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Recommendations

The recommendations summarised here degailed and supported by evidence throughout the
review. Recommendations have been separated into those that are waterkoehific and those
that apply to urban water quality management across the Canberra area.

GeneralCanberra wide
1 Responsibilities and management for urban water in the ACT urban area is undertaken by a

range of ACGovernment agencies with diverse community stakeholders. To enscieas,
consistent understanding of roles, responsibilities, threshold values andonioigi
requirements to achieve legislated and policy objectives, it is recommended that the ACT
Government @velops a frameworkfoadmap of responsibilities and document
roles/hierarchieghat contribute toRS G SNXYA YAy 3 2dzi02YSa Ay [ Iy
quadlity.

(@]

1 Currently there is no threshold value for nitrogen concentrationih Y 6 SNNJ Q& dzNDB | y

waterways. As such, it is recommendéit the ACT Government establish threshold values
for nitrogen to support the management of the urban waterways.

T 5S5aLMAGS GKS FNIAOdzZ FGA2y 2F LRtAOE 202S0OUAOS:

waterways, there is no framework available to determine what those ecological values are
nor how to determine their conditionlt would be valuable to establishsat of indicators of
ecological condition for all types of urban waterways to gurdaitoring andmanagement
activities.

Lake Burley Griffin

1 The factors driving algal blooms in Lake Burley Griffin are copgrdxmore detailed
investigations are requikto clearly understand key mechanistasfacilitate ongoing
management of the lake.

1 Reviewof the design andmvironmental impact assessmerifthe planned upgrade to the
sewage treatment plant upstream of Lake Burley Griffin indicatewsdér qualityoutputs
will not meet nutrient concentrations sufficient to ensure compliance with water quality
guidelines and the &tional Capital Authority management targets for Lake Burley Griffin.
is recommended thaa reviewof and improvemens to the design and implementation of
the planned upgrades to the Queanbeyan sewage treatment fdantndertakerto prevent
greater impacts ondkeBurley Griffin from nutrient concentrations in outflows.

Lake Tuggeranong
1 Lesseninghe incidence of cyanolaterial blooms in Lake Tuggeranong requires a reduction
of nutrient inputs from storm eventsto the lake.Developingan understanding of the main
catchment sources of nutrients during storissecommended

Lake Ginninderra
1 The water quality and flow matoring of Lake Ginninderra and its inflowing creeks have
received considerably less attentitiman the other major Canberra lake$here are limited
data availabl¢o support an evaluation of thé I {pSrfdrnance angdperhaps more
importantly, support pedictions of future issues or management decisions. Given the urban



expansion of the catchment, it would be prudent to invest in monitoring Lake Ginninderra
and itsinflowing creekgo ensuee the existing high quality of water is maintained.

Urban creekandrivers

1 Themany creeks and rivers of tganberra urban arelave a range of water quality
outcomes. However, there is i@y strategyor plan regardinghese waterwaysilt is
recommended thatnformation and key values associatetth ACTurban riversand creeks
be developedn orderto be consistentvith the documented values irural rivers

1 Macroinvertebrate data are collected as part of the ACT Monitoring Program and
Waterwatch The two programs collect quite different data sets at different locations and
use different approaches to data analydikis can result in a differeetvaluation of
ecological health within the creeks. Whites possible the differences observed are the
result of differences in site charactstics,they could also be methodological. It is
recommended thatto improve communication of the monitoring results, consideration be
given to how the two programs could be better integrated to infamraekmanagenent.

1 Programs that collect data relating to the urban creeks and riegist but they are not well
integrated or linked to a strategic management framewottherE is a body of work that
couldcombinethe management of the urban creeks and rivers, dev@lamning and
management documentsndbuild on existing programs and data sets to provide a better
FLILINBFOK (G2 YIFylFr3ay3a GKS !/ ¢Qa dz2NbBlFy ONBS1 & |

9 Itis recommended that the ACT Government develppaidate information on the
managemenandurban development being undertakesithin the catchmenbf the lower
MolongloRiver In most existing reports and strategies, including the ACT Water Strategy
2014c44, the MolongloRiver is considered to be a nomban systenbut, gventhe current
extentof urban development that directlgffectsthe lower Molonglo Riveandplanned
future urbandevelopmentthe nonrurban statuswill need to be updated.

Urban ponds and wetlands
1 No longterm dataare currentlyavailable to assesghe performance ofCanberraQ & dzND | Y
ponds andwvetlands.It is recommended that a comprehensive monitoring framework and
program for implementation be developdd gain a greater understanding of the ecological
ASNIAOSa LINEJGARSR 0 & induding av@edaNhli utcomedand/ oSG | y |
ecologicavalues
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Glossary

Term Description

Ammonia The amount of ammonia in the sample

Catchment An area of land from which water flows toansaterbody such as a
creek, river, wetland or lake.

Cyanobactarn Adivision of photosynthetic bacteria (formerly known as bireen

algae) that can produce strong toxins.

Dissolved oxygen

A measure of free oxyen that is dissolved imwater sample

Dissolved reactive
phosphorus (DRP)

A measure of the orthophosphate in the sample. It is the reactive
fraction oftotal dissolved phosphorud DB and provides an estimatg
of the biologically availablehosphorudn the sample.

Faecal coliform

A bacteria which is associated with human and animal wastes.

Total phosphorus (TP)
and Total nitrogen (TN)

A measure of the total amount ghosphorusand nitrogenpresent in
the sample. An oxidative digestion of tkample is completed beforg
measurement.

Total dissolved
phosphorus (TDP) and
Total dissolved nitrogen
(TDN)

The dissolved fraction measured after the sample is passed throy
(typically) a 0.4%m filter. While this fraction includes colloids and i
not truly dissolved, 0.45m filters are commonly used in nutrient
studies to obtain an indication of the dissolved portion of the
nutrients in a sample.

Nitrate and nitrite (NOX)

The concentration obxidized forms of nitrogen in the sample

Total organic carbon
(TOC)

A measure of the total amount of carbon in organic compounds in
water sample.

Total suspended solids
(TSS)

A measure of the suspended particles (that are not dissolved) in g
sample & water that can be trapped by a filter.
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1. Introduction

In February 2021, the ACT Minister for the Environment requeste@®ffiee of the Commissioner
for Sustainability and Environment (OCSE) undertake an investigation on the state of lakes and
waterways in the ACT.he Centre for Applied Water Scie@AWS) at the University of Canberra
(UC)has been contracted by th@ CSEo contribute to the investigation by undertaking a review of
the water quality and ecological condition ACT lakes and main urban waters.

TheO2y RAGAZ2Y 2F |/ lwisia§mnevedia 2082lwiih% Kepartissaedby the
Commissioner for Sustability and the Environment on the state of the watercourses and
catchments for Lake Burley GriffiNeil 2012) The current review is designed to updakat work
and expand it to the other major urban waterways of the ACT.

1.1. Scope

The aim of this review is to provide an updated understanding of the condition of the aquatic
ecosystems of the ACT, particularly the receiving waters within the urban environment and areas of
land developmentThe review is limitedo those waterbodies win the Canberra urban area that
provide social and ecological s&esand are influenced by urban water inpuihereview is based
oninformationfrom existing monitoring and research repqrés well as monitoring data that have
been published since 201k doing so, we have incorporatedeview of the monitoring and

research activities that are currently being undertaken to identify key gaps and areas for
improvement.

The reviewis focused a the major urban waterwaysf Canberra and includes

w the major lakes: Lake Burly Griffirake Tuggeranong and Lake Ginninderra

w the urban creeks: including Ginninderra Creek, Tuggeranong Geléikan<reek, Yarralumla
Creek and others for which mdoring data are available

w MolongloRver upstream and downstream of Lake Burley Griffin

w the constructed urban ponds and wetlands within the urban areas.

Thereview examinethe changing conditions observed in the identified waterways over the last
decade and considsthese in response to factors such as urban change, land development and
climate change.

1.2. About this report

This report describes the findingstbfs review. It is structured to providan overall evaluation of
GKS aidl dS 2 anwatérwaps§rouped byavaterbedy or group of waterbodies. This
evaluation issupported by a series of technical appendices that prowdterbody-specific details
For the more technicallynindedreader, starting with the technicappendices themeading the
overall evaluations recommended
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2. Assessing the state af K S urbat Raierways

Urban waterwaysre the rivers, lakes and wetlands thadcur in urban environments or receive
stormwater runoff from an urbanised catchmemirbanisation poses significant challenges for
waterways. The high proportion of impervious surfaces in urban areas results in high peak flows that
often carryelevatedconcentrations of sediment, nutrients amther pollutants(Paul and Meyer

2001; Walsh et al. 2005)hese peak flows and polluted waters pose riskgdople,infrastructure

and downstream ecosystems

Many of the waterways that occur in urban areas have been specifically constarcteadifiedto
manage theémpacts of urban runoffUrban streamgan belined with concrete to efficiently and
effectively transport flows away from houses and otsaburban developmentwhile urban lakes
and ponds are built to attenuate flood peaks and protect downstream waterwHysse constructed
waterwayscan becomeéighly valued by the communitandurban waterwaysare increasingly being
recognised aproviding a range of positive outcomes imban communitiesandfor playing a
central rolein shapingsustainablecities (Haase 2015)f well maintained,urban waterways and the
land around them providepportunities for recreationenvironmental eduation and enhancing
social wellbeingFoley and Kistemann 2015; Haeffner et al. 2017; Hunter et al. Z0t9)s in
addition to theirrolesin climate regulationpollution contro| flood risk mitigatio and habitat
provision

The urban watavaysof Canberra are highly modifieftequently fabricatecaquatic ecosystems
ranging from large open lakes thptovide a focal point for the national capital to smadhcrete

lined creeksthat efficiently transport wateawayfrom suburbandevelopmens. Thevariety oflakes,
ponds, streams, wetlands and rivetsliverboth stormwater management outcomemnd

commurity amenity and important ecosystem servicgaportantly, the Canberra community vakie
thesewaterwaysfor the recreational opportunities they afforcs well ashe biodiversityand
correspondingrisualamenitythey provide(Schirmer et al. 2018 hecombinationof stormwater
management, community amenity and ecosystsenvicesarethe W @ IafQdzK St ubard & G K S
waterways and thisconfers a set oéxpectations around thevay they functionthe types of
ecosystems they suppoandtheir water quality.

2.1 Approach

A multi-facetedapproachwasused in this reviewo assess the state of waterways in the AGT
review of existingrolicydocuments scientific investigationand compliance requements was
undertaken.Considerable attention was directed at atdiled quantitative analysis of monitoring
datato understand the trends in water qualigonditions since 2012 o focus the assessmetige
valuesassociated wittihe waterways were linkedto a set of indicatorof condition(Tablel). The
intended usegsometimes termed#esignated use®for each of the waterbodiedefinedthe values
that werethen linked toexpectedfunctions, water quality and edmgical characterThesewerethen
linked toprimary indicatorgthe immediate measurgthat indicateif the waterway meets
expectations) and secondary indicatomsgasures of factorthat maycontribute to thecapacity of
the waterway to meeexpectationd. Theseconditionindicatorsformed the focus othis document
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review andthe quantitative analysisFurther details about the indicators and threshold valaee
detailed inTechnicaAppendixAT water quality indicabrsand threshold indicators

Tablel.+ | £ dzS$ &

Values/Expectations

aaz2O0Alk GSR

Primary indicators

g A (0 Kandindiga®mrS ofbddndRian dzNb Iy 61 G SNB I & &

Secondary indicators

Stormwater management
Water quality improvement

The water does not pose a risk to
human health

Cyanobacteria concentrations
Nutrient concentrations
Heavy metal concentrations

Turbidity/ TotalSuspended Solids
Community amenity: recreation involving primary and secondary contact

Cyanobacteria concentrations
Faecal coliforms
Enterococcbacteria

pH

Lake closures

Community amenity: visual attractiveness

No algal scums

Colourand odours

Clear water

Lack of visual pollutants
Presence of a diversity of habitat
Presence of a diversity ainimals
Lack of nuisance plargrowth

Cyanobacteria concentrations

Turbidity'Total suspended solids

Litter
Colour and odour

Aquatic macrophytes and riparian plant

Fish frogs and birds

Freshwater aquati@cosystems: habitat and suitable water quality

Diversity of plants
Riparian condition
Lack of nuisance plant growth

Water quality appropriate to the
protection of freshwater aquatic
ecosystems

Cyanobacteria concentrations
Phytoplankton

Aquatic macrophytes

Rparian plants

Dissolved oxygen concentration
Electrical onductivity

pH

Nutrient concentrations
Toxicant concentrations
Turbidity/Total suspendedsolids
Macroinvertebrate community
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Pollutant concentrations

Nutrient concentrations
Pollutant concentrations
Chlorophyll a

Chlorophyll a



2.2 Documentreview

Reports and published scientific literature were sourced fioli S | dmiinepavtiiefositories,
those available to the OCSHhd ACT Government repoidsidsearching the published scientific
literature. These were reviewed to provide:

1. theKAAG2NAOFE O2y(8SEG NBEFAGAY3I G2 61 GSNI ljdz £ AGS
waterways

2. WF2NNEFGA2Y 02dzi GKS OdzaNNByd 41 GSNI ljdzZ f AGe | YR
waterways

3. information about the future threatsto thewatdy dz t AG& FyR SO2f23A0If OKI
urban waterways.

