25 years ($2007)

100 $7,500
300 $12,000
1,000 $20,000

4,000 $30,000
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Summary

A summary of all costs included for a sewer mining plant is shHowliable 84, which is an example
for a 100 kL/day plant flow. 'Add-on' costs, in the form of contingenonsultant design and
supervision, special investigations, insurance and administration-prnoent have been included and
are shown in Table 84. The same 'add-on' values were used [pdardliflows (100, 300, 1000 and
4000 kL/day). Straight line interpolation was used between the pointesting sewer mining plants

of alternate sizes.

Table 84: Example sewer mining cost

CAPITAL CONSTRUCTION COST

Sub-total $ 1,300,000
Including allowances Allowance (%)

Contingency 20% | $ 260,000
Consultant Design & Supervision 12% | $ 156,000
Special Investigations 8% | $ 104,000
Sub Total $ 1,820,000
Insurance 06% | $ 10,920
Administration-Procurement Solutions 1% | $ 72,800
TOTAL $ 1,903,720
Total Capital Cost (rounded) ($) b 1,904, 000
REPLACEMENT COSTS

Plant Replacement Cost $ 105,081
Diversion Structure Replacement Cost $ 5,126
Painting $ 4,603
Sub Total $ 114,810
Contingency 20% | $ 22,962
Total Replacement Cost $ 137,772
OPERATION & MAINTENANCE COST

Fixed Annual Cost $ 20,000
Variable Production Cost ($1.34/kL) - Annual Cost $ 48,944
Sub Total $ 68,944
Design, supervision, administration & procurement 20% | $ 13,789
Total Annual O+M $ 82,732
Total NPV Project Cost $ 1,218,192
TOTAL NPV PROJECT COST $ 3,259,964
ROUNDED TOTAL ($) $ 3,260,000
LEVELISED COST ($/kL) $6.06 per kL
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APPENDIXM  STORAGE OPTION ANALYSIS

Preliminary analysis was undertaken to assess the potentinl aisite storage tank to alter the cost
of a scheme. Examples were developed following the costing methathtandutlined in Appendix
L, with the addition of an onsite storage component. These scheméasa®@ on supplying one
demand from a stormwater pond, with an onsite tank at the end uderlatedigned as a temporary
storage to hold maximum daily demand. With the addition of an onsite gapRly is able to be
pumped to the tank over a 24 hour period, rather than the 8 hour period coineittingctual
irrigation.

Table 85 below shows costs with and without onsite storage, for various demand volumes. The pipe distance and
pumping head have been set at 625m and 20m respectively. Costs are based on Net Present Value over a 50
year timeframe, including annual operation and maintenance and add-on costs. Key values used to derive this
data are shown in
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Table 86. Table 87 gives examples for 100ML demand, showing the effect of chapgesdistance
and pump head. The main source of uncertainty here lies in the tanksetis The two sources of
tank cost data included the ActewAGL costing procedure for wapgs system tanks, and publicly
available retail rainwater tank costs. The difference betwleese domestic-type rainwater tanks and
water supply system tanks likely indicates the range of possible costs.

Whilst there is reasonable reduction in pipe/pump costs with onsitget these figures show little
or no economic benefit in onsite storage compared to the chosen coidiyuhad to possibly high
cost of storage. Whilst rainwater tanks may provide cost ssiihgy may be under-designed, and for
larger schemes numerous tanks are required. On the other handswpalgrtanks are always more
costly, though may be overdesigned. From these figures, a possibtangaldesign product would
be unlikely to have to have costs leading towards general adoption of on-site atdhagestage.

Longer distances and higher pumping head mean greater potentiavifoyssdue to the greater
proportion of the cost of piping and pumping (variable cost) as a proportithe @btal cost (fixed
cost). Smaller schemes, where the rainwater tank requirearentsore sensible could be considered
for onsite storage. This may make some of the smaller pond ssheare viable but would likely
need to be considered on a case-by-case basis to assess idsuEsmgite storage space, specific
tank design and maintenance responsibilities.
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Table 85: Costs of schemes with and without onsite storage, for various levels of demand

Chosen configuration (no onsite storage)

Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5
Demand (ML/y) 10 35 100 250 800
Pumping hours 8 8 8 8 8
Average flow (I/s) 1.6 5.7 16.3 40.7 130.1
Pipe diameter (mm) 75 150 225 300 375
Total Life Cycle Cost (NPV) Pipe and Pump ($) 136,033 319,176 630,329 1,215,320 2,953,827
Total Life Cycle Cost ($) 136,033 319,176 630,329 1,215,320 2,953,827
Alternative configuration (onsite storage)

Scheme 1 Scheme 2 Scheme 3 Scheme 4 Scheme 5
Demand (ML/y) 10 10 35 35 100 100 250 800
Demand (m?) 15748 15748 55118 55118 157480 157480 393701 1259843
Max Demand (mm/day) 4.23 4.23 4.23 4.23 4.23 4.23 4.23 4.23
Max Demand (ML/day) 0.067 0.067 0.233 0.233 0.666 0.666 1.665 5.329
Storage Safety Factor 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Storage Size (ML) 0.08 0.08 0.28 0.28 0.80 0.80 2.00 6.39
Tank Type ActewAGL Rainwater | ActewAGL Rainwater | ActewAGL Rainwater | ActewAGL ActewAGL
Number of Tanks 1 2 1 7 1 18 1 1
Storage Cost ($) 146,730 13,980 285,020 48,930 497,330 125,820 808,263 1,497,208
Annual O+M for Storage ($) 1,467 140 2,850 489 4,973 1,258 8,083 14,972
NPV Storage O+M ($2007) 21,605 2,058 41,968 7,205 73,229 18,526 119,013 220,457
NPV Storage with add-on costs ($2007) 239,467 22,816 465,160 79,855 811,655 205,341 1,319,105 2,443,481
Pumping hours 24 24 24 24 24 24 24 24
Average flow (I/s) 0.77 0.77 1.90 1.90 5.40 5.40 13.6 43.4
Pipe diameter (mm) 50 50 75 75 150 150 150 300
Total Life Cycle Cost (NPV) Pipe and Pump ($) 79,918 79,918 141,644 141,644 313,796 313,796 481,702 1,269,934
Total Life Cycle Cost ($) 319,385 102,734 606,804 221,499 | 1,125,451 519,137 1,800,807 3,713,415
% Saving from no onsite storage -135% 24% -90% 31% -79% 18% -48% -26%
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Table 86: Key variables used in costing

ActewAGL Water Supply Tank Cost $560,000*Volume (ML)"0.53
Rainwater Tank Cost (45kL) (retail) (http://www.enviro-friendly.com/tankmasta-water-tanks.shtml#45000) $6,990
Storage Operation and Maintenance Cost (% of capital cost, annual) 1.0%
Analysis Period (yrs) 50
Discount Rate 6.5%
Add-on cost factor 1.42
Table 87: Costs of current vs alternative configuration for different pipe and pump variables
Current configuration (no onsite storage)
Scheme 1 Scheme 2 Scheme 3
Demand (ML/y) 100 100 100
Pipe Distance (m) 625 625 1563
Lift 20 50 50
Pumping hours 8 8 8
Average flow (I/s) 16.3 16.3 16.3
Pipe diameter (mm) 225 225 225
Total Life Cycle Cost (NPV) Pipe and Pump ($) 630,329 778,498 1,249,144
Total Life Cycle Cost ($) 630,329 778,498 1,249,144
Alternative configuration (onsite storage)
Scheme 1 Scheme 2 Scheme 2
Tank Type ActewAGL Rainwater ActewAGL Rainwater ActewAGL Rainwater
NPV Storage with add-on costs ($2007) 811,655 205,341 811,655 205,341 811,655 205,341
Pumping hours 24 24 24 24 24 24
Average flow (I/s) 5.40 5.40 5.40 5.40 5.40 5.40
Pipe diameter (mm) 150 150 150 150 150 150
Total Life Cycle Cost (NPV) Pipe and Pump ($) 313,796 313,796 363,186 363,186 675,597 675,597
Total Life Cycle Cost ($) 1,125,451 519,137 1,174,841 568,527 1,487,252 880,938
% Saving vs no onsite storage -79% 18% -51% 27% -19% 29%
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APPENDIX N  GENERIC SCENARIO RESULTS

See next page for spreadsheet results of generic scenario costing results.
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APPENDIX O COMPARISON OF 85% AND 95% VOLUMETRIC
RELIABILITY

This short note provides some context regarding the implications ighdd#sa scheme based on 85%
and 95% volumetric reliability, where the definition of ‘volumetréiability’ is the percentage of
volume of demand met over the modelling sequence (in this case, 65 years as per2th)apter

Schemes designed at 85% and 95% volumetric reliability are cothfiar@erformance on shorter
timescales, especially during periods of low flow. The examples Seweral generic stormwater
pond schemes modelled using the 2030 climate sequence and a pond drawdowihllimitdepth
(Table 88 and Table 89).

As expected, ponds with 95% volumetric reliability perform much belteing drought periods,
however during the most severe dry periods the difference in pericems not so great. This is
because neither scheme has been designed to 100% reliabilityuse i&iexpected during the most
severe dry periods.

One of the modelled examples demonstrates that a scheme with 250Mnahd on a stormwater
pond with a 1000ha catchment designed for 95% average volumetric reliability has:

e Minimum volumetric reliability over 1 year of 70%

¢ Minimum time-based reliability over 1 year of 61% (where ‘tirakability’ is defined as the
percentage of days where demand is fully satisfied)

* Time reliability of 85% and volumetric reliability of 81% over the lowest y#eatream flow

e Time reliability of 92% and volumetric reliability of 90% ovdret lowest seven years of
stream flow record

e Maximum supply failure period of 118 days

This compares to the same scheme with an 85% volumetric reliability which has:
e Minimum volumetric reliability over 1 year of 52%
¢ Minimum time-based reliability over 1 year of 53%

e Time reliability of 81% and volumetric reliability of 68% ovéietlowest year of stream flow
record

« Time reliability of 85% and volumetric reliability of 77% ovdret lowest seven years of
stream flow record

e Maximum supply failure period of 141 days
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These results indicate that a scheme with 95% reliabilityp@iform much better than a scheme with
85% reliability; however neither will be able to maintain athgs types at all times. As is partly
explained by the results of modelling and costing in the main body ofréjisrt, designing
stormwater pond schemes beyond 95% reliability is in the vastityagbrcases inefficient because
required pond volume becomes very large which causes costs to become excessive.

This short note reinforces the importance of improving the reliability of supply by:

« Discussing with the mains water provider the possibility of arkip the harvesting
schemes.

» Combining stormwater harvesting schemes with MAR and / or sewer mining.