2.3DataAnalyss

Water quality and ecological data wetempiled from a variety of sources for use in this review
(Table2). The primary data sources were the NCA monitoring data set (202Q0), the ACT Water
guality database (201€r021), the ACT Waterwatch database (2@2021)andthe Urban
stormwater research data set frodC(2017%2020). These comprised time seriggter quality and
ecologicablata fromwaterways across CanberfBhewater qualitydata were augmented with
meteorological data (Bureau of Meteorologgiream dischargeata (Bureau of Meteorologynd
spatial data setsACT and NSW Government

Water quality and ecological data were reviewed to select sites with continuous or frequently
collected data for the 2010/11 to 2020/21 periodlhere available, @ditional data séts were used to
augment understandingf specificcatchments or locations.

Water quality data

Time series of all monitoring parameters were initially produced from the water quality data sets
from 2010/11 to 2020/21 to highlight patterns in the data, rédaiships between parameters and

any results that may inform key waterway processes. Time series data were analysed to determine
the proportion of timewherewater quality met acceptable levels atalidentify trends that may

provide an indication of futurérajectories. These analyses are included in the technical appendices
for each of thespecificwaterbodies.

Ecological data

Time series were produced from the ecological data sets for the period;2020/1 to highlight
patterns in the data and key trendisat may inform key processes. These analyses are included in
the technical appendices for each of thpecificwaterbodies.
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Table2. Details of the data sets used in this review

Data set
NCA
monitoring
data set

ACT Water
Quality
database
ACT
Waterwatch
database

Lake
Tuggeranong
research
project data
Urban ponds
research
project data

Bowen Park
Weatherand
stream

discharge

Spatial data

Attributes

Nutrients from irlake

sampling

Dissolved oxygen

concentrations

Phytoplankton data
Water quality attributes
Water quality attributes
Phytoplankton data

Water quality attributes
Riparian vegetation

condition

Macroinvertebrate data

Nutrients from catchment
and inlakesampling
Dissolved oxygen
Phytoplankton data
Nutrient concentrations
(Total nitrogen total
phosphorusdissolved
reactive phosphorus
nitrate and nitriteand

ammonig

Nutrient concentrations

Telopea Creek
Rainfall
Temperatures

Stream discharge

Landuse

Time period Source

201052021

20112021

2011¢2021

20172020

20172019

20182019

2010¢2021

N/ A
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NCA dcta

ACT Government Lakes andd®s Water
guality monitoring program

ACT Waterwatch

University of Canberra
(Ubrihien et al. 2019b)

University of Canberra
(Ubrihien et al. 2019a)

ACT Healthy Waterways Landuse Monitorin
Program

Bureau of Meteorology
(http://www.bom.gov.au

ACTHealthy Waterwayd anduse Monitoring
Program

ACT Government online mapping resources
(https://actmapi-
actgov.opendata.arcgis.com/

NSW Government data server
(https://datasets.seed.nsw.gov.au/daset/ns
w-landuse2017-v1p2fOed)



http://www.bom.gov.au/
https://actmapi-actgov.opendata.arcgis.com/
https://actmapi-actgov.opendata.arcgis.com/
https://datasets.seed.nsw.gov.au/dataset/nsw-landuse-2017-v1p2-f0ed
https://datasets.seed.nsw.gov.au/dataset/nsw-landuse-2017-v1p2-f0ed

3. Weather context

The past 10 years have been characterised by a series of extremes in weather conditions across the
ACT(Figurel andFigure2). Temperatures across the region have been altowsell above average

in eight of the 10 yearsbut rainfall has been highly variablery wet conditions prevailed between

2010 and 2012 as the millennium drought brokadwet conditions alsmccurred in 2016 and 2020.

The period from 2017 to 2019 were increasingly hot and cliiminating in thenottest year on

record in 2019leading into the major summdyushfires of 201820. Such extremes place the

regions waterways under considerable stress, with stréams ranging from some of the highest

lowest on record.

2020 2019 2018

3as0 poriod: 180002020 o o 1920 Doc 2000

Figurel. Rainfall deciles for NSW and the ACT from 2010 to 2020.
Images sourceffom the Bureau of Meteorologitp://www.bom.gov.au/climate/maps})
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Figure2. Temperature deciles for NSW and the ACTrdan 2010 to 2020.
Images sourced from the Bureau of Meteoroldatyp://www.bom.gov.au/climate/maps)
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4. The state of ACT lakes

This review coverthe state of the three main lakes in the ACT: Lake Burley Griffin, Lake
Tuggeranong and Lake GinnindefFage technical analysis underpinning the assessrisntiuded
in Appendices B, C anddhd the reader is encouraged to refer toet material in the appendicde
better understand the interpretation provided here.

Water storage in the Canberra urban area is dominated by three constructed urban lakes, which
capture a large portion of urban runofféble3).

Table3. Lake surface area, catchment area and urban catchment area for the three main Cdakesra

Catchmentarea Urbancatchment Lakesurfacearea Ratio urban
(km2) area (km2) (km?) area/Lake surface
area
Lake Burley Griffin 183.5 9.1 6.64 0.72
LakeGinninderra 98.8 45 1.05 0.023
Lake Tuggeranong 61 31 0.57 0.018

4.1 Lake Burley Griffin

Lake Burley Griffin is an artificial lake in the centre of Canlibatavas created by the construction

of a dam on the Molonglo River. It was first filled in 1964 and forms the centrepiece of Walter Burley
DNAFTFAYQa RS @pr3antngaodal point joratHadédNdommunity and the many

visitors to the nationatapital. While the lake is an important aesthetic and recreational feature for
Canberra, it also serves to improve the quality of water flowing downstream from the urban centre
and providesvaluable habitat for a variety of watetependent species.

Thelakehas a total surface area of@km?, an average depth of 4 metres and a maximum depth of
almost 18 mettes near Scrivener Da(iational Capital Authority 2020} drains a catchment area of
approximatelyl,866km? (Maher et al. 1992; Neil 201,2)omprising anix of urban $%), rural 68%)

and conservatiofiecreation (27%) landuses(AppendixB).

Major inflows to the lake include the Molonglo Riethich receives water frorthe Queanbeyan
Riverand Woolshed Creek)errabomberra Creeknd SullivansCreek(Table4 andFigure3). Thereis
also a range oémaller urban streams arstormwater drainghat deliver water to thdake.Most of
the flow into the lake comes from the Molonglo Ri@&able4), contributingmore than90% of the
inflowsin most yearsHowever, duringdry years, the proportion of inflows from the urban
catchments increasasotably, with estimated contribution®f up to 27%.

It is important to note that e input from the QueanbeyaBewage Treatment Plaig below the
gauging station at Oaks Estateereforethe inflows recorded from the Molonglo River do not
incorporate thecontribution from theplant.
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Figure3. Map of the main catchments draining into Lake Burley Griffin showing the distribution of different

landuse categories.
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Table4. Hydrological metrics for the major inflows to Lake Burley Griffin.
Data sourced from the Bureau of kerology Water Data Onlind{tp://www.bom.gov.au/waterdata/). Note
that data for 2021 are only to 15 December.

Annual Flow metrics

Station Mean Median
(period of record) (ML/yr) (ML/yr)

Molonglo River | Oaks Estatd10729 112,930 72,898 617,58 3,733
(1964c2021) (1974) (2004)

Jerrabomberra | Hindmarsh Drive 3,717 1,841 9,925 569

Creek 410790 (2020) (2016)
(2014¢2021)

SullivansCreek Barry Drive 5,174 4,134 12,914 1,178
410775 (2021 (2006
(1987¢2021)

Outflow: Below Coppins 117,795 70,746 566,380 8,160

Molonglo River | Crossingt10756 (1989) (1982)
(1979:2019)

Lake Burley Griffin is considered to &re essential part of what defines CanbefiRCA 2009and is
highly valued for its recreational use and aesthetialdies. The lake is mnaged by the National
Capital Authority (NCA)Nn behaf of the Commonwealth of Australiastho have responsibility for the
lake itselfand the foreshore areag’heACT and NSW Governmeate responsible for managing the
catchmentareas that drainnto the lake

Theapproach to managing the lake is set outhie National Capital PlafiNCA 2016)This document

identifies the lakeas anintegral part of the design of Canbemada keyfocusof planningfor the

National Capital. The 2016 plan identifies a series of objectivasaf@ Burley Griffiand its

foreshoreghat aim to enhance and develop the connection to the lake. Thedadeextending

waterfront activities and developingsitor and recreation experiences associated with the lake.

These rely on therotection ofwater qualityin the lake, a point that is explicitly noted in tB816

plani K N2 dz3 K 2 6 2 S O théva®rualitin a¥nanndr designadyfo protect Lake Burley
DNATFAY YR C2NBaK2NEQRIGAHdzE £ YR aevoz2f A0 NRf S

TheLake Burley Griffin Water Quality Management HMM@A 2011 the main document thasets
out the objectives and strategies for managing water quadihd it remains current in 2021t draws
objectives from thel995 Lake Burley Griffdanagement PlanNCA (1995)
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Table5), along with national and locavater quality guidelinego establish benchmarkier water
guality parameters andecommendactionsrequired to achieve those benchmarks.
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Tableb. Key requirementfor the quality of water in Lake Burley Griffas outlined in thé_ake Burley Griffin
Water Quality Management PlaiNCA 2011)

1 Promoting the ornamental and visual values of thke as intended by the ational Capital
Plan.

1 Maintaining thelake as a viable and stable ecosystiat encourages the development of
plant and animal species in order to protect the ecological, aesthetic and scientific values
the lake and its foreshores.

f Having an acceptabM'lj dzI t AG& 2F Ff 2 ¢ Qakd\ibl@ hti¥s8d ad Kwaiter
quality control pond to maintain, as far as practicable, downstream water quality and flow

1 Maintaining acceptable water quality to support the recreational and commercial funation
the lake.

4.1.1 The current state of Lake Burley Griffin

The state of Lake Burley Griffin can be assessed using evaluation quéstioaddress how well the
lakemeets thekey requirementshown in
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Tableb above

1 Is the water in thdake of acceptable quality to suppats recreational and commercial
functions?

1 Do the aquatic ecosystems and water quality of lddee provide the expected ornamtat and
visual values?

91 Does thelake display stable aquatic ecosystems that provide the expected eco|@gisHietic
and scientific values of tHake and its foreshores?

1 How effectively is théake acting as a water quality control pond to maintain dets@am water
quality and flow?

Addressing these questions draws on supporting material includdéteihake Burley Griffin
Technical AppendicégppendixB).

Is the water in théake of acceptable quality to suppistrecreational and commercial functions?
Lake Burley Griffin has a history of water quality problems that have affecte@theational and
commercial functions of the lakencluding nuisance plant growth (a function of high nutrient
concentrations), cyanobacterial blooms dfiagcal pollution Thecurrentlake water quality issues
that affect recreation and commercial actii@s are confined tocyanobacterial blooms and high
Enterococci concentrationswith concentrations oéll other water qualityparametersypically
within the acceptableange for recreational and commercial activities.