Table 88: Performance of stormwater ponds at 85% reliability

Demand Volumetric
Scenario (Time period) (ML) Catchment Area (ha) [Time Reliability Reliability
Minimum 1-year inflow 35 250 80.7% 66.7%
100 500 80.3% 65.6%
250 1000 81.3% 67.8%
Minimum 7-year inflow 35 250 89.2% 82.4%
100 500 86.3% 79.2%
250 1000 84.7% 77.0%
Minimum 1 -year time reliability 35 250 66.4% 51.0%
100 500 57.9% 50.9%
250 1000 52.6% 52.4%
Minimum 7-year time reliability 35 250 85.9% 78.8%
100 500 85.9% 79.1%
250 1000 84.6% 81.0%
Minimum 1 -year vol reliability 35 250 66.4% 51.0%
100 500 57.9% 50.9%
250 1000 52.6% 52.4%
Minimum 7-year vol reliability 35 250 86.9% 78.8%
100 500 87.7% 78.2%
250 1000 84.7% 77.0%
Demand
(ML) Catchment Area (ha) [Time (days)
Longest consecutive failure period 35 250 63
100 500 103
250 1000 141
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Table 89: Performance of stormwater ponds at 95% reliability

Demand Volumetric
Scenario (Time period) (ML) Catchment Area (ha) [Time Reliability Reliability
Minimum 1-year inflow 35 250 86.2% 79.1%
100 500 87.9% 81.6%
250 1000 84.6% 81.3%
Minimum 7-year inflow 35 250 97.2% 95.2%
100 500 95.4% 91.8%
250 1000 92.1% 90.3%
Minimum 1 -year time reliability 35 250 62.2% 62.7%
100 500 59.9% 67.9%
250 1000 61.2% 70.0%
Minimum 7-year time reliability 35 250 92.6% 91.7%
100 500 91.6% 91.6%
250 1000 90.3% 91.0%
Minimum 1 -year vol reliability 35 250 62.2% 62.7%
100 500 59.9% 67.9%
250 1000 61.2% 70.0%
Minimum 7-year vol reliability 35 250 94.2% 91.1%
100 500 91.6% 91.6%
250 1000 92.1% 90.3%
Demand
(ML) Catchment Area (ha) [Time (days)
Longest consecutive failure period 35 250 115
100 500 122
250 1000 118
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APPENDIXP  STORMWATER POND DESIGN AND COSTING
EXAMPLE

This short note outlines costing procedures for stormwater ponds usigd4hgond supplying the
Florey 1 demand centre as an example. A detailed summation off@ogtss example is given in
Table 90 below.

The pond was sized to meet a volumetric reliability of 95% usiegdinfall run-off model described
in Appendix C and a harvesting model as per Appendix K and the demand fdottég 1 demand
cluster is 12.3 ML/yr as per Appendix A. The resultant pond size is 864 m

The capital cost of the pond, pipes and pumps was calculated as perrsgumappendix L to be
$178,045, $92,468 and $8,008 respectively.

Replacement costs for pumps were calculated to be $4,795 using theregbatvn in Appendix L
and assuming a pump life of 15 years.

Operation and maintenance costs for the pipes and pumps were assureed.366 and 1.5% of
capital cost respectively on an annual basis.

The annual maintenance cost of the pond was calculated by the fornggatedgn the MUSIC User
Guide (Wong et al., 2005) with a 20% allowance for contingency

TAM ($2005) = 185.4*R*"® (+20% contingency), where A = area ih m
For this example, and including an inflation rate of 2.5%, this translates to
TAM ($2005) = 185.4 * 864*"8* 1,025 * 1.2 = $6069

Renewal and adaptation cost (RAC) is also calculated by a fosnggested in the MUSIC User
Guide (Wong et al., 2005). In this instance, the capital cost also isdlné&llowances for the pond
construction cost.

RAC ($) = 0.014*Capital Cost = 0.014* 260730 = $3650

Allowances, in the form of contingency, consultant design / supervispmtiad investigations,
insurance, administration and procurement are included as per TableApBandix L and Table 90
below.

Present value replacement and operation costs for the B14 - Eleseymple are shown in Table 90
below and are calculated as per the formula in Appendix L.

Note that residual value (i.e. salvage value) costs have notileaeded in this calculation (however
it would have minimal impact on the overall PV cost given atlgngroject life (50 years) has been
used).

279



Table 90: Example stormwater pond costing (B14 pond supplying Florey 1 demand)

CAPITAL CONSTRUCTION COST

Pipes $ 92,468
Pumps $ 8,008
Pond $ 178,045
Sub-total $ 279,000
Including allowances Allowance (%)

Contingency 20% | $ 55,800
Consultant Design & Supervision 12% | $ 33,480
Special Investigations (Ponds) 8% | $ 14,244
Special Investigations (Pipes & Pumps) 1% | $ 4,019
Sub Total $ 382,524
Insurance 0.6% | $ 2,295
Administration-Procurement Solutions 1% | $ 15,301
TOTAL $ 400,120
Total Capital Cost (rounded) ($) 400,00 0O
REPLACEMENT COSTS (NPV)

Pumps $ 4,795
Contingency 20% | $ 959
Total Replacement Cost $ 5,754
Total Replacement Cost (rounded) 6,0 00
OPERATION & MAINTENANCE COST Beta

Annual pipe cost (Beta = 0.005) 0.005| $ 462
Annual pump cost (Beta = 0.015) 0.015 | $ 120
Energy $ 907
Sub Total $ 1,490
Contingency 20% | $ 447
Total Annual Cost (pipe, pump, energy) $ 1,937
Total Annual Cost Pond (as per equation above) $ 9,719
NPV Total annual cost (incl. contingency) 9 171,631
Total NPV O+M Cost (rounded) $ 172,000
TOTAL NPV PROJECT COST $ 578,000
ROUNDED TOTAL ($) $ 580,000
LEVELISED COST ($/kL) $3.37 per kL

280




APPENDIX Q MASTER PLAN A MAP

See next page for a map of the Master Plan supply—demand options.

The legend shown in Appendix B identifies the clusters shown on the map.

281



APPENDIX R  ECOLOGICAL INDICATORS FOR TBL ASSESSMENT

Aquatic Vegetation

Table 91: Base case — shore exposure at 20 cm. Aquatic vegetation scores derived from analysis of the pond drawdown time series. The average recurrence intervals for
spells of 50-75 days and >75 days where the water level is drawn down more than 20cm are used to determine the scores as shown in Table 18 and Table 19. The final score
for the base case takes an average between the scores for the 20cm and 50cm drawdown levels (50cm scores shown in Table 92).

Pond name ARI ARI ARI Score Score Combined Average score
(d >75 day) (d>50 day) (50<d<75day) | >75 day 50-75 day score (20cm and 50cm)
David St 46 34 128 1 1 1 1
Jarramlee (Dunlop Pond 1) 1 1 1 1
Fassifern (Dunlop Pond 2) 1 1 1 1
Ginninderra 9 4 6 1 5 5 3
Gungahlin 39 33 220 1 1 1 1
Isabella Pond 41 33 172 1 1 1 1
Lake Tuggeranong 20 8 15 1 1 1 1
Lower Stranger Pond 20 9 17 1 1 1 1
Nichols Pond 7 4 8 3 3 3 2
Point Hut Pond 14 4 6 1 5 5 3
Tuggeranong Weir 39 18 34 1 1 1 1
Upper Stranger Pond 42 35 207 1 1 1 1
West Belconnen 3 2 10 5 1 5 3
Yerrabi 9 3 6 1 5 5 3
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Table 92: Base case — shore exposure at 50 cm. Aquatic vegetation scores derived from analysis of the pond drawdown time series. The average recurrence intervals for
spells of 50-75 days and >75 days where the water level is drawn down more than 20cm are used to determine the scores as shown in Table 18 and Table 19. The final score
for the base case takes an average between the scores for the 20cm and 50cm drawdown levels (20cm scores and averages are shown in Table 91).

Pond name ARI ARI ARI Score Score Combined
(d >75 day) (d>50 day) (50<d<75day) >75 day 50-75 day score
David St 1 1 1
Jarramlee (Dunlop Pond 1) 1 1 1
Fassifern (Dunlop Pond 2) 1 1 1
Ginninderra 45 39 306 1 1 1
Gungahlin 1 1 1
Isabella Pond 1 1 1
Lake Tuggeranong 1 1 1
Lower Stranger Pond 49 43 386 1 1 1
Nichols Pond 45 39 294 1 1 1
Point Hut Pond 44 39 301 1 1 1
Tuggeranong Weir 55 47 322 1 1 1
Upper Stranger Pond 1 1 1
West Belconnen 13 6 13 1 1 1
Yerrabi 46 40 316 1 1 1
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Table 93: Harvesting Case - shore exposure at 20 cm drawdown level (see explanation in caption for Table 91). Also included is a column indicating the change in score from
the Base Case score

Pond name ARI ARI ARI Score >75 | Score 50-75 | Combined Average score Change
(d >75 day) (d>50 day) (50<d<75day) day day score (20cm and 50cm)

David St 22 4 5 1 5 5 3 2
Jarramlee (Dunlop Pond 1) 3 1 3 5 6 6 6 5
Fassifern (Dunlop Pond 2) 5 3 9 6 1 6 3.5 2.5
Ginninderra 3 2 3 5 6 6 6 3
Gungabhlin 4 2 4 6 6 6 5.5 4.5
Isabella Pond 40 29 105 1 1 1 1 0
Lake Tuggeranong 4 2 4 6 6 6 5.5 4.5
Lower Stranger Pond 8 4 7 3 3 3 2 1
Nichols Pond 2 1 4 3 6 3 4.5 2.5
Point Hut Pond 5 2 5 6 5 6 3.5 0.5
Tuggeranong Weir 31 9 13 1 1 1 1 0
Upper Stranger Pond 10 3 5 1 5 5 3 2
West Belconnen 2 1 8 3 3 3 4.5 15
Yerrabi 3 2 5 5 5 5 4 1
B14 16 1 1 1 1 1
B28 15 4 6 1 5 5 4 4
T2 5 2 3 6 6 6 5.5 5.5
T3 13 4 5 1 5 5 3 3
T4 14 4 7 1 3 3 2 2
W19 5 2 4 6 6 6 5.5 5.5
w27 5 2 3 6 6 6 5.5 5.5
WC15 19 4 6 1 5 5 3 3
WC19 7 3 4 3 6 6 4.5 4.5
WC4 35 6 7 1 3 3 2 2
G23 22 7 10 1 1 1 1 1
NC14 4 2 4 6 6 6 5.5 5.5
NC18 5 2 4 6 6 6 5.5 5.5
NC911 6 3 4 5 6 6 5.5 5.5
WO 4 2 4 6 6 6 6 6
w2 39 9 12 1 1 1 1 1
WCO0 6 2 3 5 6 6 5.5 5.5
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Table 94: Harvesting Case - shore exposure at 50 cm drawdown level (see explanation in caption for Table 92)

Pond name ARI ARI ARI Score >75 Score 50-75 Combined score
(d >75 day) (d>50 day) (50<d<75day) day day
David St 36 14 23 1 1 1
Jarramlee (Dunlop Pond 1) 5 3 11 6 1 6
Fassifern (Dunlop Pond 2) 10 5 9 1 1 1
Ginninderra 4 3 11 6 1 6
Gungabhlin 6 3 5 5 5 5
Isabella Pond 1 1 1
Lake Tuggeranong 6 4 13 5 1 5
Lower Stranger Pond 45 39 286 1 1 1
Nichols Pond 4 3 11 6 1 6
Point Hut Pond 14 7 13 1 1 1
Tuggeranong Weir 50 43 313 1 1 1
Upper Stranger Pond 34 18 39 1 1 1
West Belconnen 4 3 10 6 1 6
Yerrabi 7 4 7 3 3 3
B14 1 1 1
B28 37 7 8 1 3 3
T2 9 3 5 1 5 5
T3 28 7 9 1 1 1
T4 35 7 9 1 1 1
W19 10 3 5 1 5 5
w27 9 3 5 1 5 5
WC15 38 9 12 1 1 1
WC19 25 5 7 1 3 3
WC4 41 8 10 1 1 1
G23 28 14 26 1 1 1
NC14 9 3 6 1 5 5
NC18 21 4 5 1 5 5
NC911 23 4 5 1 5 5
WO 6 3 4 5 6 6
w2 49 1 1 1
WCO0 18 4 6 1 5 5
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Phytoplankton Blooms

Table 95: Average recurrence intervals (ARI) for periods of critical pond turnover rates. A longer ARI indicates a lower algal risk.