Between 2010 and 2020, Lake Burley Griffasclosed to recreational activities for at least some of
the recreational season each yedue toeither cyanobacterial blooms or hidimterococci
concentrations. Closures have varied in duration: the lake baserglly been open to recreation for
more than 70% of the recreation season andjve of the past 10 yeardhas been open to

recreation for more than 90% of the recreation seaddased on inference from the data presented
in Neil (2012),losures havédbeen more frequent in the padi0 yearghan the preceding 10 years
suggesting thathere is an increase ityanobacteriaproblemsin the lake

PreviousOCSHEeporting (Neil 2012)dentified that, as an inland urban lak®ubject to highrsummer
temperatures and solar radiatiomild wind speeds in late summer and autusmamd high nutrient
concentrationsalgal bloomare likely to persisin Lake Burley GriffifThis has played out in the lake
over the past 10 years, withighto extremeconcentrations of cyanobacter@ccurringin most

years albeit not always resulting in significant periods of lake closWdle it had been suggested
by Neil(2012) and Dyer il. (2020)that bloomswere related to dry yearshis has not been evident
in the pasttwo years suggesting that ta drivers obloomsin the lakeis complexand more detailed
investigations are required tolearly understand the key mechanisms

Recent research suggests that the key driver of cyanobacterial blooms in the lake may be the release
of nutrients that arestored in lake sedimentsf this is the case, it is likely that blooms will continue

to occur with increasing frequency unless interventians undertaken tananage the supply of

nutrients from the sedimentsimportantly, the authors of the researdhavenoted that their findings

are limited by the lack ofiater columndata that would enable them to test this hypothesisd

better inform management optionfDyer 2020)
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Between 201 and 2018, there was a steady decline in phosphorus concentrations in the surface
waters of the lakesuggesting substantial improvements in the nutrient status of the [akes was
promisingbecauseconcentrations were approaching levels at which cyauérial bloomscould
become phosphorus limited. The reasons for the reduction in phosphorus concentrations are not
clear andunfortunately, the surface water phosphorus concentratiansreased ir2020 and 2021
(Figure27). This maybe a function of the increased rainfalhd runoffthat occurred irthese years
Further detils including data trends are available in Technical Apgdhdi

Do the aquatic ecosystems and water quality ofdke provide the expected ornamental and visual
values?

While the expectedrnamental and visual values of Lake Burley Griffin are poorly articulatie
Lake Burley Griffin Water Qualityanagement Plarit is assumed that therimary expectations are
that the lakeisfree of algal bloomandrubbish Theaquatic ecosystems and water quality of the
lakeprovide the expected ornamental and visual valtesthe national capitainore than 9946 of

the time. The annuatyanobacterial blooms experienced by the lake detract from the ornamental
and visual values of the lakbutit should be noted that they are only a problem for tlage for
relatively short periods of timan each year (typicalllate summer intcautumn)

Theshoresaff { S . dzN¥ S& DNRAFTFAY NIy3aIS FTNRY (KS LI @SR

landmark buildings in the central basin to the urban parklands and beaches of the east and west
basins.The paved and manicured foregrounds provide the expected ornamentalisnal values of
the central basin while being almost completely devoid of natural ecosystems procékses.
parklands comprise a mix of native and exotic vegetation, the condition of which is defined by the
level of management effort. Like all urban parkdis, they are subject to the pressures of human
activities that introduce rubbish and other pollutargadexotic and invasive plants, as well as create
informal pathways among the riparian vegetation.

Does thdake display stable aquatic ecosystems giavide the expected ecologicasthetic and
scientific values of tHake and its foreshores?

There has been minimal change in thgquatic ecosystems dfake Burley Griffiover the pasB0
years The loss of aquatic macrophytes that were prevalenhaeast basirand béween
Springbank Island and the Acton Foreshiorthe 180shas not been reverseduggesting that the
lake is now in a relatively stable phytoplankton dominated state algal communitiesccurring in
the lakevarythroughout theyear, displaying theexpected algal successional processies
reasonably nutrient rich environmenit is notable that the prevalence ektreme cyanobacterial
concentrations has increased over the paBtyearsandis likely to be a regular featurgiven the
phosphorus concentrations in tte | {sGrace waters.

How effectively is thieke acting as a water quality control pond to maintain downstream water
quality and flow?

One of the key functions dfake Burley Griffirs toimprove water quality alog its lengthas
sediment and nutrients settlan thef | {s®wWfowingwaters The expected water quality
improvements areeflected in water quality guidelines thapecify lower values fdurbidity and
nutrients inthe westbasinthan the east basinhile thereis generallya reduction inmean annual
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turbidity along the lake, witlvalueshigher in the east basin than the west basintrient
concentrationdargely remain unchanged across the lake

However, the water quality attamation performance of the lake is compléxespite the observed
reduction in mean annual turbidity along the lake, tebidity recorded in the Molonglo River
downstream of the lake is broadlike that of the inflows fromthe Molonglo River upstream and
from SullivansCreek. Mrogen concentrations in the Molonglo River downstream of the ke
typically slightly lower than those entering from the Moldm&iver upstreanandare generallyike
those ofSullivangeek Importantlythe lake effectively mitigates the potential effects of
phosphorus fromits urbanised tributaries, with phosphorus concentrations in the Molonglo River
downstream of the lakeery similar to those recorded in the Molonglo River upstream oldke
and consideably lower than those fronits urbanised tributariesln combination, the lake is
effectively acting as a water control poaddis mitigating some of the effects of urbanisation for
the downstream receiving waters.

4.1.2 Knowledge gaps

The data review conducteby Dyer (20205uggested that internal sources of nutrients are likely to
be an important driver of cyanobacteria blooms in Lake Burley Ghiffiirthere is a reagnable
uncertainty associated with the datsecause of very limited data from the bottom waters of the
lake These authors recommended that additional data collection is neededriéirm that internal
sources of nutrients are driving cyanobacteria blooms. This requires the relative contributions of
internal and external sources of available nutrients are quantified for the lake.

Annual veather conditions are a major determinantthie relative contributions of inflows to the
lake.A greater proportion of the inflows to the lake are from urban areasing dry yearshan
during the wetter yearstHHowever, the elative contributions from the urban areas are currently
estimates as thex is only information about inflows froBullivan<reek a few years of data from
Jerrabomberra Creglvhich has limited urban development within the catchmesmd minimaldata
from Telopea CreelGiven the importance of the urban catchments for delingrhutrients (likely in
a dissolved form) and carbon to Lake Burley Griéfirunderstandng of the urban inflows to the
lakefrom the stormwater network on the south of the lakeneeded

The steady decline in phosphorus concentrations in the surfatersvaf the lake between 2011 and
2019had the potential to provide considerable benefit to the lakbe decline is matched in the
concentrations of phosphorus recorded in the Molonglo River upstream of thedakée reasons
for the decline are not ehr. It is possible thathe major driver has been the lower floiar much of
this time period as the years in which higher flomere recorded havehad higher phosphorus
concentrationsGiven te concentrations of phosphorus in 2018 and 2019 vegreroaching levels
at which it is expected the algal blooms would be limibgythe availability of nutrientsfurther
investigation tounderstand thedrivers of the lower phosphorus may assisttia ongoing
management of nutrient concentrations and algggdoms in the lake.
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4.2 Lake Tuggeranong

Lake Tuggeranong is an artificial lake in the south of Canberra, adjacent to the Tuggeranong Town
Centre, created by the damming of Tuggeranong Creek in 1987. The lake was filled, in 1990
coinciding with the urban deVepment of the regioSMEC 1988Yhe lakas surrounded by a
commercial district to thavest, which has seen high density urban infill occurring since 2019. On the
eastern side of the lak¢here is a mix burban dwellings and recreational spaces.

Lake Tuggeranong was originally designed as a settling basin to trap soil and debris from the
surrounding urban catchments before it entered the Murrumbidgee Rivedoing so, it provides
water gquality improvement to stormwater discharge from the local catchments and urban centres
Lake Tuggeranong watsodesigned to provide a space for rectiea, exercise, play and
conservation for the Tuggeranong Community, proximal to the souttewn centre Primary

contact recreatiohoccurs aseveralbeaches around the lakevith kayakers using the whole of the
lake. In recent yearshe ACT Governmetias allowedhe use ofelectric poweredvatercraft on

/ Iy 0 S NNJakeg inchehidy Laye Tuggeranong. Users are now permitted to take on electric
powered fishing boats to provide an additional recreational use. The main body of ligderdnong
is surrounded by a 6 Kilometre recreational circuit that is used by walkgagygersfunners and
cyclists As well as the circuifTuggeranong Paik locatedon the lake foreshorgwvhich has a man
YIRS 0S| OKX askate @K Ai2 RNISYi@Z |abtage far NdndayhRy eventRR
These amenities are used throughout the year by residents seeking quality outdoor living in well
kept surrounds.

The character, amenity and aesthetics of the lake, its foreshores and its recreats@sahre greatly

valued by the Tuggeranong Community. Lake Tuggeranong has a history of water quality issues, with
frequent closures to recreational use because of high concentrations of cyanobdttbrihien et

al. 2019b)This is of significant concern for residem#o are keen to see improvements.

The lake has a total surface areaDd&7 knm?, with a maximum depth of 13 megs near the centre of
the lakeand acapacity ofL.8 gigalitres(Bureau of Meteawslogy 2021)It drains a catchment area of
approximatelysl km?, comprising a mix afrban 60%), rural 20%) and conservation/recreation
(30%) landusegFigured). The major inflows include Tuggeranong Creek (the original flow path
dammed to creatdhe lakd, Village Creek, Kambah Creek and Oxley inflow. These infldargealy
carry and discharge atmwater. All inflows to Lake Tuggeranong argaugedalthough
Tuggeranong Credias a water level recording station at the W@iable6). There arealso a range
of additional smaller urban streams and stormwater drains that deliver water to the Eake.
downstream of the lake is just under 10,08@galitregyear (Table6).

! Primary contact recreation is defined as whbledy contact with the waterlt involves frequent immersion
or the possibility of ingesting wateExamples include swimmiagd windsurfingas well asovice
participation in some watesports
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Figure4. Map of the main catchments draining into Lake Tuggeranong showing the distribution of different
landuse categories.
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Table6. Hydological metrics for the major inflows to Lake Tuggeranong.

Data sourced from Environment, Planning and Sustainable Development Directorate
(https://www.data.act.gov.au/Environment/ACStreamflowand-RainfallData-Daily-Data/vond-cfqv)

Annual Flow metrics

Station Mean Median Max
(period of record) (ML/yr) (ML/yr) (year)

Tuggeranong Lake Tuggeranong unavailable | unavailable | unavailable unavailable
Creek Weir 410771 water

level only
Village Creek Not measured unavailable = unavailable = unavailable unavailable
Kambah Creek | Not measured unavailable | unavailable | unavailable unavailable
Wanniassa Not measured unavailable = unavailable  unavailable unavailable
Stormwater
Outflow: Tuggeranong Creek 9,867 9,295 24,903 2,817
Tuggeranong U/S Sewer Crossing (2010) (2019)
Creek 410779

(1986;2021)

Lake Tuggeranong is an important recreational, visual and functional asset for Canberra and the
Tuggeranong community. The ACT Government is responsible for the management of the lake, the
foreshore areas and the surrounding catchnmenthe approach to managing the lake is documented

AY [/ FYOoSNNI Qa ! NblFy [ I 1 S6CTGoHRMMehty2608n updateyt 2 F al yI
which was published in draft form in 20&CT Government 2019B)hile the most recent draft is

yet to be finalisedthe authorshave used it to idetify the recreational, cultural and management

values associated with Lake Tuggerandrep(e?7). The primary values are the aspects of the lake

that support the visual landscapproviding a wide range of informal recreational activities

associated with lakes. The secondary values include aspects of the lake

1 with Indigenousand historic cultural association

1 that facilitate sporting, fishing anecreational activities

1 that support ecological functignncluding water quality and aquatic plant and animal
populations

1 that allow for flood mitigation and control in the Tuggeranong area.

The tertiary values include the attraction of interstate andeimiational tourism and commercial
services provided to lake visitors.
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Table7. Key requirements for the quality of water in Lake Tuggeratodg 2 dzif AYSR Ay (KS
Lakes and Ponds Plan of Managem@ET Government 2001)

1 The visual landscape that proviler a wide range of informal recreational activities
associated with lakes

1 Aspects of thdake that facilitate public use of the lake for recreation (sporting, fishing anc
recreational activities)

1 Aspects of thdakethat support ecological functignncluding water quality and aquatic plan
andanimal populations

1 Prevent and control floods by providing a reservoir to receive flows from rivers, creeks a
urban runoff in the Tuggeranong area

1 Prevent and control pollution of waterways

4.2.1 Thecurrent state of Lake Tuggeranong

The state of Lake Tuggeranong can be assdsgegtaluating how wethe lake in its current state
meetsthe key requirementshown inTable7 above

1 Are the water and surrounds of tHake of acceptable quality to support the recreational and
visual functions of the lake?

1 How effectively is théake acting as a water quality coatpond to maintain downstream water
quadlity?

91 Doesthe lake display stablaquatic ecosystems and water qualibat providethe expected
ecologicahndhabitatvalue®

Addressing these questions draws on supporting material included ibake Tuggeranong
Technical Appedices(Appendix C)

Are the water and surrounads$ thelake of acceptable quality to support the recreational and visual
functions of the lake?