Base Case Harvesting Case
Pond name Critical turnover ARI (years) Pond name C| ritical turnover ARI (years)
David St 1.2 David St 1.2
Jarramlee (Dunlop Pond 1) 0.8 Jarramlee (Dunlop Pond 1) 1.1
Fassifern (Dunlop Pond 2) 0.6 Fassifern (Dunlop Pond 2) 0.8
Ginninderra 0.5 Ginninderra 0.5
Gungabhlin 0.7 Gungabhlin 0.7
Isabella Pond 1.2 Isabella Pond 1.4
Lake Tuggeranong 0.5 Lake Tuggeranong 0.5
Lower Stranger Pond 0.7 Lower Stranger Pond 0.7
Nichols Pond 0.6 Nichols Pond 0.7
Point Hut Pond 0.6 Point Hut Pond 0.6
Tuggeranong Weir 0.9 Tuggeranong Weir 0.8
Upper Stranger Pond 1.2 Upper Stranger Pond 1.2
West Belconnen 0.5 West Belconnen 0.5
Yerrabi 0.6 Yerrabi 0.6
B14 5.3
B28 2.2
T2 1.2
T3 1.1
T4 1.9
w19 1.4
w27 1.3
WC15 2.3
WC19 1.6
WC4 2.6
G23 1.2
NC14 1.0
NC18 1.1
NC911 1.8
WO 0.8
w2 4.5
WCO 1.2
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Water Quality

Table 96: Load reduction indicator used in the DMCE analysis and the quantities used to derive this indicator. See Chapter 8.3.2 for explanation.

Volume Surface area Depth Hydraulic loading Nutrient retention Load reduction
(ML) (ha) (m) (mlyr) efficiency (%) indicator
David St 3.0 0.3 2.0 76 22 0.0
Jarramlee (Dunlop Pond 1) 14.0 0.7 2.0 16 61 0.0
Fassifern (Dunlop Pond 2) 13.9 0.7 2.0 8 72 0.0
Ginninderra 3555.2 105.6 10.1 9 69 1.4
Gungahlin 554.2 23.8 7.0 19 58 0.8
Isabella Pond 72.0 5.8 25 60 29 0.3
Lake Tuggeranong 2551.5 56.7 9.0 11 67 0.7
Lower Stranger Pond 61.6 4.1 3.0 21 56 0.1
Nichols Pond 48.0 4.0 2.4 3 80 0.0
Point Hut Pond 336.0 16.8 4.0 7 72 0.1
Tuggeranong Weir 144.0 9.6 3.0 37 43 0.3
Upper Stranger Pond 45.1 4.5 2.0 16 61 0.1
West Belconnen 100.0 10.0 2.0 2 83 0.0
Yerrabi 444.2 26.7 5.0 5 76 0.2
B14 1.7E-04 0.1 2 1430 0 0.0
B28 8.2E-04 0.4 2 117 5 0.2
T2 3.6E-03 1.8 2 31 47 0.8
T3 2.8E-03 14 2 69 25 0.8
T4 9.3E-04 0.5 2 292 0 0.2
W19 6.2E-03 3.1 2 36 44 1.6
w27 4.9E-03 25 2 31 47 1.2
WC15 6.0E-04 0.3 2 149 0 0.1
WC19 8.2E-04 0.4 2 51 34 0.2
WC4 1.6E-03 0.8 2 212 0 0.2
G23 1.1E-03 0.5 2 180 0 0.2
NC14 3.8E-03 1.9 2 24 53 0.8
NC18 6.7E-03 3.4 2 50 35 2.1
NC911 1.4E-03 0.7 2 110 8 0.3
WO 2.4E-02 12.0 2 30 48 7.2
w2 6.9E-04 0.3 2 1066 0 0.9
WCO0 6.6E-03 3.3 2 72 24 2.3
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Drawdown

Table 97: Drawdown indicator values used in the DMCE analysis: the percentage of time between November and April for which the drawdown exceeds 0.5m.

Base Harvesting
Pond name Drawdown score Pond name Drawdown score
David St 0.2 David St 15.8
Jarramlee (Dunlop Pond 1) Jarramlee (Dunlop Pond 1) 21.0
Fassifern (Dunlop Pond 2) Fassifern (Dunlop Pond 2) 13.4
Ginninderra 0.9 Ginninderra 20.1
Gungabhlin 0.4 Gungabhlin 19.8
Isabella Pond 0.3 Isabella Pond 0.5
Lake Tuggeranong 0.4 Lake Tuggeranong 17.0
Lower Stranger Pond 04 Lower Stranger Pond 1.0
Nichols Pond 1.1 Nichols Pond 25.5
Point Hut Pond 1.3 Point Hut Pond 8.9
Tuggeranong Weir 0.5 Tuggeranong Weir 0.7
Upper Stranger Pond 0.3 Upper Stranger Pond 5.9
West Belconnen 7.4 West Belconnen 23.3
Yerrabi 0.8 Yerrabi 18.6
B14 14.1
B28 17.8
T2 20.2
T3 18.8
T4 18.0
w19 20.0
w27 20.2
WC15 17.3
WC19 19.0
WC4 16.7
G23 19.1
NC14 20.9
NC18 19.1
NC911 19.9
wWo 21.3
w2 16.7
WCO 22.5
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Streamflow Impacts on Macroinvertebrates

Table 98: Zero ARI analysis for macroinvertebrates

Day calculations

Index calculations

1-in-1 year 1-in-2 year 1-in-1 year 1-in-2 year
Base | Harvesting | % Base | Harvesting % Base | Harvesting % Base | Harvesting %

Change Change Change change
DavidSt 24.6 30.7 25% 33.2 42.1 27% 4.2 4.0 -5% 3.9 3.6 -8%
DunlopPond1 30.7 43.0 40% 41.9 102.5 145% 4.0 3.6 -10% 3.6 1.6 -56%
DunlopPond2 38.2 22.0 -42% 64.7 152.0 135% 3.7 4.3 15% 2.8 -0.1 | -102%
Ginninderra 39.0 44.0 13% 65.6 99.2 51% 3.7 3.5 -5% 2.8 1.7 -40%
Gungahlin 31.1 45.5 46% 42.8 73.7 72% 4.0 3.5 -12% 3.6 25 -29%
IsabellaPond 25.0 26.3 5% 34.3 39.3 15% 4.2 4.1 -1% 3.9 3.7 -4%
LakeTugger 34.9 50.0 43% 56.5 83.5 48% 3.8 3.3 -13% 3.1 2.2 -29%
LowerStrangerPond 335 38.0 13% 52.5 63.2 21% 3.9 3.7 -4% 3.3 2.9 -11%
Nicholls pond 42.3 47.0 11% 69.0 113.0 64% 3.6 3.4 -4% 2.7 1.2 -54%
PointHut pond 38.3 43.0 12% 64.7 74.5 15% 3.7 3.6 -4% 2.8 25 -11%
Tuggeragong Weir 28.7 32.3 13% 40.7 48.5 19% 4.0 3.9 -3% 3.6 3.4 -7%
UpperStranger Pond 29.8 37.0 24% 41.9 62.5 49% 4.0 3.8 -6% 3.6 2.9 -19%
WestBelconnen 43.0 21.2 -51% 126.0 115.5 -8% 3.6 4.3 20% 0.8 1.2 44%
Yerrabi 42.3 44.0 4% 68.5 100.5 47% 3.6 3.5 -2% 2.7 1.7 -39%
B14 17.2 21.9 4.4 4.3
B28 28.7 40.6 4.0 3.6
T2 38.2 63.7 3.7 2.9
T3 32.4 43.5 3.9 3.6
T4 29.5 40.7 4.0 3.6
W19 37.3 62.5 3.8 2.9
w27 38.2 64.0 3.7 2.9
WC15 26.6 39.6 4.1 3.7
WC19 334 51.5 3.9 3.3
WC4 24.9 35.4 4.2 3.8
G23 29.0 38.7 4.0 3.7
NC14 43.0 76.5 3.6 25
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Day calculations

Index calculations

1-in-1 year 1-in-2 year 1-in-1 year 1-in-2 year
Base | Harvesting | % Base | Harvesting % Base | Harvesting % Base | Harvesting %
Change Change Change change
NC18 34.7 57.5 3.8 3.1
NC911 34.7 55.5 3.8 3.2
wo 41.5 67.0 3.6 2.8
w2 20.5 29.5 4.3 4.0
WCO 35.0 59.7 3.8 3.0
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APPENDIXS  ECOLOGICAL ASSESSMENT TECHNICAL DETAILS

See next page.
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APPENDIXT  FOCUS GROUP QUESTIONS

Background

This research forms part of a study on assessing Integratech Wheer Management (IUWM)
options in Canberra. The overall objective of this study is to sigbesfeasibility of achieving 3
GL/yr reuse target across Canberra giving emphasis to sademwarvesting. This workshop is to
research the social impacts of this project, including a spenificest in the Weston Creek Pond
project as well as more general consideration of water in Canberra.

Introductions

We invite you to introduce yourselves. Who do you represent, and whatimmportance of water in
your role?

General Questions

Who do you see as responsible for managing water in Canberra, and aidie is bring about
change in practices?

Have you had experiences already with water re-use or water re-cycling?
What are you general concerns about water re-use and water re-cycling?
In what ways could water re-use and water rec-cycling be used?

Do you think water re-use and water re-cycling can help Canberra’s waterimgedsral?

At this point, provide information about the project.

Project Related Questions
What are your interests in the water re-use project?
What are the benefits of the water re-use project? (if any)
What are you concerns about the water re-use project? (if any)
Who should have access to the water?
Do you have confidence in the technical or scientific basis of the project?
What are appropriate uses for the water from the project?

Do you think the project will help Canberra’s water needs?

Are there any other issues you would like to raise or questions you would like to ask?