Lake Tuggeranong haseputation for poor water qualityand regularly suffers from cyanobacterial
blooms and faecal pollution thaesult in regular closures over the summecreationalperiod.
Closure data are only available for the lake from 2@t®l these data indicate that Lake
Tuggeranong has been clakto recreational activitiefor a substantial proportion of each of the
summer recreational seasons. In some years, the lake has been tosedre than 80% of the
recreational seasorhe main cause of thiakeclosureshasbeen high cyanobacterial
concentrations

Not only do the regular cyanobacterial blooms affect the recreational amenity of thedakthey
are alsounsightly and of broader public health concern. These regular blooms mean thattkee
quality of thelakeis not of acceptable quality to support the expected recreational functiams
visual amenityof the lake.

The cyanobacterial blooms in Lake Tuggeranong are driven by high concentrations of nutrients,
particularly phosphoruswvhich is derived from tl surrounding catchment areas. Nutrient
concentrations within the lake waters are regularly above the acceptable levels for urban lakes and
are sufficiently high to support a bloom throughout the year. It is likely that water temperatures are
one of the k¢ limiting factors for cyambacterial blooms in the lake andgith increasing
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temperaturesacross the regiodue toclimate changethe duration of blooms in Lake Tuggeranong
may continue to increaseendering it even less able to support the expectedeational functions
and visual amenity.

The shores ofake Tuggeranongomprisea mix of native and exotic vegetation, the conditimin

which is defined by the level of management effdiike all urban parklands, they are subject to the
pressures of human activities that introduce rubbish and other pollutants, exotic and invasive plants,
as well as create informal pathways among the riparian vegetaliba.Rapid Assessment of

Riparian Codition (RARClpr the lakeundertaken by Waterwatcidentifies the riparian zone as

poorto degradedwith low scores for habitat, covemd nativenesof the vegetationln such

managed parkland environments, this approach to evaluating the riparian comaill always give

low scores and is not the best way of evaluating the condition.

How effectively is thieke acting as a water quality control pond to maintain downstream water
quality?

Lake Tuggeranong has long been dominated by water quality iasdesonstant closures due to
potentially toxic bluegreen algae outbreaks (Ubrihien et al. 2020).

The design of the lake was to reduce nutrient and sediment loads from urban stormwater runoff
passing into the Murrumbidgee River. Witht flow data forthe major inflows to Lake Tuggerangng
it is difficult to determine the nutrient loads entering the lake. EstimatedJbyihien et al(201%)

are thatbetween300 and 600kg'year of phosphorus an@,000 and 45000kg/year of nitrogen were
being delivered to the lakigom the inflowing creekbetween 2018 and 2020 hey also estimated
that between 90 and 300 tonnes of suspended sediments were delivered to theHalever, the
research project did not collect data downstrearfitioe lake and existing data setsere not of a
suitable qualityto enabledownstream loads to be calculate@onsequentlyit is not possible to
determine how well the lake is trapping nutrients and suspended sediments.

The data sets available are not well suited to evaluationy well the lake is performing at removing
phosphorus and nitrogen or improving turbidity levalgaterwatch data are bised toward sampling
of low flows and the research of Ubrihien at al. (2@&nd 2020) showmostnutrients and
suspended sediment are being delivered to the lake under high flow conditibagdafa sets of
Ubrihien et al(201%) sauggest that oncentrationsof nutrients enteringhe lakeare higher than the
concentrations in the surface waters of ttake, whichis positive, but thisequires further
investigationto determine thewater quality performancef the lake

Does thdake display stable aquatic ecosystems and water quality that provide the expected ecological
and habitat values?

The aquatic ecosystems of Lake Tuggerarayadeset by frequent and persistent cyanobacterial
blooms. Thisloes not appear to have changedtiire past 10 yearsuggesting that the lake is a now
displaying astable phytoplankton dominated ecosystefihe prevalence of the cyanobacterial

blooms indicates that the lake is not displaying #uiatic ecosystems and water quality that would
provide the expected ecological and habitat values of the lake.
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4.2.2 Knowledge Gaps

Results from the three years afetailed research on Lake Tuggerandfdprihien et al. 2020 dicate
that nutrient inputs from the catchment during rainfall events are the major driver of cyanobacteria
blooms in the lake. Once a bloom commences, subsequentdrimm event flows provide the
nutrients that support the ongoing blooend internal cycling of nutrients can occalong with the
release of nutrients from sediments to provide further support for the blodire authors
recommend thatreducing the incidnce of cyanobacterial blooms requires a reduction of nutrient
inputs from storm events to the lak&o do this requires an understanding of the main catchment
sources of nutrientsluring storms ReliminaryinvestigationgUhrihien et al. 2020)ndicate there
are nomajor point sources of nutrients in the catchmeritsit that the entire urban area is
contributing Possible sources inclutkaching from leaes andbther organic debrisfertilisers,
animalfaeces andedimens. Reducing inputavhen there are many possible sourceil involve
broad scale behaviour change from the commuriyrther work is required talentify these
behaviour changem orderto understandthose thatwill generate the greatesteductions in

nutrient loading

Limited flow data are available for Lake Tuggeranarith water level data available for
Tuggeranong Weir and the other major inflow (Village Creek) ungatiede are considerable
logistical challenges in determining inflows ke Tuggeranong, with complex stormwagaping
combined with overland flows makirggich determinationeomplicatedand expensiveThisalso
makes it difficult toascertain thesediment and nutrient loads entering the lakéo approximate the
nutrient loads,Ubrihien et al. (2020) developed a mass balance mitdelshowsthere is
considerable variability in annual loads to the lattepending on the weather and inflow conditign
While such a modgdrovides useful information, the authors noted there wasgye variation in the
approximate discharge for Village Creek that resulted in a relatively large amount of uncertainty
around the water movement through thake and the relave discharge from the major inflows. To
improve these estimates and gain a better understanding of water and nutrient movements through
the system, improvements in these estimates are requifiéds information would provide valuable
information when degjning interventions to reduce external nutrient loads to Lake Tuggeranong.

Further, limited nutrient concentration data are available downstream of the lake, \Wigtterwatch
data limited bysampling approaches artle focus on low flow sampling. In combiian, these
knowledge gaps meaihis not possible to evaluatine effectiveness of the lake at trapping sediment
and nutrients.This was highlighted in the research of Ubrihien et al. (2888)remains a

important gap inthe understanding of the lake ahits current performance imaintaining
downstream water quality
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4.3 Lake Ginninderra

Lake Ginninderravas built in 1974, and/as designedo providevisual and recreational amenity,
offering a scenic focus for the Belconnen Town Centre. The Lake forraBap®with a central
peninsula and two main parks on tikeastern andwestern sides of the lake. The primary recreational
activities conducted on #lake include walking/jogging, picnics and barbeques, cycling, fishing and
boating (including kayaking, canoejlagd yachting). There are also designated sections for
swimming(Schirmer et al. 2018pat aremonitored forsuitable water quality conditions.

Lake Ginninderrhas an average depth of 3.5 msurface area of 105 hectaré&CT Government
2016)anddrainsa catchment opproximately9,800hectares. It receiveanajor inflows from
Ginninderra Creelaindurban stormwater dischargigom the surroundingsouthern and eastern
suburbs of BelconneincludingUCandthe Belconnen Town Centréhe catchment area comprises
a mix of urban47%), rural €1%),and conservatio/recreation 63%) landusesHigure5). Thereare
limited flow data available to evaluate the contributions from the various inpuith the only
upstreamgauging stationocatedon Ginninderra Creefearthe Barton HighwayThe downstream
gauge is located oGinninderra Creek afharnwood Road nealaramlee some7 km downstream
of the outlet from theGinninderraCreekdamwall. The mean annual flow athe Barton Highway
gauging statiors around70% of the flownearJarramlegTable 8)

Table8. Hydrological metrics for themajor inflows to Lake Ginnindetra

Data sourced from Environment, Planning and Sustainable Development Directorate
(https://www.data.act.gov.au/Erironment/ACTStreamflowand-RainfaltData-Daily-Data/vOndcfqv)

Annual Flow metrics
Station Mean Median

(2011¢202)) (ML/year) (ML/year)
Upstream Lake | Ginninderra Creek 11,946.75 9,601.751 24,752.81 5,369.896
Ginninderra upstream Barton (2021) (2019)
Highway
(410751)
Downstream Ginninderra Creek 17,556.93 13,623.22 33,718.63 5,540.167
Lake Ginninderra at Charnwood Road (2016) (2019)
(near Jarramlee)
(41750)
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Lake Ginninderrarovides an important focus for the BelconnBegionandis valuedby the local
communityfor its recreational use and aesthetic qualities. The lake is managtuk B\CT
Governmentand Transport Canberra and City Services (T@@&)Yhe ACT Governmeistalso
responsible for managing the catchment areas that drain into the lake.

The valuesutlined in the Draft Canberra's Urban Lakes and Ponds Plan of Managéh@ht
Government 2019biighlight the various recreational, culturahd management values associated
with Lake Ginninderra. The primary values are the aspects of the lake simgyibg visual
landscape that provide for a wide range of informal recreational activities associated wittthiake
water qualitymanagement angbrotection of downstream waterways and the provision of habitat
for a range of fauna and florRroposeduture development of the Belconnen Lakeshore Precinct
could potentiallycreaterecreatioral andtourism opportunitiesfor the area.As hese opporturties
rely on the primary and secondary levels of contact with the watater of sufficient qualityo

meet the regulations/guidelines as set by the ACT Guidelines for Recreational Water (Quzlity
Gowernment 2014apre required

Table9. Keyrequirements for the quality of watemd freshwater ecosystems aile Ginninderraas outlined
in theDraft Canberra Urban Lakes and Ponds Management RI@in,Government (2019b)

1 The visual landscape provsi®r a wide range oinformal recreational activities associated
with the lake

1 Aspects of thdake that facilitate public use of the lake for recreation (sporting, fishing ang
primary contactrecreational activities)

1 Aspects of théakethat support ecological functigrnncduding water quality and aquatic plant
and animal populations

1 Prevent and control pollutiorprotectingdownstreamwaterways

4.3.1 The current state of Lake Ginninderra

The state of Lake Ginninderra candssessed by evaluating how wiblk lake in its current state,
meetsthe key requirementshown inTable9 above

1 Do the aquatic ecosystems and water quality of the lake provide the expestegiationaland
visualfunctions?

1 Do the aquatic ecosystems and water quality of lddee support the expeed values by
providing habitat for flora and fauna?

1 How effectively is théake acting to protect downstream water quality?

Addressing these questions draws on supporting material included ibake Ginninderra Technical
Appendices (Appendix D)

Do the aquatic ecosystems and water quality of the lake provide the expectedtional and visual
function®

Unlike Lake Burley Griffin or Lake Tuggeranaage Ginninderraas not had a history of significant
water quality issues that hawesulted inextensive lake closure$he current lake water quality
issues that affect recreation aritle aesthetic values of the lalere confined taare cyanobacterial
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blooms andregular high Enterococci concentrations, with concentrations of all other water quality
parameters typically within the acceptable range.

Lake closures occur each year but are neither frequent nor exter@osre data are only available
for the recreationakeasons from 2015 to 202&hichshows that the lake is typically open for more
than 75% of the recreational seas@etween 205 and 202, LakeGinninderrawasclosed to
recreational activities for at least some of the recreational season each yeardeechaither
cyanobacterial blooms or high Enterococci concentrati@gsures have been more frequently
as®ciated with high Enterococci concentrationgcurring in each of the pasevenyears. @sures
because of high cyanobacteria concentratitiaseonly occurredin four of the pastsevenyears,but
these appear to have been precautionaagthe cell count data would ndiave supported closures
in allfour years.

The shores of Lake Ginnindexraryfrom the highly modified areas around Belconnen Town Centre
John Knight Par&knd thebeachego the more naturalandscape of the Yellow Box Gum woodland
on the peninsula to the north of the lak€hepaved edges of the lake adjacent trestaurants, fod
outlets and shopsorth of Emu Bank Drive are often plagued with rubbish fromnéarbyfood

outlets, detracting from the visual amenity of the arekhe urban parklands and beaches provide
mixedornamental and visual valugthe condition of which isefined by the level of management
effort and intensity of human activityAreas that are adjacent key recreational area@vith

parking) and a high intensity of both human activity and regmaintenance activities provide
reasonablevisual amenityout tend to be dominated by introduced species andnaged

ecosystems.

Thepeninsulaof Lake Ginninderra providea more natural landscaphat is dominatecan overstory

of native speciesThe northern arm of the lake is dominated by fringing rewith patchyriparian

tree coverand the areas adjacent the old naval tracking station are completely devoid of tree cover
While these areas generally display a more-sa#ftaining ecosystem, they are still subject to the
pressures of human activities that mtluce rubbish and other pollutants, as well as exotic and
invasive plantsA suite of informal pathways ocaground the northern arm of the lake ands the
suburb of Lawson continues to develop, these areas are likely to receive greater recreational
demands and will require additional management effort.

Do the aquatic ecosystems and water quality ofdke support the expected values by providing
habitat for flora and fauna?

The banks of Lake Ginninderra are mainly composed of grasses and shrhlyeamyt being

introduced species. Birds such as the Crested Stitikad White Winged Triller utilise the shrubs

and trees surrounding the lake, while the Superb Parrots and Regent Honeyeater use the ironbark
plantings as a food sour¢CT Government 201@yatches of native vegetation eiiscluding the
woodland on the peninsula on the northern end of the lake with Yellow Box Ghisimix of

introduced and native species is consistent with many of the managed parklands of the ACT

Watewatch provides the only systematic and regular evaluation ofléik&R ecological conditian
Catchment Health Indicator Program (CH#&pprtsfor the past three yearhave presented the site
condition for thelakeasfair (C rating.
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The Rapid Appraisal ofgarian Condition (RARC) score is used by Waterwatch to give an indication

of the riparian conditiopwith values meetingxcellent, good, fair, pooor degradedconditions The
appraisal occurs every two years andsassessed at Lake Ginninderra in 20A®%17, 201%nd
2021. In these years, the overall condition of the vegetation was consige@dHowever, insuch
managed parkland environments, the RARC is not the best way of evaluating the cooidition
riparian areas.

In contrast with Lake Tuggeramg and Lake Burley Griffin,ast ofthe Lake Ginninderranarginhas
fringing reedbedshat provide habitat for waterbirds and animals such as turtles, frogs and macro
invertebrates Their presence imdicative ofa lower trophic stateand better ecological condition.

How effectively is thieke acting as a water quality control pond to mamt@wnstream water
quality?

Data that would inform the water quality performancelaike Ginninderra are confined to the main
stem ofGinninderra Creelwith no information availableon the water qualityfrom the stormwater
network on the southern side @he lake.Further,inflow andoutflow datafrom Ginninderra Creek

arebiasedto low flowLISNA 2 R4 ¢ KAOK R2Sa y23G SyFrotS F FlF AN S¢

data suggest that the lake is not having an adverse effect on water quality durintplewdriods
but the data are not suited to a more comprehensive evaluation.

4.3.2 Knowledge gap

[ 1S DAYYAYRSNN} Aa O2yYY2yfeée (K2dAKG 2F | a
lakes, with few closuredue to highcyanobacteria concentrationsLhis has been partly attributed to
a lower degree of urban development within the catchmgdmnit the recent urban expansion in the
Ginninderra Creekeadwatersmay mean there are additional pressurestbe lake.Historically

[ 1S DA YgyangbRegiiabam@unity was dominated bfphanocapsapecieswhile Lake
Burley Griffin and Lake Tugrgnongwere dominated byDolichospermunand Microcystisspecies.
More recently Microcystisspecies in Lake Ginninderra have become more frequentwaitial the
increasing urban development in the Lake Ginnindeat@hment concernsxist forfuture water
guality. One of the challenges of predictisigchissues is often a lack of data that would enable the
catchment and lake water chemistry to be characterised tedefore provide context for
predictionsand future managementake Ginninderrand its inflowing creeks have received
considerablyjess attentiorregardingwater qualityand flowmonitoringcompared with the other
major Canberra lake€onsequentlythere are limited data available that could suppart
evaluation of the lak@ perbrmance andperhaps more importantlypredictions ormanagement

decisionsGiven the urban expansion of the catchment, it would be prudent to invest in monitoring

Lake Ginninderrandits inflowing creekgo ensuee the existing high quality of water is nméained.
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5. Thestate of the ACRurban creeksand rivers

There areeightmajor urban creeks and rivers in the ACT that traverse the major catchment areas.
These includ¢he Molonglo River (upstream and downstream of Lake Burley Gafficipullivans
Weston YarralumlaGinninderra, Tuggeranorand KippaxCreekgFigure6). This review covers the
state ofGinninderra Creek, MolongRiver (upstream and downstream of Lake Burley Griffin),
SullivanCreek and Tuggeranong Creé&ke technical analysis underpinniihg assessments are
included inAppendicesto J and the reader is encouraged to refer to thppendixmaterial to

better understand the interpretation provided herEar less extensive data sets are available for
Weston Creek, Yarralumlagek and Kippax Creeland so are not evaluated here.
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environmentsdelivering varied recreational and cultural values to the community. These creeks and

rivers provide habitat for flora and faupand provide the community with opportunities to participate

in recreational activities such as cycling, jogging and wa({lclgirmer et al. 2018)

Urban creeks and rivers within the ACT deliver a wide range of valbestiéhe population and the
environment. These include habitat availability, flood mitigation, improvement of aesthetics,
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improving recreational opportunities, engagement of Indigemand other cultural values,

protecting ecological values and contriing to the liveability of the ACT communifhCT

Government 2014b)The ACT Water Strategy stipulates that a community that values and enjoys
clean, healthy catchments and waterways should be plediaccess to this resourgan which
residentscanundertake waterbased or wateidependent recreational activities without concern for
their healthas a result oéncountering contaminated water. This also means that riparian and
aguatic ecosystems areqvided with safe, clean water that allows these ecosystems and associated
biodiversity to be healthy and resilie(ACT Government 2014b)

The ACT Government is responsible for managing the urban creeks andutérsre iscurrently

no direct strategy or Adhat encompasses the management of these ar&¥dsile planning and
YFEylF3SyYSyid R20dzySyida SEAAG F2NJ /I yoSNNI Q& dzNB Iy
exist for the urban creeks and rivefithe ACT Aquatic and Riparian Conservation Stréfegy

Government 2018awhich generally deals with the rivers and streams of the, Gds not cover

urban waterwaysThis means the urban waterways ananaged under the broadeemit of the

I/ ¢ Qag0d44nwater Strategy Outcomes (AG@vernmen2014p 2 and p %

Outcome 1: Healthy catchments and waterbodies

Strategy 1: Achieve integrated catchment management across the ACT and region
Strategy 2: Protect and restore aquatic ecosystems in urban and nonurban areas region
Strategy 3: Manage stormwater and flooding region

Outcome 2: A sustainable water supply es efficiently

Strategy 4: Secure long term water supplies

Strategy 5: Manage and promote water services efficiently and sustainably

Outcome 3:A community that values and enjoys clean, healthy catchments and waterways
Strategy 6: Provide clean and safater for the ACT

Strategy 7: Engage the community on understanding and contributing to a more sustainable city
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These Outcomes suggest requirements for the quality of water and aquatic ecosystems within
/' ' YyOSNNI Qa dzNbBly ONBS1a IyR NAGSNE o0¢FoftS mnoo
TablelowS|j dZA NBYSy G a F2NJ GKS ljdzZh t AGe 2F g+ GSNIFYR Fljdz GAC

It should be noted that these requirements are infermed are not part of the ACT Government planning
documents.

1 Maintaining acceptable water quality to suppa@twide range of informal recreational
activities associated witbreeks and rivers

I Maintaining viable and sustainable aquatic ecosystems

1 Maintaining apects of thecreeks and riverthat supportecological functiosincluding water
guality and aquatic plant and animal populations

1 Prevent and control floods by providietearflow pathwaysfor urban runoft

¢KS adlrasS 2F /FyoSNNIQa dzaNbFy ONBS{1a syttt NRA FS NI
address how well the creeks and rivers meet the requiremshtsvn inTheseOutcomessuggest

NEIljdzZA NSYSyida F2N) GKS ljdzr tAde 2F 6L GSNJ FyR I 1jdzk i
rivers (Table 10).

TablelO:

9 Are the aguatic ecosystems and watprality suitableto support the recreational functions of the
creeks and rivers?
1 Is thewater of sufficient quality to support the aquatic ecosystems of the creeks and rivers?

These(or similar)evaluation questions will be addressed for the four main urban creeks agi v
the following sections.
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5.1 Gihninderra Creek

Ginninderra Creek isgartly perennialstream that begingear thenorthern boundary of the ACT

and NSWili KS adzf £ A 3| y Qa . IrCcbritrast tdontady atNeB urbarSsiréamdiSetains a
relatively natural formrather than having been concrete lined to manage the high flows from urban
runoff. It drains a catchment area of approximat@®4 knv?, flowing in a soutiwesterlydirection
through Gungahlirand Belconnetefore flowing west to join the Murrumbidgee River in NSive
catchment comprises a mix of urba®¥fo), rural 80%) and conservation/recreation landus&§%o)
(Figure?). It is reportedthat more than 42% oACT residents live in the catchment of Ginninderra
CreekohQwSAtte SiG Fftd HAnHMO

Ginninderra Creek /

Kippax Creek

Catchment
Murrumbidgee
River Landuse
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Figure7. Map of Ginninderra Creek catchment showing the distribution of different landuse categories.

Several named tributaries contribute flow to Ginninderra Creek, including Gooromon Ponds Creek,
Gold Creek, Gungaderra Creek, Cow Flat Creek and BedulluckASrédwedee is only a single gauging
station in the catchment (located on Ginninderra Creek upstream of the confluence with Gooromon
Ponds Creek), the relative contribution from the different tributaries is unable to be determined.
Mean annual flow in the lwer reaches of the creek is around 15,000 ML/year, and MIOear at

the Barton Highway gauging statiohaplell). There has been a notable increasennual flows

from 2010 onwardsKigure8) that may be a result of the urban development that has occurred in

the upper catchment over this time pedo

2 Most documentation about Ginninderra Creedtatesa catchment area of 320kinThe authorshave been
unable to reproduce this numbemndtheir GIS team advise it is 2R,
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Tablell. Hydrological metrics for Ginninderra Creek.
Data sourced from the Bureau of Meteorology Water Data Onlitip:(/www.bom.gov.au/waterdata/) and
the ACT Government

Annual Flow metrics

Station Mean Median Max Min
(period of record) (ML/year) (ML/year) (year) (year)
Ginninderra Creek upstream

Charnwood Road410750) 14,865 13,718 39,106(2021) = 4,033(1994)
(1979;2021)

Ginninderra Creekipstream Barton
Highway (410751) 7,104 5,172 35,153 (2021) 99 (1980)
(1980;2021)
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Figure8. Annual flow in Ginninderra Creek between 1980 and202
Data sourced from the Bureau of Meteorology Water Data Onlittp:(/www.bom.gov.au/waterdata/) and
the ACT Government.

There are several major impoundments in the Ginninderra Creek catchment. Gungahlin Pond and

Lake Ginninderra are on the main stem of Ginninderra Chéekabi Pond is located on the eastern

arm of Ginninderra Creek, affthe+ | f £t S& t 2y R | yR adzZ t A3dlyQa Cfld 5|
drainage linesExceptfoa dzf t A 3 yQa Cfld 51YX GKS&aS AYLRdzyRYSYy
Water Sensitive Urban Bign (WSUD) infrastructure in the catchment and provide both recreational
opportunities and potential water quality improvements in the creek.

Ginninderra Creelaind its surrounds provide an importastreamcorridorthrough the northernand
westernsuburls of CanberraThe creeKlows through numerous public parksroviding a focus for
community recreationand thereare populampedestrianandbike patts alongside significant
portionsof the creek.The lastfew kilometresof the creekbecome aseries of fallshrough
Ginninderra Gorgea spectaculaand reasonably wefbreservedremnant natural area of substantial
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interest to some members of theommunity.Ginninderra Creek and its riparian areas are madage
by the ACT Government

5.1.1 The current @ate of Ginninderra Creek

Addressing thevaluationquestionsfor Ginninderra Creeldtraws on supporting material included in
Technical AppendicdsandF.

Arethe aquatic ecosystems andater qualityof Ginninderrareek suitabld¢o supportits

recreationa functions?