Closing statement: what happens now?
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APPENDIX U  SURVEY QUESTIONS

1. Who do you see as responsible for managing water in Canberra?
* ACT Government
« ACTEW
* ActewAGL
* Businesses
* Residents
* Federal Government
« National Capital Authority
e Catchment groups
e Other (please specify)

2. How complex do you find the arrangements for water management in Canberra?

3. We are interested in your opinion on the ability of different organisations and groupgytabdwiut
change in water management. How much ability do the following have to bring about change in
practices?

¢ ACT Government

« ACTEW

¢ ActewAGL

* Businesses

* Residents

» Federal Government

« National Capital Authority
e Catchment groups

e Other (please specify)

4. What do you see as suitable options for the following regions (Weston Creek, Woden,
Tuggeranong, Gungahlin, Inner North Canberra, Belconnen) of Canberra (select giplyiat a
e Sewer mining
e Stormwater collecting
e Ground water recharge
* Don't know

5. What do you see as suitable options for your suburb? (select all that apply)
e Sewer mining
e Stormwater harvesting
e Ground water recharge
e Other (please specify)
* Don't know

6. How well do you understand the following water collection and recycling approaches?
« Roof water harvesting (e.g. rainwater tanks)
* Recycling household water (i.e. 'greywater")
e Collecting and using stormwater (e.g. in ponds for re-use)
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« Wetland projects for water quality improvements

« Reusing treated sewage for irrigating parks etc

e Ground water recharge*
*e.g. injecting (recycled) water underground for storage in an aquifer and subseqigvaliret
(comments welcome)

7. Do you agree that the following are appropriate forms of water collection antingdyc
Canberra?

* Roof water harvesting (e.g. rainwater tanks)

¢ Recycling household water (e.g. laundry, shower)

e Collecting and using stormwater (e.g. in ponds for re-use)

« Wetland projects for water quality improvements

« Reusing treated sewage for irrigating parks etc

e Ground water recharge*
*e.g. injecting (recycled) water underground for storage in an aquifer and subseqigvaliret
(comments welcome)

8. If stormwater were to be collected, which is the best way to store it? (phezsse only one)
¢ In new ponds (which could run dry in summer)
« In existing ponds and lakes (so water level could vary)
e Underground in tanks
e Underground in the groundwater system
* Don't know
 Don't care
e Other (please specify)

9. How concerned are you about the following aspects of water collection and watkngecyc
e Water quality
e Injury risk
» Odours
« Aesthetic impact
e Economic viability
* Mosquitoes
» Comments welcome:

10. As a resident, do you collect and use rain water (e.g. in rain water tanks) ar geeyelater?
Please select all that apply

e Collect and use rain water for garden/lawns

» Collect and use rain water for household use

e Collect and use rain water for drinking

* Recycle greywater on gardens/lawns

* Recycle greywater for household use

e Other (please specify)

11. When considering the options for new water management projects in the ACT, how ingrertant
the following issues?

e Quantity of drinking water conserved

» Financial cost to install

* Financial cost to maintain

¢ Potential for community education
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e Opportunities for recreation
e Aesthetic appearance
Impact on future housing development
« Impact on land prices
¢ Health and safety
« Ecological habitat
e Equity of access to water
e Other (please specify)

12. Which of the following do you see as appropriate uses of collected stormwater atetirecyc
water?

e Use on residential gardens

e Irrigation of parks and public gardens

< Irrigation of sports grounds

e Drinking

e Use by golf courses

e Use by industry

13. Do you agree that collected stormwater and water recycling will:
e Solve Canberra's water needs completely?
» Contribute towards Canberra's water needs?
« Be an inappropriate way to address Canberra's water needs?

14. What strategies do you see as being the most effective for meeting Camvena! water needs?
* Roof water harvesting (e.g. rainwater tanks)
¢ Recycling household water (e.g. laundry, shower)
e Collecting and using stormwater (e.g. in ponds for re-use)
« Wetland projects for water quality improvements
« Reusing treated sewage for irrigating parks etc
¢ Increasing dam size
¢ Reducing water demand
e Ground water recharge*
*e.g. injecting (recycled) water underground for storage in an aquifer and subseqievaliret
(comments welcome)

15. How important are the following factors in affecting whether Canberra neetater needs?
e Population growth
* Lower rainfall
e Garden design
* Increasing water use per person

16. What are the landscape elements (European trees on public land, Native Austesian public
land, Public lawns, Sports fields, School grounds, Public parks, Public nature strips, Gsdscour
Turf farms, Trees in private gardens, Horticulture farms, Vineyards, Lawmévate gardens, Other
private gardens, Other) that should be watered in Canberra?

e Should be watered always

e Should not be watered during water shortages

» Should not be watered at all

* Should not be there at all
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17. Which type of water do you see as appropriate for the following uses (European treescon publi
land, Native Australian trees on public land, Public lawns, Sports grounds, Public parksn&tuine
strips, Golf courses, Turf farms, Trees in private gardens, Horticultums fafineyards, Lawns in
private gardens, Other private gardens)?

* Tap water

e Stormwater or recycled water

* Groundwater

e Alltypes

* None

18. How would you describe the level of information that is publicly available about water
management in Canberra?

e Too much information

« Sufficient information

« Insufficient information

¢ No information

e Don't know

e Don't care

19. Are you male or female?
* Female
* Male

20. Please indicate your age:

. 0-14

. 1524
. 2534
. 3544
. 4554
« 5564

« 65 and over

21. How many people live in your household?
e Children (under 16 years old)
* Adults

22. Please indicate your dwelling type
e Unit/apartment
e Townhouse/duplex
* Detached house
* Retirement village
e Caravan/temporary dwelling
e Other (please specify)

23. Please indicate the suburb where you live.
24. How often do you drink the following sorts of water?

e Tap water
e Filtered tap water
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+ Bottled water
e Bore water
« Tank water

25. Please indicate your highest level of education
e Primary school
e Secondary school
* TAFE/trade
« Diploma
e Tertiary degree
e Post-graduate

26. Please indicate your annual gross income
* below $25,000
* $25,000 - $50,000
* $50,000 - $75,000
» $75,000 - $100,000
» over $100,000

27. Do you have any other comments?

28. If you would like to be notified when the report from this research is availables pleagde
your email address.
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APPENDIX V

DEMANDS USED FOR DEVELOPING MASTER PLANS B AND C

Table 99 List of potential end users considered for development of master plans
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Estimate Combine Sport and
Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(MLYy) y Facilities
BELCONNEN
Facility managed
by Department of
Education and
Training. No
guarantee that
the facility would
continue to be
Fraser irrigated under
Neighborhood School Based
Fraser Oval 40 1 1.3 8.3 1.9 12.1 Management.
Facility not
suitable for
sporting
Fraser Primary competition
School 40 2 0.6 3.8 purposes.
Charnwood
Neighborhood
Charnwood 1 Oval 118 2 1.1 7.1 2.8 17.9
Facility not
suitable for
sporting
Charnwood competition
Primary School 93 1 1.7 10.8 purposes.
Charnwood
District Playing
Charnwood 2 Fields 112 14 8.5 53.8 10.5 66.8
Facility not
suitable for
St ThomaS Sporting
Aquinas competition
Primary School 97 14 2.0 12.9 purposes.
Macgregor
Neighborhood
Macgregor Oval 58 11 1.7 10.8 3.1 19.7
Facility not
suitable for
sporting
Macgregor competition
Primary School 81 3 1.4 8.9 purposes.
Holt
Neighborhood
Holt Oval 13 1 15 9.5 15 9.5
Kippax District
Kippax Playing Fields 50/51 51-53/47 14.1 89.5 174 110.5
Facility not
West suitable for
Belconnen sporting
Regional competltlon
School 48 1 2.0 12.7 purposes.
Facility not
suitable for
sporting
Cranleigh competition
School 49 1 1.3 8.3 purposes.
Higgins
Neighborhood
Higgins Oval 10 19 2.4 15.2 24 15.2
Latham
Neighborhood
Latham Oval 29 5 3.1 19.7 4.0 25.4
Facility not
suitable for
sporting
Latham competition
Primary School 30 2 0.9 5.7 purposes.
Facility not
suitable for
Apostle competition
Florey 1 Primary School 12 1 0.7 4.7 1.9 12.3 purposes.
Priority 2 facility
St Francis detailed in All
Xavier College 1 1 1.2 7.6 Dried Up report.
Florey
Neighborhood
Florey 2 Oval 143 32 1.7 10.9 2.0 12.8
Facility not
suitable for
sporting
Florey Primary competition
School 143 31 0.3 1.9 purposes.