Ginninderra Creefrovides a range of aesthetic and recreational valiessungahlin and Belconnen
The negative impacts of human activities are often present, with high concentrations of suspended
sediment and rubbiskransported by the creekThese are typically deposited in the upstream
sections of the lakes and ponds that have been built on the creek

Increasing urban development across the catchment, particularly in Gungamlirthe past 1§20
years, has negatiygimpactedthe creek.Sediment runoff fromthis urban developmenhas been an
issuge andmore than 60% of théurbidity levelsrecordedin the ceekover the past 10 yeaisave
beenabovethe acceptablegange.This appears to be slightly worse upstream of Lake Ginninderra
compared with the observations downstream of taée.The turbidwater of the creekis
accompanied byow concentrations oflissolved oxygemigh nitrogen concentrations and high
conductivity, making it challenging faa healthy aquatic ecosystem to flourish

The banks oGinninderra Creekomprise a mix of native and exotic vegetation dite all urlan

areas, they are subject to the pressures of human activities that introduce rubbish and other
pollutants, exotic and invasive plants, as well as create informal pathways among the riparian
vegetation. Thd&RARG@ssessmenfior the urban rivers and creelkdentifies the riparian zone dair

to degraded with verylow scoresacross all aspects of theegetation except for covem urban
settings the RARG@nay not bethe most appropriate evaluation of the riparian condition as it is often
managedn a manne that means it may neveachievea goodscore but without specific guidance
about the expected ecological condition or the targeted ecological conditimhaccompanying
monitoring data, it ishe only available information

Is the water of sufficient quality to support the aquatic ecosysten@mmiinderra Creék

While phosphorus concentrations and p¢torded in Ginninderra Creek are almost alwgy@9%)
within the acceptable rangeurbidity, electrical conductivitydissolved oxygen and nitrogen
concentrationsn Ginninderra Creek aregularly outside the acceptable rargspecified in the
Environment ProtectioRegulation2005 Turbidity and electrical conductivitievelsare more
frequentlyabovethe acceptable range in the upstream Waterwatch sites, compared with the
downstreamsites.The higher levels of turbidity and conductivity in the upstream sitey be
caused byunoff from theurban development thahas been occurring in thepper catchment over
the past 10 yearsThere have been improvements in the upstream turbidity leseise 2014hat
may reflect changes in the location of urban development in relation tesémpling locations.
However, vithout spatial data regarding development in the atéat has been collected at an
appropriate frequencyit is difficult tobetter understand these patterngdhe downstream
improvements in turbidity are likely to be in paraused byhe trapping of sediment in Lake
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Ginninderra(see Section 4.3)n contrastdissolved oxygen and nitrogen concentrations are more
frequently outside the acceptable range in the downstream sites.

ACTGovernmentmonitoring ofthe macroinvertebrate communities i@inninderra Creek indicates
that the instream biological communitanges betweersignificantlyandseverely impairedrhis is

not dissimilar to other monitored creeks in the urban areas of Canberra and is most lfkalgtian

of the quality of the urban runoff and degradedstream habitatln contrast, macroinvertebrate
community data collected as part of thaterwatch program suggest the macroinvertebrate
community upstream of Lake Ginninderraetter, and moreconsistently betterthan that recorded
downstream.The two programs collect quite different data setdifferent locations andise
different approaches talata analysis. It is possible that the differences observed are the result of
differences in site charactdaut could also be methodological. It is recommended that to improve
communication of the monitoring resultspnsideration be given to how the two programs could be
better integrated to informcreekmanagement.

5.1.2 Knowledge gap Ginninderra Creek

There areseveralWaterwatchmonitoringsites on Ginninderra Creek that have provided valuable
data, but these are limited in their temporal resolutidne toa focus on low flow sampling. It is
likely thatthese data tell a more pos$ie story about the water quality conditions of tieeeek than
would be toldfrom monitoringa broader range of flow condition$hey are also limited to thereek
downstream ofGungahlin Pondnearingthey miss the opportunity to detect the effects of
runoff from the newer developments in the headwaters of the catchm@&iven continued
development in the headwaters of Ginninderra Creek, and the cugitié of Lake Ginninderra as
one of the better urban lakesnvesimentin developing aetter understandingf the water quality
in the creekto inform management that enabdamaintenance oexistingwater quality is
recommended

Thereare twogauging statioain the Ginninderra catchmenboth located on the main stem
making understandinghe relative contribution®of both flow and nutrient loadfrom the tributaries
impossible. This has implications for future interpretation of water quality daddiculaty pollutant
loads.
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5.2The Molonglo River

The Molonglo Rivaiises on the western de of the Great iding Rangén Tallaganda National
Park It flows north then northhwestthrough/ I LJG I A afidQueadbéyariefore itenters the ACT
at Oaks Estate arid joined by theQueanbeyan RiveThe river then flows weghrough Canberra
where it has been dammed to form Lake Burley Griffirdon to join the Murrumbidgee Riverear
Uriarra Crossingt drains a catchmendrea of just under 2000km?, approximately one thiraf

which is theQuearbeyan Rivecatchment Theentire MolongloRivercatchment comprises a mix of
urban ©%), rural §4%) and conservation/recreatiotanduses Z7%)(Figure9).

Severatributaries contribute flow to the Molonglo River, mdstingupstream ofthe ACT border
(Figure9). The greatest volume is contributed by the Queanbeyan Rivevidingbetween10 and
80% of the flow irany one yeaat Oaks EstatéTable 12)The relative contribution from the
Queanbeyan River is dependent on revailing weather conditiong€ombined with theoperation
of Googong Dam

The Molonglo River also receivdischarge fronthe two mainwastewatertreatments plants in the
region. TheQueanbeyan Sewerage Treatméthant (STP)operated by Queanbeyan Palerang
RegionalCouncilQPRGC)discharges treatedastewaterinto the Molonglo Riveupstream of Lake
Burley Griffin at Oaks Estatthe! / ¢ Q& Ydwatef treatinentiplant, the_owerMolonglo
Water Quality Control CentieMWQCCJlischarges treatesvastewaterinto the Molonglo Rivejust
upstream of the confluence with the Murrumbidgee River at Uri@rassing

The Molonglo River has played a pivotal role in the sitinQasfberralt is dammed to provide the
National Capital with its major water feature, Lake Burley Griffirdis therefore significant as the
main source of water fathis lake. Additionally, theiver itself provides important visual and
recreational ameity for the Canberra community and provides habitat for aquatic and riparian
species. Until recently, the major recreational feature of the Molonglo River in thevaslTake
Burley Griffinput the urbandevelopment of Molonglo Valley has resulted in aeu® on theriver
corridor between Scrivener Dam and the Murrumbidgee River. As the population increases in
Molonglo Valley, this reach of the Molonglo River is likely to see increased pressuraditom
construction and local residents (see more on thiSéction8.3).
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59



Tablel2. Hydrological metrics for the gauging stations within Melonglo River catchment
Data sourced fronthe Bureau of Meteorology Water Data Onligt://www.bom.gov.au/waterdata/).

Annual Flow metrics

Station Mean Median Maximum Minimum
(period of record) (ML/year) (ML/year) (year) (year)
Molonglo River | Oaks Estate 41072¢ 118,225 73,957 617,518 3,733
(1964¢2021) (1974) (2004)
Molonglo River = Coppins Crossing 127,141 86,394 566,376 8,160
410756 (1989) (1982)
(1979%2021)
Queanbeyan ACT Border 29,787 18,150 190,207 2,266
River 410770 (1978 (2009)
(1978;2019)

Within the ACT, the river managed by the ACT Governmganid theNCAis responsible for
managing Lake Burley Griffin aitslforeshoregseeSectiord.1for more on Lake Burley Griffin)
There is a specific plan of management for kh@longlo Rivedownstream of Scrivener Dam: The
Molonglo River Reserve Management PIAGRT Government 2019d)his document identifies the
az2f2y3at2 wi@SNI wSa S Nd@drepieée running’tardaghéthie Mglangld- Valleyy I (i dzNJ
a dzo dZA@TaEGQvernment 2019c 13), and the river and its riparian areas are noted as providing
important habitat forboth aquatic specieanda number of important plants and animaWhile the
scope othe managemenplan is quite broadprotecting the naturalness of the reserve and
improving the ecological condition of the river and riparian zaaresidentified as some of its key
objectives Achieving these objectives relies protecting thequality of water and the ecological
character of the river and its riparian areas.

5.2.1 The current state of the Molonglo River

Addressing the evaluation questions for the Molonglo River draws on supporting material included in
TechnicaPppendices E and Because there is a specific plan of management for the Molonglo

River Corridor downstream of Lake Burley Griffin that setssoaie broad management objectives,

an additionalevaluation questiorhas been included to address the expected visual amenity of the
river.

Is the water of acceptable quality to support the recreational functiotiseoMolonglo Rive?

The Molonglo Rivemmediatelyupstream ofLake Burley Griffirs used for wateskiing and
consequentlyneedswater of a quality suited t@rimary contact. Downstream of Lake Burley Griffin,
the riveris not expected tde used for primary contact activitiethe ACTGovernmentmonitors
cyanobacteria and Enterococci bacteria levelthatwaterski areaas wellasa siteimmediately
upstream of thelake The data setanalysedas part of the review have not included a record of
these attributesasnot alldatawere available during the preparation of the report and those that
were available are fron2018onwards

The Molonglo River upstream of Lake Burley Giififfected by the negative impacts of human
activitiesin the catchmentwith regular high concen#itions of sediment and rubbish present in the
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reach.Turbidity levels are frequently above the acceptable ramgespective of the flow conditions
Therubbish accumulateand some of the sediment is depositedthe upper reaches of Lake Burley
Griffin.

Do the aquatic ecosystems and water quality ofrilier provide the expected visuahenity?
Downstream of Lake Burley Griffin, turbidity levels have historically been high during wet periods
where there are substantial releases from Lake BuBgifin. Howeversince 2019, turbidity levels in
the river have increased markediyhis idikely to be associated withrbandevelopment in the
Molonglo Valley. More than 70% of the turbidity levels recorded inrivier in 2020 and 2021 have
been abovehe acceptable range compared with fewer than 40% in the precetieg years.
Interestingly, prior to 2019, the turbidity downstream of Lake Burley Griffin was generally better
than in the upstream reaches, suggesting that the lake was having a pesgféceon water quality

in theriver. In the pastwo years, the turbidity downstream of tHake is worse than upstream,

which suggests the local sediment contributions are negating the water quality benefits of the lake.
This issue is explored further Eection 8.3 and highlights the need to better manage the runoff from
the development occurring in the Molonglo Valkeyprotect the aquatic ecosystenand maintain

the visual amenity of the water.

The banks of thivolonglo Rivecomprise a mix of nativand exotic vegetation andike all urban
areas, they are subject to the pressures of human activities that introduce rubbish and other
pollutants, exotic and invasive plants, as well as create informal pathways among the riparian
vegetation.Upstream ofLake Burley Griffirthe riparian areas aralsofringed by &otic and invasive
speciesThe RARGcores for this section of the river identifies the riparian zonpas, with low
scoresacross all aspects of the vegetati@ownstream oLake Burley Griffin, thRARGcores are
slightly better with the riparian zone identifié asbeing infair to poor condition. The better scores
for this reach of the river are because of the greater proportion of native vegetation in this reach.
While inmost urban settings thRARG@nay not be the most appropriate method of evaluating
riparian condition, it provides a reasonable tdot the Molonglo River bygffering potential
improvements ofthe riparian areas to a more native and functional habéatl consequent visual
amenity.

Is the water of sufficient quality to support the aquatic ecosystems of the creeks and rivers?
Concentrations of phosphorund dissolvd oxygen as well as p&hd conductivityrecorded in both
the upstream and downstream reachekthe MolongloRiverare commonlywithin the acceptable
range with between 70and 100% of the readindallingwithin this rangeasspecified in the
Environment Protection Regulati@@05 In contrast nitrate concentrations and turbidity are
regularly outside of the acceptable rangehese higher concentrations of nitrogend turbidityare
likely to haveadverse effects on instream aquaéicosystemsHigh turbidity levels and the
incidences of extremsediment inputs downstream of Lake Burley Griffin drparticular concern
for the aquatic ecosystems of the crefdee Section 8.3)These have the potential to smother
habtat and cause significant impairment of the aquatic ecosystems, reducingptieervation
values of the Molonglo River corridor

ACT Government monitoring of the macroinvertebrate communitigeenMolonglo River occurs at
a single site upstream of Lakarkey Griffin at the Sutton Road Bridg&hese datandicate that the
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instream biological communitig typically significantly impairediith the mostrecentscores
suggestingevere impairmenof the autumn macroinvertebrate communityrhe impaired instgam
biological communitys most likely a function djoth the water qualityand degraded irstream
habitat. It isunclear what has caused the recent declindldSRIVA&ores but it may bedue to
drier autumns experienced in the region rather than apgcificlocal activities.

As part of the Waterwatchrogram, macroinvertebrate data are collected both upstream and
downstream of Lake Burley Griffilm contrast to the ACWonitoring data, these da sets suggest
the upstreammacroinvertebrate community is typically considergabd Themacroinvertebrate
community at two siteslownstream of Lake Burley Griffin is also generally considgoed except
for the spring macroinvertebrate community recordpst upstream of the confluence with the
Murrumbidgee RiverThis suggesthat there may be some impact on the Molond@aoverbetween
Coppins Crossing and the Murrumbidgee conflughe¢ may be attributableo the influence of the
LMWQC®ut would require further investigation.
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5.3Sullivan<reek

SullivansXeek is situated in the inner north of Canberra and forms one oeightmain ACT
catchments Sullivanseekcommences in Goorooyaro Nature Reserveear Old Joe Hill and flows
throughthe rapidlydevelopingGunghalirsuburbs of Throsby and Harrisand the grasslands of
Kenny It thenflowsthrough the older suburbs of Canbefa A Y y; hdldusffaianlakonal
University(ANU)andfinally into Lake Burley Griffilhecatchment is52.4 km? andhasa north

south length of 1Zxm and an easivest length of 4.%m. The catchment comprises a mix of urban
(43%), rural (10%) and conservation/recreation landus@%jdrigurel0).
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Figurel0. Map ofSullivanCreek catchment showing the distribution of different landuse categories.

Downstream oflemington Roadhe creekis aconcretelined channel, designed to transport
stormwater more efficiently. The vegetation surrounding the creelnprisesative grasses, reeds

and scattered trees of various species. This vdg@iavas removed in the process of converting the
creek to concrete channetnd replaced with turf and mixture of native exotic andinvasivetrees.

The concrete channels are devoid of aquatic life, presenting no framework or refuge for biological
processesAs the creeklows throughthe ANU., it has been landscaped to be aissrofponds

connected bygrassed channels

LYy Y2NB NBOSyid @SINERX (KS !/ ¢FPADSRNYBGHt RERATY ¢
across the landscape to improve the water for the environment and the growing population. A
portion of these have been installed in tieillivanCreek catchmen(ACT Government 2018b)

These wetlands include the FlemingtBoad Bnds Mitchell;David Steet Wetland,h Q/ 2 y'y 2 NJ
Banksia $eet Wetland,h Q/ 2 yHgvddld Steet Wetland,Dicksonand Goodwin Steet Wetland
Lyreham (ACT Government 2014)he wetlands and ponds have attracted frogs, macroinvertebrates
andbird species, and more species have appeared as the associated planting has nidtarsuher
North Reticulation Systeiis a stormwater harvestingnd managed aquifer recharge system (ACT
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Government 201passociated with the wetlandbat was designed taisethe water collectedn the
wetlandsfor the irrigation ofpublicgreen spaces in the catchmefithisimprovesthe supply of
water for local communiy assets (public green spacegsarticularly during dry periodss well as
providingfocal points for the communitthrough the constructed pond systems.

A serieof urban drains contribute flow t&ullivansCreek, the largest of thedmingfrom the

foothills of Mount Ainslieand collects runoff from the suburbs of Ainslie, Haclkeill DicksonNone

of thetributariesare gaugedmearingit is not possible to determine the relative contributions to
the main creek. Mean annual flow 8ullivansCreek is between,200 ML/year at Southwell Park and
slightly more than ®00 ML/year at Barry Driv@ ablel3). By flow, tis makes it the smallest of the
four urban creek systems evaluatethere has been a slight increase in the annual flow volumes in
the creekfrom 2010 onwardsdespitethe staomwater harvesting program in the catchmefftigure
11). The increasgflow in the creekmay be a result of the urban development that has occurred in
the upper catchmensince 2010

Tablel3. Hydrological metrics f@ullivansCreek.
Data sourced from the Bureau of Meteorology Water Data Onlitip:(/www.bom.gov.au/waterdata/).

Annual Flow metrics

Station Mean (ML/yr) Median Max
(period of record) (ML/yr) (year)

SullivansCreek at Barry Drive

(1986;2021) 5,170 4,133 12,914 1,178
SullivansCreek at Southwell
Park (19802021) 2,000 1,372 6,358 551
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Figurell. Annual flow inSullivan<reek between 1980 and 2021.
Data sourced from the Bureau Mieteorology Water Data Onlindttp://www.bom.gov.au/waterdata/) and
the ACT Government.

The upper half oSullivanreek flows through reserve and farmland and has eroded and incised,
likely because of esrland clearing. There assosmall farm dams on the creek and tributaries that
slow the flow of water. These upper reaches are vulnerable to further erosion and incision if flows
were to increase as@sultof urban development in the aredheSullivansCreek corridor provides

an important pathway through the northern suburbs of Canberra, with a key bike path travelling
along the floodway of the creek from Mouat StreetLynehanto the ANU and the citySections of

the corridor provide ornamental angesthetically pleasing scenery and the suite of wetlands that

are located within the catchment are kegcreationalfocal points.The creek is also a focal point
throughthe ANU, andt has undergone some significailemodellingas part ofthe recent campus
modifications.Sullivan<reek and its riparian areas are managed by the ACT Government and ANU

Facilities and Services.
5.3.1 The current state oSullivan<reek

Addressing the evaluation questions fullivangCreek draws on supporting negial included in
Technical Appendicds and HSullivan<Creek can be consideredtiree parts the reachthat flows
through reserve and farmlanfdom the headwaters to Flemington Roé&tie upper reach)the highly
urbansed reachthat flows through theinner north suburbs tahe ANU(the mid reach)and the
section that flows througlthe ANU to Lake Burley Griffithe lower reach)Thefeatures of these
reachesare markedly different The data available for the upper and mid reaches are either sparse
andnot suited to the evaluation or from wetlands along the creek systira.longest data set
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available is fronseveral sites withithe lower reach meaninghe assessment of the currestate is
focused on tisreach with some commentary provided around tineid reach

Are the aquatic ecosystems and water qualitysaflivansCreek suitable to support the recreational
functions and visual amenity of tloeeek?

SullivansCreek provides aange of aesthetic and recreational valueghie ANU andhe inner
northern suburbs of Canberrds with other urban creek systems, the negative impacts of human
activities are often present, with high concentrations of suspended sediment and rubbish
transported by the creeKlypically, hese are deposited in the upstream sections of the ponds built
along the creek.

Generally, he quality of water in the lower reach 8ullivan<reek igoor, with low concentrations
of oxygen, high turbidity and high nutrient concentratiansall regularly outside the acceptable
range These detract from the visuamenity of the creek andlespitethe works implemented by
the ANUGrounds Managementhe creek water is often bladsignifying a high organic contermt)
highly turbid.

Research in the late 199(Byer 2000)mplicated thesequence of th&ross Pollutant TrafisPTat
Barry Driveand the pond at Toad Hgkn ANU student residencéf contributing to water quality
problems in the lower reaches of the cre@ke substantial amount of organic matter (primarily
leaves) trapped in the GPT and Toad Parde thought to becausinghe release oflissolved
nutrientsas the organic matteloroke down. Consequently, mnagement of the GPT was changed
includeclearing out these locationgnore frequently but the stockpiling of material from the GPT
besideSullivan<reek to enable dewatergis unlikely to have solvetthe problem.

Theconcretelined channels of the mid reaches®illivansCreekhave no ecological value, with
green filamentous algae and the occasional yatbieymain biological attributes of the creek. The
guality of water in theereachess not regularly monitoregbut the research ofUbrihien et al.
2019a)suggests that concentrations oitrogen and phosphorus are regularly well above the
acceptable range.

The riparian areas @he mid and lower reaches &ullivan<reek are highlgnanaged, typically
comprisingmown grass and tree plantingaith a mix of native and exotic vegetationheRARC
assessment for the urban rivers and creeks identifies the riparian zoiad &s poor. As previously
mentioned, h urban settingsthe RAR@nay not be the most appropriate evaluation of the riparian
condition as it is often managed in a manner that means it may never achieve a good score, but
without specific guidance about the expected ecological condition or the targeted ecological
condtion and accompanying monitoring data, it is the only available information.

Is the water of sufficient quality to support the expected aquatic ecosystems of the creeks?
SullivangCreek and its urban tributaries have been retrofitted with poddsigned ¢ improve the
guality of water in the creekwith three of these provithgreticulated water for irrigation via a
neighbourhood scale stormwater harvesting systdimese ponds have resulted in improvement in
the water quality of the creek, particularly ured low flows with reductions imutrients observed
across the ponddVhilethe water quality inthe creek remains poor, without these interventions it is
likely to be considerably worse.

In the lower reaches ddullivansCreek concentrations of nutrierg and turbidity are highand the
concentrations of dissolved oxygen are low. This is likely to result in a highly modified aquatic
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ecosystem in the creek and contributes poor quality water to Lake Burley Griffin. Data from the mid
reaches of thereek suggest this is an issue for at leégshighly urbanised reachebut these

reaches also lack the natural features that would enable an aquatic ecosystem to déasdjvely,
despitethe poor water quality in these reaches, the macroinvertebraenmunity is consistently
identified as beingood.
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5.4Tuggeranong Creek

Tuggeranong Creek is a partly perennial citbek beginsnear the ACT and NSW borasrst ofthe
Monaro Highwayndsoutheastof the suburb of Theodore. The creek flomsth alongsi@ the
highway beforgurning west andravelling through the suburbs @alwell, Richardson, Isabella
Plains and Bonythqgmvhere it is impounded to form Isabella Poaddthen Lake Tuggeranong
(Figurel2). The creek is a concrete lined channel for most of its length only the small sections
upstream of the Monaro Highway and downstreanLake Tuggeranong retaining natural forfime
catchment comprises a mix of urbad3), rural(29%) and conservation/recreation landuséz8%.

Severatributaries contribute flow to Tuggeranong Cred@kcludingunnamedtributaries through
FaddemnandWanniassahat join upstream of Lake Tuggeranong. Kambah Creek and Village Creek
alsoflow into Lake Tuggeranongdditionally,a complex stormwater networkunsthroughout the
Tuggeranong suburkzndchannes urban runoff into the creeks and river&.single gauging sian
operates within the catchment, located duggeranong Creek downstrearfiLake Tuggeranong.
Flows in this section of the creek dileely to be significantly influenced by theke and the lack of
gauging stations throughout the catchment medhe relative contributions from the tributaries and
the influence of the lake on downstream flows are unable to be determined (see also Sé@&ion
Meanannual flow in the lower reaches of the creek is around 10,000 ML{Byle14), which is less
than either Ginninderra Creek &GullivanCreek.

Tuggeranong Creek and its tributaries flow through urban corridors within the southern suburbs of
Canberra. Theoncrete lining of a substantial portion of the creek and its tributaries upstream of
Lake Tuggeranong means they offer little visual amenity to the commuamiti/the recreational

values of the creek resenare not founded on the water quality or aquatécosystems of thereek.

The main functionality of these areas is the capacity to move flows efficiently and effectively away
from urban life and properties. Downstream of Lake Tuggeranongiréek flows through the

Urambi Hills Nature Reserve and ptaréand before it joins the Murrumbidgee River. Tuggeranong
Creek and its riparian areas are managed by the ACT Government.
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Tablel4. Hydrological metrics for Tuggeranong Creek.
Data sourced from the Bureau of Meteorology Water Data Onlitip:(/www.bom.gov.au/waterdata/).

Annual Flow metrics

Station Mean Median Maximum Minimum
(period of record) (ML/year) (ML/year) (year) (year)
Tuggeranong Creek (410
Hag g (4109) 10,546 10,142 | 24,903(2010)  2,839(2019
(19862021
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5.4.1 The current state of Tuggeranong Creek

Addressing the evaluation questions for Tuggeranong Creek draws on supporting material included
in Technical Appendic&sand|.

Are the aquatic ecosystems and water qualityofjgeranondXeek suitable tsupport the
recreational functionand visual amenitpf the creek?

Upstream of Lake Tuggeranonbetoncretelined Tuggeranong Creek and its major tributaries are
almost entirely devoid oécosystem valueNaterwatch reports include reference to the ciebeing
full of rubbishwhich detracts from any possible visual amenity providdte riparian vegetation is
poorto degraded beingpredominantly made up dhvasiveweed specieand mown grass

Downstream of Lake Tuggeranong, the creek has a more naturabiwds fringed byeeds,

grassed slopes and casuarimath the riparian condition considered to Bair to poor. The current
river and creek water quality issues that affect recreation treaesthetic values of these areas are
likely to be a result of highly turbid water and low dissolved oxygen concentrafionisidity is
frequently high in this reach, but dissolved oxygen concentrationsamedy outside of the
acceptable rage.

Is the water of sufficient quality to support the aquatic ecosystems of Tuggeranong Creek?
Thewater in the upstream reaches of Tuggeranong Creedgglarly outside the acceptable range
for one or more water quality parameter§he poorest water quality parasters areconductivity
(EC)nitratesandturbidity, which is consistent with water in concrete lined draivihile
phosphorus concentrations are generally within the acceptable range for urban streams, the
concentrations are sufficiently high that thegin readily support algal bloom problems in Lake
TuggeranongThe macroinvertebrate community in these upstreasaches arevariable and
frequently classed gsoor. This may be attributed tboth substandarchabitat and water quality
impacts.