Estimate Combine Sport and
Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
Page v
Neighborhood
Page Oval 1 5 1.9 12.1 1.9 12.1
Scullin v
Neighborhood
Scullin Oval 15 5 3.2 20.3 5.1 32.4
Facility not
suitable for
SOUthern Sporting
Cross Primary competition
School 13 1 1.9 12.1 purposes.
George v
Simpson Park
Flynn (Flynn Oval) 18 6 2.2 14.0 2.2 14.0
Spence v
Neighborhood
Spence Oval 21 1 3.1 19.7 3.1 19.7
Facility not
suitable for
sporting
Copland competition
Melba 1 College 25 1 0.1 0.6 5.5 34.9 purposes.
Melba
Neighborhood
Oval 61 1 2.0 12.7
Facility not
suitable for
Mt Rogers sporting
Community competition
School 44 1 3.4 21.6 purposes.
Melba District
Melba 2 Playing Fields 26 5 4.6 29.2 9.2 58.4
Facility not
suitable for
sporting
Melba High competition
School 27 1 4.6 29.2 purposes.
Evatt
Neighborhood
Evatt 1 Oval 12 1 2.1 13.3 3.6 22.9
Facility not
suitable for
sporting
Evatt Primary competition
School 11 1 15 9.5 purposes.
Facility not
suitable for
sporting
Miles Franklin competition
Evatt 2 Primary School 82 1 15 9.5 3.0 18.9 purposes.
Priority 3 facility
St Monicas detailed in All
Primary School 86 5 0.4 2.4 Dried Up report.
Facility managed
by Department of
Education and
Training. No
guarantee that
the facility would
continue to be
irrigated under
South West School Based
Evatt Oval 89 3 1.1 7.0 Management.
Belconnen v
McKellar Soccer Club 71 14 0.9 5.7 3.0 19.0
McKellar v
Neighborhood
Oval 53 2 2.1 13.3
Giralang v
District Playing
Giralang Fields 85 19 6.8 43.2 7.9 50.2
Facility not
suitable for
sporting
Giralang competition
Primary School 80 4 1.1 7.0 purposes.
Belconnen
Hawker Bowling Club 3 1 04 2.6 13.8 87.3
Facility not
suitable for
sporting
Belconnen competition
High School 5 1 3.3 21.0 purposes.
Facility not
suitable for
sporting
Hawker competition
College 2 1 0.3 1.9 purposes.
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Estimate Combine Sport and
Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
Hawker District v
Playing Fields 3 11-Dec 8.7 55.2
Potential site for
Synthetic Grass
Pilot Project. ﬁfi;;g}gd
Seed funding of area of 1.0
$234,300 has ha. This r'nay
been provided to v be reduced
Capital qutb_all. by Synthetic
I(ilkc;r?;ttrélctlon IS Grqss Pilot
Hawker commence in Project
Enclosed Oval 38 20 1.0 6.6 20009.
Hawker
Primary School 22 9
Weetangera v
Neighborhood
Weetangera Oval 20 3 2.6 16.5 4.5 28.6
Facility not
suitable for
sporting
Weetangera competition
Primary School 20 5 1.9 12.1 purposes.
Facility managed
by Department of
Education and
Training. No
guarantee that
the facility would
. continue to be
Macquarie irrigated under
Neighborhood School Based
Macquarie Oval 19 24 2.6 16.5 4.1 26.0 Management.
Facility not
suitable for
sporting
Macquarie competition
Primary School 18 2 15 9.5 purposes.
Not applicable to
Sport and
Recreation
Macquarie/Belconnen | Benjamin Way - - 2.6 16.6 8.9 56.8 Services
Priority 2 facility
Canberra High detailed in All v
School 52 5 2.7 17.1 Dried Up report.
Eastern Valley
Oval v
(Belconnen
Oval) 150 2 1.6 104
Jamison v
Enclosed Oval 54 1 2.0 12.7
Not applicable to
Sport and
Emu Bank Recreation
Belconnen Park 149 14 1.4 8.9 1.4 8.9 Services
Cook v
Neighborhood
Cook Oval 13 12 2.1 13.3 2.1 13.3
Aranda District v
Aranda Playing Fields 1 24 8.4 53.1 9.1 57.6
Facility not
suitable for
sporting
Aranda competition
Primary School 1 2 0.7 4.4 purposes.
AIS Multi- v
Purpose
AIS Playing Fields 8 37 1.7 10.8 5.6 35.2
AIS Soccer v
Fields 8 37 1.8 114
AIS Track and v
Field Facility 8 26 1.0 6.0
Sand based field,
water demand
requirements v
Canberra may need to be
Stadium 8 26 1.1 7.0 adjusted.
ActewAGL v
Bruce Park 9 4 1.4 8.9 4.0 25.6
Licensed to
take 10 ML
surface
water. The
v demand
shown here
(16.7 ML)
represents
Radford unmet
College 4 9 2.6 16.7 demand.
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Estimate Combine Sport and
Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
University of University of
Canberra Canberra 3 1 4.5 28.6 4.5 28.6
Kaleen South
Kaleen 1 Oval 149 9 3.0 19.1 3.8 24.1
Facility not
suitable for
. sporting
Maribyrnong competition
Primary School 120 1 0.8 5.1 purposes.
Kaleen District
Kaleen 2 Playing Fields 117 26 7.4 47.0 12.4 78.7
Kaleen
Enclosed Oval 117 25 3.2 20.3
Facility not
suitable for
sporting
Kaleen High competition
School 101 1 1.8 114 purposes.
Kaleen North
Kaleen 3 Oval 76 4 3.2 20.3 5.0 31.8
Facility not
suitable for
sporting
Kaleen competition
Primary School 45 1 0.9 5.7 purposes.
Facility not
suitable for
sporting
St Michaels competition
Primary School 60 1 0.9 5.7 purposes.
TOTAL 171.2 1087.1 171.2 1087.1
GUNGAHLIN
SRS plans to
have a new
sportsground v
*Crace constructed in
*Crace Miscellaneous 0 588 5.0 31.8 5.0 31.8 Crace in 2009/10.
Club does have Licensed to
some capacity to take 149 ML
capture (35 ground,
stormwater in a 114
number of dams. surface).
The demand
v shown here
(137 ML) is
estimated
demand not
met by
Gold Creek 85/86/88/8 | 2/14/11/21 existing
Gold Creek Country Club 9 -22 21.5 136.8 215 136.8 license.
captures
water in dam
Burgmann v may be
Anglican unlicensed
Gungahlin School 20 1&2 2.5 15.6 2.5 15.6 irrigation
Facility not
suitable for
School competition
Nicholls (Senior) 78 11 0.6 3.8 6.6 41.9 purposes.
Nicholls v
Neighborhood
Oval 73 3 2.0 12.7
The Perce
Douglas v
Memorial
Playing Fields 78 8 4.0 25.4
Ngunnawal v
Neighborhood
Ngunnawal Oval 134 75 2.0 12.7 2.2 14.0
Facility not
suitable for
sporting
Ngunnawal competition
Primary School 134 74 0.2 1.3 purposes.
Amaroo
District Playing
Amaroo Fields 109 1 7.0 44.5 9.1 57.8
Facility not
suitable for
sporting
Amaroo competition
School 93 3 2.1 13.3 purposes.
Facility not
suitable for
Palmerston sporting
District Primary competition
Palmerston School 154 12 0.1 0.6 2.5 15.9 purposes.

303




Estimate Combine Sport and
Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
Palmerston v
Neighborhood
Oval 154 7 2.4 15.2
SRS plans to
have a new
sportsground v
constructed in
*Throsby Throsby by
*Throsby Sportsgrounds 0 718 8.0 50.8 8.0 50.8 2010/11.
Construction of 3
sportsgrounds at
] Harrison will be v
*Harrison completed in
*Harrison Sportsgrounds 2 11&13 7.0 44.5 7.0 44.5 2008/09.
Not applicable to Licensed to
Sport and take 13ML
Recreation surface and
Services. groundwater.
This demand
shown here
(82 ML) is
estimated
demand not
) met by
Gungahlin existing
Gungahlin Cemetery Cemetery 39 5 13.0 82.3 13.0 82.3 license.
Yerrabi Pond
Yerrabi District Park 181 1 6.0 38.0 6.0 38.0
Belconnen
Dog
Obedience Y
Mitchell Club 0 601 0.9 5.7 2.2 13.7
Canberra
Harness v
Racing Club
Training Track 0 765 1.3 8.1
TOTAL 85.5 542.9 85.5 542.9
NORTH CANBERRA
Canberra
Harness v
Racing Club
EPIC Racing Track 72 5 1.4 8.7 6.1 38.5
Exhibition Park v
in Canberra
(EPIC) 72 5 4.4 27.9
ACT Canine v
Association 0 466 0.3 1.9
Synthetic grass
National pitches that v
Lyneham 1 Hockey Centre 59 42 1.8 114 2.474 15.7099 require irrigation.
Low water
demand can be
addressed
through other
Tennis ACT 64 6 0.7 4.3 sources.
Facility not
suitable for
sporting
Lyneham High competition
Lyneham 2 School 47 2 2.7 171 4.1 26.035 purposes.
Lyneham
Neighborhood
Oval 41 19 1.2 7.6
Facility not
suitable for
sporting
Lyneham competition
Primary School 41 18 0.2 1.3 purposes.
Daramalan
Dickson College 34 1 1.4 9.1 2.1 13.6
Low water
demand can be
) ) addressed
Majura Tennis through other
Centre 72 17 0.7 4.4 sources.
Facility not
suitable for
Emmaus sporting
Christian competition
Dickson/Ainslie School 17 4 1.0 6.0 4.8 30.2 purposes.
Facility not
suitable for
sporting
North Ainslie competition
Primary School 43 1 1.3 8.3 purposes.
Daramalan
College sub lease v
Hawdon St this facility from
Oval 73 3 25 15.9 ACT
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Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
Sportsgrounds.
Downer v
Neighborhood
Downer Oval 73 2 3.4 21.6 3.4 21.59
Facility not
suitable for
. sporting
Dickson competition
Watson/Dickson College 76 1 0.2 1.3 10.067 63.92545 | purposes.
Dickson v
District Playing
Fields 76 4 8.8 55.9
Facility not
suitable for
sporting
Rosary competition
Primary School 49 3 1.1 6.8 purposes.
Hackett v
Neighborhood
Hackett Oval 12 15 2.3 14.6 2.3 14.605
Facility not
suitable for
) ) sporting
Majura Primary competition
Watson School 31 15 0.7 4.4 1.8 11.43 purposes.
Watson v
Neighborhood
Oval 21 8 1.1 7.0
Sand based field,
water demand
requirements v
Ainslie Football may need to be
Ainslie Park 26 19 1.9 12.1 1.9 12.065 adjusted.
Facility not
suitable for
O'COI‘II‘]OI’ CO' sporting
operative competition
O'Connor 1 School 89 4 0.3 1.9 1.0602 6.73227 purposes.
Facility not
suitable for
sporting
St Joseph's competition
Primary School 78 1 0.8 4.8 purposes.
Facility not
suitable for
Black ) sporting
Mountain competition
O'Connor 2 School 84 55 0.1 0.6 0.1 0.635 purposes.
Not applicable to
Sport and
Corroboree 7.0235393 Recreation
Ainslie/Braddon Park 79 3 2.7 17.1 7 44.599475 | Services
Already
licensed to
take 2 ML
groundwater.
Demand
shown here
v (4.2 ML) is
estimated
demand not
currently met
by non
potable
Merici College 11 1 0.7 4.2 water.
Facility not
suitable for
sporting
Ainslie Primary competition
School 31 1 3.0 19.1 purposes.
Low water
demand can be
addressed
Braddon through other
Tennis Club 24 15 0.3 1.6 sources.
Canberra City v
Bowling Club 25 16 0.4 2.6
Canberra
North Bowling v
Turner Club 66 2 0.4 2.5 2.7 17.145
Facility not
suitable for
sporting
Turner Primary competition
School 67 16 2.3 14.6 purposes.
ANU Fellows v
ANU Oval 39 1 0.1 0.6 2.1 13.335
ANU South v
Oval 39 1 2.0 12.7
Not applicable to
Acton Park Sport and
(Ferry Recreation
Acton Terminal) 33 22 0.2 1.3 0.2 1.27 Services
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Estimate d Combined d Demand Sport and Recreation
Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
Not applicable to
Sport and
Recreation
City Glebe Park 65 2 0.1 0.6 0.1 0.635 Services
Not applicable to
Sport and
Australian War Recreation
Campbell Memorial 39 1 4.2 26.7 8.6 54.61 Services
Facility not
suitable for
sporting
Campbell High competition
School 38 2 2.2 14.0 purposes.
Not Applicable to
Sport and
ADFA Parade Recreation
ADFA Ground 64 1 2.2 14.0 Services
TOTAL 60.9 386.6 61 387
TUGGERANONG
Low water
demand can be
Tuggeranong addressed
Vikings BMX through other
Kambah 1 Club 199 5 0.0 0.2 0.0 0.2 sources.
Kambah v
District Playing
Kambah 2 Fields (1) 115 12 8.5 54.0 8.5 54.0
Kambah v
District Playing
Kambah 3 Fields (3) 353 10 7.4 47.0 8.1 51.4
Facility not
suitable for
sporting
Taylor Primary competition
School 353 1 0.7 4.4 purposes.
Kambah v
District Playing
Kambah 4 Fields (2) 286 30 12.0 76.2 14.0 88.9
Not applicable to
Sport and
Kambah Park Recreation
Fitness Track 286 26 1.2 7.6 Services
Facility not
suitable for
sporting
Urambi competition
Primary School 239 1 0.8 5.1 purposes.
Wanniassa v
District Playing
Wanniassa 1 Fields 140 1 29 184 10.2 64.8
Wanniassa v
North Playing
Fields 202 5 3.8 24.1
Facility not
. suitable for
Wanniassa sporting
School Junior competition
Campus 142 1 0.8 5.1 purposes.
Facility not
. suitable for
Wanr"assa Sporting
School Senior competition
Campus 141 1 2.7 17.1 purposes.
Facility not
. suitable for
Wanniassa sporting
Hills Primary competition
Wanniassa 2 School 253 1 1.7 10.8 1.7 10.8 purposes.
Priority 2 facility
Erindale detailed in All v
Wanniassa 3 College 180 8 0.9 5.7 3.2 20.6 Dried Up report.
Priority 2 facility
Mackillop de_tailed in All
Catholic Dried Up report. v
College -
Wanniassa 125 8 2.3 14.9
Trinity
Christian )
Wanniassa 4 School 117 5
Facility managed
by Department of
Education and
Training. No
guarantee that
the facility would
Monash continue to be
Neighborhood irrigated under
Monash Oval 171 1 1.4 8.6 1.9 11.7 School Based
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Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
Management.
Facility not
suitable for
sporting
Monash competition
Primary School 171 1 0.5 3.2 purposes.
Facility managed
by Department of
Education and
Training. No
guarantee that
the facility would
Fadden continue )t/o be
Neighborhood irrigated under
Oval/Primary School Based
Fadden School 335 1 2.3 14.6 2.3 14.6 Management.
Gowrie District
Gowrie Playing Fields 228 12 5.5 34.9 8.1 51.4
Facility not
suitable for
sporting
Gowrie competition
Primary School 229 3 1.1 7.0 purposes.
Facility not
suitable for
sporting
Holy Family competition
Primary School 226 15 1.5 9.5 purposes.
Chisholm
District Playing
Fadden/Chisholm Fields 575 15 6.0 38.1 8.1 51.4
Not applicable to
Sport and
Fadden Pines Recreation
District Park 353 11 2.1 13.3 Services
Facility not
. suitable for
Caroline sporting
Chisholm High competition
Chisholm School 567 2 0.9 5.7 2.8 175 purposes.
Chisholm
Neighborhood
Oval 549 1 1.3 7.9
Facility not
suitable for
sporting
Chisholm competition
Primary School 550 1 0.6 3.8 purposes.
Gilmore
Neighborhood
Gilmore Oval 58 6 1.6 9.8 1.9 11.7
Facility not
suitable for
sporting
Gilmore competition
Primary School 58 7 0.3 1.9 purposes.
Tuggeranong v
Valley Lawn
Greenway 1 Bowls 46 5 0.5 3.0 0.5 3.0
Tuggeranong v
Dog Training
Greenway 2 Club 46 9 0.3 2.1 24 15.4
Sand based field,
Tuggeranong wate_r demand
Enclosed Oval requirements v
(Greenway may need to be
Oval) 46 12 2.1 13.3 adjusted.
Isabella Plains v
Neighborhood
Isabella Plains Oval 856 40 2.8 17.7 5.8 36.6
Facility not
suitable for
sporting
Isabella Plains competition
Primary School 856 41 0.8 5.1 purposes.
Facility not
Mackillop suitable for
Catholic sporting
College - competition
Isabella Plains 877 16 2.2 13.9 pUTpOSes.
Bonython
Neighborhood
Bonython Oval 21 3 2.1 13.3 2.6 16.5
Facility not
Bonython suitable for
Primary School 21 4 0.5 3.2 sporting
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Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
competition
purposes.
Richardson
Richardson Oval 494 1 1.3 8.3 1.4 8.9
Facility not
suitable for
sporting
Richardson competition
Primary School 452 2 0.1 0.6 purposes.
Calwell 1 Calwell Oval 701 2 2.0 12.7 3.2 20.3
Facility not
suitable for
sporting
Covenant competition
College 476 1 1.2 7.6 purposes.
Facility not
suitable for
sporting
Calwell competition
Calwell 2 Primary School 751 21 1.6 10.2 1.7 10.8 purposes.
Not applicable to
Sport and
Were St Recreation
Parkland 787 28 0.1 0.6 Services
Calwell District
Calwell 3 Playing Fields 798 17 11.0 69.9 12.4 78.7
Facility not
suitable for
sporting
Calwell High competition
School 795 11 0.7 4.4 purposes.
Facility not
. suitable for
Assisi Primary competition
School 796 16 0.7 4.4 purposes.
Theodore Theodore Oval 666 1 1.3 8.3 2.9 184
Facility not
suitable for
sporting
Theodore competition
Primary School 668 3 1.6 10.2 purposes.
Facility not
suitable for
sporting
Gordon competition
Gordon Primary School 410 15 1.0 6.4 3.4 21.6 purposes.
Not applicable to
Sport and
Point Hut Pond Recreation
District Park 563 2 24 15.2 Services
Facility not
suitable for
Chal’|es Sporting
Conder competition
Conder Primary School 286 2 0.8 5.1 10.1 64.0 purposes.
Facility not
suitable for
Conder Sporting
Neighborhood competition
Oval 286 3 2.1 13.3 purposes.
Facility not
suitable for
) sporting
Lanyon High competition
School 212 10 0.6 3.8 purposes.
Facility not
suitable for
St Clare of Sporting
Assisi Primary competition
School 212 12 0.1 0.5 purposes.
Block Number
was incorrect —
changed from 14
to 18. Sport and
Recreation Entitlement
Services is v for surface
already looking at water, used
irrigating these to pump
grounds through from Point
a connection that Hut until
Gordon District already exists at infrastructur
Playing Fields 410/211 18/13 6.5 41.3 Point Hut Pond. e failed
Banks Banks Oval 12 20 2.8 17.8 2.8 17.8 Y
TOTAL 119.9 761.1 119.9 761.1
JERRABOMBERRA
Already
licensed to
take 6 ML
v groundwater.
Demand
Canberra shown here
Greyhound (63 ML) is
Symonston Racing Club 107 2 10.0 63.7 10.0 63.7 estimated
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Designation Individual Section Block d Demand, Demand for Recreation Services Additional
(Cluster Name) End uses Demand 2030 for Cluster Cluster Services (SRS) (SRS) Comments
(ha) Climate (ha) (ML) Comments Priority
(ML1y) Y Facilities
demand not
currently met
by non
potable
water.
TOTAL 10.0 63.7 10.0 63.7
SOUTH CANBERRA
Narrabundah v
Neighborhood
Narrabundah 1 Oval 124 7 1.5 9.5 1.9 12.1
Facility not
suitable for
sporting
Narrabundah competition
Primary School 124 6 0.4 2.5 purposes.
Narrabundah 2 Mill Creek Oval 34 38 2.2 14.0 2.2 14.0 v
Jerrabomberra v
Narrabundah 3 Sports Ground 64 4 3.6 22.5 6.0 38.4
Facility not
suitable for
sporting
Narrabundah competition
College 87 1 1.8 114 purposes.
Facility not
suitable for
sporting
St Benedicts competition
Primary School 88 21 0.7 4.4 purposes.
Boomanulla v
Narrabundah 4 Oval 34 22 2.0 12.7 14.6 92.9
Errol
Kavanagh v
Memorial Oval 34 26 5.5 34.9
Sand based field,
water demand
requirements v
Narrabundah may need to be
Ball Park 34 32 1.0 6.4 adjusted.
Already
licensed to
take 15 ML
surface
water.
Demand
v shown here
(39 ML) is
estimated
demand not
currently met
by non
Narrabundah potable
Pitch n Putt 34 34 6.1 39.0 water.
Facility not
suitable for
sporting
Red Hill competition
Red Hill Primary School 27 11 0.4 2.5 0.6 3.9 purposes.
Low water
demand can be
addressed
Red Hill Tennis through other
Club 27 20 0.2 1.3 sources.
Already
licensed to
take 4 ML
ground
water.
Demand
v shown here
(27 ML) is
estimated
demand not
currently met
by non
Canberra potable
Red Hill/Griffith Grammar 6 1 4.3 275 6.1 38.9 water.
Flinders Park v
(Flinders Oval) 88 29 1.8 114
Already
licensed to
take 5 ML
ground
water.
Demand
v shown here
(7.7 ML) is
estimated
demand not
currently met
by non
potable
Griffith 1 Kingston Oval 22 9 1.2 7.7 3.1 19.8 water.
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St Clares v
College 29 1 1.9 12.1
Canberra South
Bowling Club
Canberra ceased
South Bowling operations earlier
Griffith 2 Club 42 15 0.4 2.5 2.4 15.2 this year.
Low water
demand can be
addressed
Flinders through other
Tennis Club 42 10 0.5 3.2 sources.
Griffith Oval 42 17 0.8 5.1 v
Griffith Oval v
No. 2 42 17 0.7 4.4
Barton/Griffith Manuka Oval 15 15 2.0 12.7 4.7 29.8 Y
Facility not
suitable for
sporting
Telopea Park competition
Primary School 29 1 2.7 17.1 purposes.
Forrest Bowling Club 12 3 0.3 2.0 0.9 5.8
Facility not
suitable for
sporting
Forrest competition
Primary School 13 1 0.6 3.8 purposes.
Not applicable to
Sport and
Parliament Recreation
Capital Hill House 1 2 32.0 203.2 32.0 203.2 Services
Not applicable to
Sport and
Parliamentary Recreation
Parkes Triangle 58 1 120.0 762.0 120.0 762.0 Services
Facility not
. suitable for
Canberra Girls sporting
Grammar competition
Deakin 1 Junior Campus 49 15 0.5 3.2 2.5 15.9 purposes.
Ground has
recently been
totally refurbished v
by the Canberra
Deakin Deakin Soccer
Enclosed Oval 36 16 2.0 12.7 Club.
Canberra Girls Priority 2 facility
Grammar detailed in All
Senior Dried Up report. v
Deakin 2 Campus 9 Jan-19 0.6 3.5 0.7 4.1
Not applicable to
Sport and
Recreation
Latrobe Park 45 14 0.1 0.6 Services
Deakin West v
District Playing
Deakin 3 Fields 68 13/23 10.8 68.6 14.0 88.9
Mint Oval 65 4 3.2 20.3 v
Facility not
suitable for
sporting
Alfred Deakin competition
Deakin 4 High School 35 76 15 9.5 2.3 14.6 purposes.
Facility not
suitable for
sporting
The Woden competition
School 35 21 0.5 3.2 purposes.
West Deakin v
Hellenic
Bowling Club 35 28 0.3 1.9
Canberra v
Yarralumla 1 Croquet Club 40 7 0.3 1.9 6.0 38.1
Not applicable to
Sport and
Recreation
Flynn Place - - 0.5 3.2 Services
Not applicable to
Sport and
Lennox Recreation
Gardens 42 10 5.2 33.0 Services
Facility not
Canberra suitable for
Southern sporting
Cross Club - competition
Yarralumla 2 Yacht Club 42 10 0.2 1.4 0.2 1.4 purposes.
Yarralumla v
Neighborhood
Yarralumla 3 Oval 82 13 25 15.9 2.8 18.0
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Facility not
suitable for
sporting
Yarralumla competition
Primary School 82 12 0.1 0.6 purposes.
Low water
demand can be
addressed
Yarralumla through other
Tennis Club 53 1 0.2 1.5 sources.
Yarralumla 4 Forestry Oval 4 4 15 9.5 1.5 9.5
TOTAL 224.7 1426.6 224.7 1426.6
WODEN VALLEY
North Curtin v
District Playing
Curtin 1 Fields 106 13 6.6 41.7 6.6 41.7
Facility not
suitable for
sporting
Curtin Primary competition
Curtin 2 School 60 1 0.7 4.4 2.5 15.6 purposes.
South Curtin v
Neighborhood
Oval 60 4 1.8 11.2
Clarrie Hermes v
Hughes Park 28 7 3.6 22.9 4.2 26.7
Facility not
suitable for
sporting
Hughes competition
Primary School 35 34 0.6 3.8 purposes.
Facility not
suitable for
sporting
Malkara competition
Garran School 8 45 0.8 51 15 9.4 purposes.
Facility not
suitable for
Paul Primary competition
School 8 40 0.7 4.3 purposes.
Facility not
Canberra suitable for
College sporting
Woden competition
Phillip 1 Campus 79 7 1.0 6.4 75 47.9 PUTpOSEs.
The Southern
Cross Bowls Club
lease expires in
20010 and the
site has been
sold off to a
developer. The
developer has
Canberra given no
Southern indication that it
Cross Club - will maintain a
Bowling bowls facility in
Greens 24 4 1.4 8.6 the precinct.
Phillip Oval v
Football Park 23 9 25 15.9
Already
licensed to
take 4.5 ML
ground
water.
Demand
v shown here
(17 ML) is
estimated
demand not
currently met
by non
Pitch & Putt potable
Golf Course 79 4 2.7 17.1 water.
Lyons v
Neighborhood
Lyons Oval 55 9 2.7 17.1 3.5 22.2
Facility not
suitable for
) sporting
Lyons Primary competition
School 41 5 0.8 5.1 purposes.
Not applicable to
Sport and
Recreation
Phillip 2 Arabanoo Park 80 36 11 7.0 8.5 53.9 Services
Not applicable to Already
Sport and licensed to
Recreation take 2 ML
Services surface
water.
Eddison Park 131 7 1.4 8.8 Demand
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shown here
(9 ML) is
estimated
demand not
currently met
by non
potable
water.
Woden Athletic
Field 131 5 1.8 114
Not applicable to
Sport and
Woden Recreation
Cemetery 109 1 4.0 254 Services
Not applicable to
Sport and
Woden Town Recreation
Park 80 24 0.2 1.3 Services
Garran
Neighborhood
Phillip/Garran Oval 33 9 2.4 15.0 7.3 46.4
Facility not
suitable for
sporting
Garran competition
Primary School 33 1 0.7 4.4 purposes.
Phillip v
Enclosed Oval 1 13 2.6 16.5
Phillip Playing v
Fields 1 6 1.7 10.5
Facility not
suitable for
Canberra Sporting
Christian competition
Mawson School 17 2 0.4 2.2 4.6 28.9 purposes.
Mawson
Neighborhood
Oval 17 5 3.0 19.1
Facility not
suitable for
sporting
Mawson competition
Primary School 17 5 1.2 7.6 purposes.
Pearce 1 Marist College 49 16 6.0 38.1 10.6 67.3
Facility not
suitable for
sporting
competition
Melrose High 49 1 2.0 12.7 purposes.
Pearce
Neighborhood
Oval 27 16 2.6 16.5
Facility not
suitable for
sporting
Sacred Heart competition
Pearce 2 Primary School 43 2 0.4 24 0.4 2.4 purposes.
Mawson v
District Playing
Torrens/Mawson Fields 47 25 10.5 66.7 14.4 91.4
Torrens v
Neighborhood
Oval 20 15 25 15.9
Facility not
suitable for
sporting
Torrens competition
Primary School 22 13 1.4 8.9 purposes.
Farrer v
Neighborhood
Farrer Oval 25 3 2.9 18.2 3.8 23.9
Facility not
suitable for
sporting
Farrer Primary competition
School 33 2 0.9 5.7 purposes.
TOTAL 75.2 477.7 75.2 477.7
WESTON CREEK
Chapman v
Neighborhood
Chapman Oval 13 1 29 18.2 4.7 29.6
Facility not
suitable for
sporting
Primary School 12 4 1.8 11.4 purposes.
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Facility not
suitable for
sporting
Arawang competition
Waramanga Primary School 39 1 1.4 8.9 9.3 59.0 purposes.
Facility not
suitable for
St John sporting
Vianneys competition
Primary School 44 4 0.3 1.9 purposes.
Facility not
suitable for
sporting
Stromlo High competition
School 45 1 1.8 114 purposes.
Waramanga
District Playing
Fields 46 7 5.8 36.8
Facility not
Canberra suitable for
College sporting
Weston competition
Stirling Campus 24 2 0.4 2.6 10.3 65.3 PUTpOSES.
Changed Block
Number from 88
to 91. Block 88 v
Stirling District does not exist on
Playing Fields 24 91 9.6 61.0 ACTMAPI.
Weston Creek v
Bowling Club 24 5 0.3 1.8
Rivett v
Neighborhood
Rivett Oval 27 4 3.3 21.0 3.3 21.0
Holder v
Neighbourhoo
Holder d Oval 23 1 2.5 15.9 25 15.9
Duffy v
Neighborhood
Duffy Oval 54 1 2.5 15.9 3.7 23.5
Facility not
suitable for
sporting
Duffy Primary competition
School 23 2 1.2 7.6 purposes.
Holder/Weston Weston Oval 22 3 2.0 12.7 2.0 12.7
Not applicable to Already
Sport and licensed to
Recreation take 6 ML
Services ground
water.
Demand
shown here
Canberra (11 ML) is
. estimated
Institute of demand not
Technology & currently not
Horticultural met by non
School Weston potable
Weston Campus 96 6 1.8 111 1.8 111 water.
Not applicable to
Australian Sport and
Defence Recreation
*North Weston College 0 1212 1.0 6.4 5.4 34.3 Services
Not applicable to
Sport and
*Weston Pond Recreation
Surrounds 0 1204 4.4 27.9 Services
Not applicable to
*Molonglo 1 Sport and
Neighborhood Recreation
*Molonglo Oval 0 1171 2.3 14.6 2.3 14.6 Services
Not applicable to Already
Sport and licensed to
Recreation take 80 ML
Services groundwater.
Demand
shown here
(150 ML) is
estimated
demand
currently not
met by non
National Zoo potable
National Zoo and Aquarium 0 1496 23.6 150.0 23.6 150.0 water.
Not applicable to Already
Sport and licensed to
Recreation take 10 ML
Services groundwater.
Demand
shown here
is estimated
Canberra demand
International currently not
Arboretum and met by non
Arboretum Gardens 0 1544 180.0 1143.0 180.0 1143.0 potable
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water.
TOTAL 248.8 1580.0 248.8 1580.0
GRAND TOTAL 996 6326 996 6326
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Table 100: End uses already met by non-potable Water Sources

Non Potable Water Source

CSIRO CSIRO Current Remaining Sport and
- c o2 : Estimated Non Estimated : Recreation Water Resources Surface Ground Recycled Not
Individual End =) 3] Estimated Sport and Recreation ; : :
LUSes *g ks Demand Dema_nd, potable Unmet Services (SRS) Comments Serwcgs_ Comments (licences Water Water Water applicable
%) o (ha) 2030 Climate supply Demand (SRS) Priority to take water) ML/y ML/y ML/y (MLYy)
(ML/y) (MLYy) (MLYy) Facilities
BELCONNEN
The Belconnen Golf Club
irrigation demands are met
through access to water from Not Aoplicable The Belconnen Golf
the Lower Molonglo Water P Club holds a License to
Magpies Belconnen 11 Quality Control Centre take (ground) Water
Golf Club 99 12 52.2 331.5 331.5 0.0 (LMWQCCQC). 6ML 6.0 325.5
Margaret Timpson Not applicable to Sport and PCL License to take
Park 54 42 14 8.9 9.0 0.0 Recreation Services water 9ML 9.0
. PCL license to take
John Knight Notsppllce%[ble tg Sport and water from Lake
Memorial Park 65 | 33 35 22.2 35.0 0.0 ecreation services Ginninderra 35ML 35.0
87 7
156 | 12 Not applicable to Sport and PCL Nengi Bamir
Diddams Close 159 1 Recreation Services Beach License to take
Park 167 4 1.6 10.2 35.0 0.0 water 20ML 35.0
license to take surface
Radford College 4 9 4.2 26.7 10.0 16.7 water 10ML 10.0
Calvary Retirement
Community 4 20 0.2 1.0 1.0 0.0 1.0
TOTAL 63.1 400.4 421.5 16.7 - 90.0 6.0 325.5 0.0
GUNGAHLIN
2
85 14 Club does have some capacity License to take surface
86 11 to capture stormwater in a v and groundwater
Gold Creek Country | 88 | 21- number of dams. 126ML now
Club 89 22 45.0 285.8 149.0 136.8 149total,35ground 114.0 35.0
Large dam capacity and
1 harvests stormwater from local v License to take surface
Gungahlin Lakes 177 2 area. Club also has a bore 309ML and sub limit
Golf Club 84 1 45.0 285.8 309.0 0.0 license. groundwater 80ML 229.0 80.0
Yerrabi Pond .
District Park 181 1 11.5 73.0 35.0 38.0 35.0
captures water in dam
Burgmann Anglican 1 v may be unlicensed
School 20 2 2.5 15.6 0.0 15.6 irrigation No info yet
Land Development | 31 1 .
Agency 32 1 n/a 0.0 16.0 0.0 16.0
66 1
Land Development | 69 1 .
Agency 70 1 n/a 0.0 5.0 0.0 5.0
2 18
30 1
57 3 .
Land Development | 58 1
Agency 73 1 n/a 0.0 95.0 0.0 95.0
Forde 5 1 n/a 37.0 37.0 0.0 - 37.0
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Non Potable Water Source
CSIRO CSIRO Current Remaining Sport and
- c o2 : Estimated Non Estimated : Recreation Water Resources Surface Ground Recycled Not
Individual End =) 3] Estimated Sport and Recreation ; : :
LUSes *g ks Demand Dema_nd, potable Unmet Services (SRS) Comments Serwcgs_ Comments (licences Water Water Water applicable
%) o (ha) 2030 Climate supply Demand (SRS) Priority to take water) ML/y ML/y ML/y (MLYy)
(MLYy) (MLYy) (MLYy) Facilities
Developments
Gungahlin Not applicable to Sport and license to take surface
Cemetery 39 5 15.0 95.3 13.0 82.3 Recreation Services. and groundwater 13ML 13.0
Capital Linen Not applicable to Sport and
Service 16 1 36.5 231.8 0.0 231.8 Recreation Services. 231.8
ACT no-waste 654 n/a 0.0 5.0 0.0 5.0
TOTAL 155.5 1024.1 664.0 504.4 - 549.0 115.0 0.0 231.8
NORTH CANBERRA
Thoroughbred Park
- Canberra Racing v License to take
Club 69 9 6.4 40.6 49.0 0.0 (surface) water 49ML 49.0
Irrigation requirements include
the golf course and 2 lawn
bowling greens. Use dams to v License to take surface
harvest stormwater. Has license 280ML and
Yowani Country 2 to use Sullivans Creek groundwater 35ML
Club 67 4 50.0 317.5 280.0 37.5 stormwater. sublimit 245.0 35.0
Irrigation demands are already
Southwell Park met by Southwell Park Not Applicable
Sportsgrounds 59 38 9.0 57.2 57.2 0.0 Watermining Project. 57.2
. ANU Fenner Hall
Northbourne Notsppllce%[ble tg Sport and braddon 1.5ML
Avenue 26 | 4 05 3.2 3.2 0.0 ecreation Services Groundwater 15 1.7
Irrigation demands are met by
Majura Enclosed North Canberra Water Reuse Not Applicable
Oval 38 5 1.6 10.2 10.2 0.0 Scheme (NCWRS). 10.2
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
Majura Oval 38 2 2.5 15.9 15.9 0.0 Scheme (NCWRS). 15.9
Irrigation demands are met by
O'Connor Enclosed North Canberra Water Reuse Not Applicable
Oval 39 4 1.7 10.8 10.8 0.0 Scheme (NCWRS). 10.8
Irrigation demands are met by
O'Connor District North Canberra Water Reuse Not Applicable
Playing Fields 39 4 4.3 27.3 27.3 0.0 Scheme (NCWRS). 27.3
v License to take
Merici College 11 1 1.0 6.2 2.0 4.2 (ground) water 2ML 2.0
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
Northbourne Oval 30 6 1.6 10.2 10.2 0.0 Scheme (NCWRS). 10.2
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
ANU North Oval 25 1 2.0 12.7 12.7 0.0 Scheme (NCWRS). 12.7
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
ANU Willows Oval 63 1 0.1 0.8 0.8 0.0 Scheme (NCWRS). 0.8
Australian National Not applicable to Sport and arranging water from
Botanic Gardens 0 861 40.0 254.0 254.0 0.0 Recreation Services lake burley griffin / NCA 254.0
Australian Film
Commission 21 1 0.2 1.0 1.0 0.0 1.0
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Non Potable Water Source

CSIRO CSIRO Current Remaining Sport and
- c o : Estimated Non Estimated : Recreation Water Resources Surface Ground Recycled Not
Individual End 5 3] Estimated Sport and Recreation : : .
LUSes S ks Demand Dema_nd, potable Unmet Services (SRS) Comments Serwcgs_ Comments (licences Water Water Water applicable
%) o (ha) 2030 Climate supply Demand (SRS) Priority to take water) ML/y ML/y ML/y (MLYy)
(MLYy) (MLYy) (MLYy) Facilities
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
Reid Oval 39 5 3.9 24.8 24.8 0.0 Scheme (NCWRS). 24.8
Irrigation demands are met by
Campbell North Canberra Water Reuse Not Applicable
Neighborhood Oval | 29 4 1.0 6.4 6.4 0.0 Scheme (NCWRS). 6.4
Irrigation demands are met by
Campbell Primary North Canberra Water Reuse Not Applicable
School 29 3 2.9 18.4 18.4 0.0 Scheme (NCWRS). 18.4
Irrigation demands are met by
ADFA Ovals Nos. 1 North Canberra Water Reuse Not Applicable
&2 64 1 4.7 29.8 29.8 0.0 Scheme (NCWRS). 29.8
Irrigation demands are met by
ADFA Ovals Nos. North Canberra Water Reuse Not Applicable
3-6 0 550 14.8 94.0 94.0 0.0 Scheme (NCWRS). 94.0
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
RMC Golf Club 120 3 23.7 150.5 150.5 0.0 Scheme (NCWRS). 150.5
Irrigation demands are met by
North Canberra Water Reuse Not Applicable
RMC Playing Fields | 120 3 18.6 118.1 118.1 0.0 Scheme (NCWRS). 118.1
TOTAL 190.5 1209.4 1176.0 41.7 - 549.0 38.5 588.5 0.0
MAJURA
Irrigation demands are met by
RMC No. 1 Sports North Canberra Water Reuse Not Applicable
Oval 6 2 1.9 12.1 12.1 0.0 Scheme (NCWRS). 12.1
TOTAL 1.9 12.1 12.1 0.0 0.0 0.0 12.1 0.0
TUGGERANONG
Club currently has capture
stormwater in a number of
dams. Club also has bore v License to take surface
Murrumbidgee access but not currently in use and ground water, now
Country Club 7 16 45.0 285.8 192.0 93.8 due to low aquifer levels. 192Total,25ground 167.0 25.0
The Tuggeranong Valley Rugby
Union and Amateur Sports Club
is currently seeking DA approval
for the installation of a pocket v
sewer mine for Viking Park.
Sand based field, water demand
requirements may need to be License to take
Vikings Park 126 | 16 3.6 22.9 38.0 0.0 adjusted. (ground) water 38ML 38.0
Not applicable to Sport and license to take surface
Tuggeranong Town | 62 4 Recreation Services water lake
Park 20 23 7.9 50.0 50.0 0.0 Tuggeranong 50ML 50.0
TOTAL 56.5 358.6 280.0 93.8 217.0 63.0 0.0 0.0

JERRABOMBERRA
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Non Potable Water Source

CSIRO CSIRO Current Remaining Sport and
- c o : Estimated Non Estimated : Recreation Water Resources Surface Ground Recycled Not
Individual End =) 3] Estimated Sport and Recreation ; : :
LUSes *g ks Demand Dema_nd, potable Unmet Services (SRS) Comments Serwcgs_ Comments (licences Water Water Water applicable
%) o (ha) 2030 Climate supply Demand (SRS) Priority to take water) ML/y ML/y ML/y (MLYy)
(MLYy) (ML) (ML) Facilities
Canberra
Greyhound Racing v License to take
Club 107 2 11.0 69.7 6.0 63.7 groundwater 6 ML 6.0
TOTAL 11.0 69.7 6.0 63.7 0.0 6.0 0.0 0.0
SOUTH CANBERRA
Sources water from two bores
that provides adequate supply to
the course dams. Sufficient v
supply if bore licenses are license to take surface
Vikings Capital Golf renewed and if aquifer levels 6ML and groundwater
Club 100 | 23 30.0 190.5 126.0 64.5 remain viable. 120ML 6.0 120.0
Narrabundah Pitch v license to take surface
n Putt 34 34 8.5 54.0 15.0 39.0 water 15ML 15.0
License to take
Canberra Grammar | 6 1 5.0 31.5 4.0 27.5 (ground) water 4ML 4.0
Heavily reliant on potable water.
Bore yields have diminished and License to take
Federal Golf Club 56 1 115 73.0 149.0 0.0 no dam storage available. (ground) water 149ML 149.0
Eastlake football club
v license to take
Kingston Oval 22 9 2.0 12.7 5.0 7.7 groundwater 5ML 5.0
Telopea Park & 30 1 Not applicable to Sport and PCL Bowen and
Bowen Park 31 4 10.9 69.2 75.0 0.0 Recreation Services Telopea park 75ML 75.0
Not applicable to Sport and
Weston Park 124 5 4.4 27.9 27.9 0.0 Recreation Services 27.9
Not applicable to Sport and License to take surface
Yarralumla Nursery | 123 2 10.2 64.8 83.0 0.0 Recreation Services water 83ML 83.0
Draws water from Lake Burley
Royal Canberra 119 2 Griffin under an agreement with | Not Applicable
Golf Club 121 1 45.0 285.8 285.8 0.0 the Federal Government. 285.8
Not applicable to Sport and
Government House | 122 1 20.0 127.0 127.0 0.0 Recreation Services 127.0
Majura
Management Pty
Ltd 59 n/a n/a 24.0 0.0 24.0
TOTAL 147.5 936.4 921.7 138.7 643.7 278.0 0.0 0.0
WODEN VALLEY
Equestrian Park 677 n/a 2.0 2.0 0.0 2.0
Pitch & Putt Golf license to take
Course 79 4 3.4 21.6 4.5 17.1 groundwater 4.5ML 4.5
Not applicable to Sport and Entitlement to surface
Eddison Park 131 7 1.7 10.8 2.0 8.8 Recreation Services water 2ML 2.0
TOTAL 5.1 34.4 8.5 25.9 4.0 4.5 0.0 0.0
WESTON CREEK
Canberra Institute Not applicable to Sport and license to take
of Technology & 96 6 2.7 17.1 6.0 11.1 Recreation Services groundwater 6 ML 6.0
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Non Potable Water Source

CSIRO CSIRO Current Remaining Sport and
- c o : Estimated Non Estimated : Recreation Water Resources Surface Ground Recycled Not
Individual End =) 3] Estimated Sport and Recreation ; : :
LUSes *g ks Demand Dema_nd, potable Unmet Services (SRS) Comments Serwcgs_ Comments (licences Water Water Water applicable
%) o (ha) 2030 Climate supply Demand (SRS) Priority to take water) ML/y ML/y ML/y (MLYy)
(MLYy) (ML) (ML) Facilities
Horticultural School
Weston Campus
National Zoo and Not applicable to Sport and License to take
Aquarium 0 | 1496 23.6 150.0 80.0 70.0 Recreation Services (ground) water 80ML 80.0
Canberra
International Not applicable to Sport and
Arboretum and Recreation Services License to take
Gardens 0 | 1544 180.0 1143.0 10.0 1133.0 (ground) water 10ML 10.0
TOTAL 206.3 1310.1 96.0 1214.1 0.0 96.0 0.0 0.0
GRAND
TOTAL 837 5355 3586 2099 2053 607 926 232
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APPENDIXW MASTER PLAN B MAP

See next page for a map of the master plan supply—demand options.

The legend shown in Appendix B identifies the clusters shown on the map.
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APPENDIX X  MASTER PLAN C MAP

See next page for a map of the master plan supply—demand options.

The legend shown in Appendix B identifies the clusters shown on the map.
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Contact Us

Phone: 1300 363 400
+61 3 9545 2176

Email: enquiries@csiro.au

Web: www.csiro.au

Your CSIRO

Awustralia is founding its future on science and
innovation. Its national science agency, CSIRO,
is a powerhouse of ideas, technologies and
skills for building prosperity, growth, health and
sustainability. It serves governments, industries,

business and communities across the nation.