The macroinvertebrate community in the reach below Lake Tuggeranongsfngebeing similar

to reference through to severglimpaired depending on the seasdrhissuggessthe quality of

water and/or habitat is also impaired, but that the effects are not consistent across seasons. There
has been an improvement in the autumn macroinvertebrate communities over the past teg year
accompanied by an improvement in dissolved oxygen concentrations in the creek, but a decline in
turbidity and nutrient concentrationkas also been observed

Downstream of Lake Tuggeranong, the conductivity improves marlatithere is slight

improvement in the dissolved oxygen concentratipsigggesting improvements in water quality
caused by the lakdn contrast, the nitrate concentrations, turbidity and phosphorus concentrations
are worse downstream of the lake thaipstrean, indicaing the effect of the lake is parameter
specific.Nitrate andturbidity are frequently outside the acceptable range for aquatic ecosystems in
urban creekswhich may explain some of the impairment in macroinvertebrate community observed
in the creek.

70



5.5Knowledge gapand opportunities urban creeks and rivers

Although all other waterbodies in the ACT are guided by planning and management documentation,

thereis no explicitocumentationguidngi KS Y I y I 3SYSy i 2F (GKS IA5¢ Q& dzNJ
this makes it challenging to assess whethaexpected condition oqualityis being metit is

recommended that the urban creeks and rivatsobe includednthS ! / ¢ Q& &1 GSNJ YI yI 38
plans

Long term consistent data sets are availalite a small number o$ites within the ACT monitoring
network, and it has been an extensive job to compile a-yearassessmentf even just a few sites
Some of the best available data comes from the Waterwatch datawhtsharereported annually.
There is an opportunity for Waterwatch to produce a reguéaety fiveto 10 yearskevaluation of
trends and patterns in the datinat would provide far more comprehensive coverage than the
report provided herebut this would be a significant exercised require substantial investment

The ACT WatdReportg ACT Government 202@jovided a valuable synthesisf the management of
water resources and water quality in the ACT. These brought together information from a range of
sourcesand were ausefulresource. They do not appear to have bgenduced since 20k4.5and

much of the informatia included in them is now no longer available to the general publatuding

the riverhealthassessmenstundertakenin the urban creeks of Canberaing the

macroinvertebrate community data

The macroinvertebrate community data collectas part of theACT Water Quality monitoring

programprovides rareO2 YLINBKSy aA @S aaSaayvySyda 2F GKS | ljdz @
urban creeks and rivers. These data are not well integratedthe broader ACT Water Quality

monitoring programtherefore opportunity existsto combine the traditional water quality
monitoringundertaken by the ACT Governmenith the macroinvertebrate community monitoring

to better understand patterns in the data and infoereekmanagement.

In summary, there is a strategic bodf workwith the potential tocombinethe management of

urban creeks and riverdevelop planning and management documeatsi build on existing

programs andlata sets to provide more completer LILINR | OK G2 YIFylF3Ay3 GKS 1
and rivers.
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6. The state of the! / c¢u€ban pondsand wetlands

Constructed ponds and wetlands found in the urban environmenteatablishedorimarily to
address humatinduced water quality impacts and are regularly used as part of water sensitive
urban desigrinfrastructure(Kadlec et al. 2000; Wong 2008he AC®B urban ponds and wetlands
are designed with the aim to improve water quality through pollution control, reducing flow,
promoting settling of solids and removal @ntaminants(Abbott et al. 2008; ACT Government
2019b; Ubrihien et al. 2019a9s well as delivering a multitude of ecosystem services including
enhancing biodiversity, improving aesthetics, community involvement and recreational
opportunities.

There are currently 198 constructed urban ponds and wetlands in the ACT with a combined surface
area of more than 216ectares (Figurel3) that are maintained by the ACT GovernmghCT
Government 2021a)This review covers the state of the Coombs A and B Ponds, Dicksgn Pond
Lyneham Pondlarramlee Pond and Yerrabi Poad well as an overall assessment of 15 ponds and
wetlands withavailablelongterm data setgseeTable53). The technical analysis underpinning the
assessments are included in Appendikés Q, and the reader is encouraged to refer to the material

in the appendix to better understand the interpretation provided here.

The main function of the ACT's constructed urban ponds artthigs is to maintain and enhance
the water qualityof urban stormwater and runoffwhich contributes to the ecological functioning of
urban environmentgAbbott etal. 2008; ACT Government 2019b; OCSE 28bh)ds and wetlands
remove nitrogenphosphorusand suspended sediments from stormwater and urban ru(agT
Government 2014b; ACT Government 2019a; ACT Government 2p&hading downstream
benefits to the ACT's lakesidthe Molonglo and Murrumbidgee RiveiSCT Government 2021Lb
These constructed areas also provide flood mitigation during storm and high flow events by
capturing runoff from surrounding urban catchmeisCT Government 2014b; ACT Government
2019b) Sites such as DicksBond LynehanmPondand FlemingtorRoad Bnds play a significant role
in reducing peak flood flows whicim turn, provides flood protection for surrounding and
downstream resident§ACT Government 2021a)

¢KS !/ ¢Ua dzNDBty LRYyRa FyR ¢gSiftryRa INB Fftaz I ON
contribute greatly to aesthetic values and recreational oppoities including the fithess, health and
social wellbeing of the ACT's reside¢adbott et al. 2008; ACT Government 2019b; OCSE 2015;
Schirmer et al. 2018Although the majority of the ACT's urban ponds and wetlands are small in size,
whichlimitsthe capacity for recreational activities within the wai@raft Canberra Urban Lakes and
Ponds Land Management Plan 2Q1tie open spaces and outdoor settings allow for social
gatherings and leisure activiti€ACT Gowament 2019b; Schirmer et al. 2018) addition, locations
such aghe FlemingtorRoad PondsDicksorPondand Lynehanifond canprovide a fit for purpose

water storage source which benefitse maintenance of local racecourses, golf courses and

irrigation for playing field¢Abbott et al. 2008; ACT Government 2014b; ACT Government 2019b;
OCSE 2015)
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Figurel3. Map of the! / ¢ufban ponds and wetlands

Qutdoor spaces that incorporate waterways are higlgyued by the local community as they
provide an appreciation for and the opportunity to interact with the natural environn{&@T
Government 2019b; GEE 2015; Schirmer et al. 201B)e ACT'arban ponds and wetlands are
designed tdbe attractive as well agunctional community assets. The Mawson Pond has been
identified as a locatio for an outdoor classroopand many other urban ponds and wetlands within
the ACT have created significant community engagerttenughvolunteering and educational
opportunities.Design of these areas which incorporate leisure areas, native macropmdesearby
vegetation provide an attractive outdoor environment and reduce urban heat pollugiddingto

the liveability of the citf{ ACT Government 2014b; ACT Government 2019b)

The ACT'arban ponds and wetlands e valuable habitats whigln turn, increases biodiversity of
the area and provides both aquatic and terrestpabtectionfor a variety of native birds and other
wildlife (Abbott et al. 2008; ACT Government 2014b; ACT Government 2019b; ACT Government
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2021a; Cullen 1991Ensuringhe design of these areas incorporate diverse array of native
macrophytes and shrubs increaseesthetic valueandhabitat space and promotes conservation
(Abbott et al. 2008; ACT Governmef@1Ba) Maintaining good water quality in these areas is also
essential for macrophyte establishment and the protection of riparian vegetatitbich are both
ecologically valuable for bank stabildaynd pollution and nutrient captur@nd provide a buffer zone
between urban areas and the waterwal/sbbott et al. 2008)Ensuring a high level of water quality
contributes to the protection of fish and waterbird populations as webBafeguarding the
maintenance otommunity recreatioal venuesandareaaesthetic§Abbott et al. 2008)

TheDraft Canberra Urban Lakes and Ponds Land ManagementAZdnGovernment 2019is)a
documentthatRINS &4 Sy i a GKS FNIYSEg2N] 3FdzZARAY3I GKS YIyl 3S
in a manner responsavto a range of environmental and community val@d$e report describes

the vision for the urban lakes and ponds of the ACT, discusses management intentions and strategies
andhighlighs performance indicators and measures. The managembjgatives raied in thePlan

(ACT Government 2019tare drawn from thePlanning and Development Act 200 ablel5).

Tablel5. Management objectives for lakes and ponds, as stated in accordance with the Planning and
Development Act 2007

1 Prevent anccontrol floods by providing a reservoir to receive flows from rivers, creeks an
urban runoff.

1 Prevent and control pollution of waterways.

Provide for public use of the lake or pond for recreation.

1 Provide habitat for fauna and flora.

=

The state othe urban ponds and wetlandsan be assessed using evaluation questions that address
how wellthe ponds and wetlands meet thmanagement objectiveshown inTablel5:

T 126 STFSOGAGSt @ | NB (KS adting ashvater dziliigbryfol padgicR & | Y R
maintain downstream water quality and fl&w

f 52 GKS 1/ ¢Q& dz2NDbly LIRYyRa& laghRetidaBdicommyitya LINE OA RS
recreational values?

f Do theaquaticecosptemsl YR ¢+ G SNJ ljdzr £t Ade& 27F (K SupbarttheQd dzND |
expectedhabitatvalue®

These evaluation questions will be addressethe following sectionfor the sixselected ponds and
wetlands as well as the overall state of ponds and wetlandwith longterm datasets(seeTable
53).
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6.1 Coombs A and B Ponds

The Coombs A and Coombs B Ponds were built in 2011 andrdpéctivelyand are located in the
Gunghalirsuburb of Coombs. The ponds wemnstructed at the time bdevelopment othe
suburb,and effectively acted as sediment basins collecting runoff during the construction,phase
whichis likely to account for the high rate of sediment accumulation in the gétidvium 2016)
They now act to retain and improwtormwater runoff and to meet the regional targets set in the
I/ owatér sensitive urban desighiMSUD code (Alluvium 2016)

The Coombs Rond has a surface area of 1.fi8ctaresand a volume of 35.FIL (Alluvium 2016)In
addition, the Coombs Aond area as percentage of catchment area is 1.3&@h primary land use
in the catchment as low densitysielential(Tablel6). There are currently no documented
catchment land use figures for the CoombBdBid, but they can be considered to sit within thamme
catchment as the CoombsRand. There idimited further documented information on the
background and objectives of either pond.

Tablel6. Catchment land use for Coombs A Pond.
Data sourced fronAlluvium (2016)

Land Use Area (ha) INCENCH)] ‘
Residentiahigh 19 14%
density

Residentiallow 71 52%
density

Commercial 7 5%
Urbanopen space 14 10%
Natural/Bushland 17 13%
Roads/Transport 7 6%

TOTAL 135 100

6.1.1The current state ofhe Coombs A and B Ponds

Addressing the evaluation questions foe Coombs A and B Pondiws on supporting material
included in Technical Appeixd-

How effectively are theoombs A and B Poratsing as water quality control ponds to maintain
downstream water quality and fl&wv

The ACT's urban ponds and wetlands are designed to improve water quality, removing nutrients and
sediment before the water is discharged downstream into receiving waters. The water entering the
ACT's urban ponds and wetlands from urban streams and drains is often high in nutrients and
suspended solidDyer 2000; Ubrihien et al. 2019%#)d the role of these sitds to provide an

opportunity for sediment and nutrients to settleesulting in improved water quality downstream.

Data collected byJbrihien et al. (2019aguggest thaboth the Coombs A andB®ndsareimproving
and maintairmng downstream water qualitywith the majority ofdata demonstratinglower
concentrationsof nutrientsin the outflowing water comparedith the inflowing water It appears
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that both ponds are more effective at removing nitrogéan phosphorugrom the systemand that
improvements in phosphorus concentrations are inconsistent over the monitoring periods.

There are currently no longrm data available to asseksw the Coombs A and Bondsare
performingin reducing suspended soliddowever data collected byJbrihien et al. (2019auggests
that in particular the Coombs Bond demonstrated a lower concentration of suspended sediment in
the downstream locations and is likely to be effectively reducing sediment inrtian system.

Do theCoombs A and B Porqtevide the expected aesthetic and community recreational values?
The aquatic ecosystems and water quality of the Coombs A &dd’ provide a range of aesthetic
and visual valuedut the negative impacts of huam activitiesin particular development and
construction activity within the catchment during the earlier years of this assesstmanbeen quite
evident at this sitewith approximately 46% of the catchment undergoing developni@titivium
2016) Beyond urban developmerthe negative impacts of human activities are not recorded for
either pond.Like all urban parklands, they are subject to the pressures of huctavities that
introduce rubbish and other pollutantndexotic and invasive plants, as well as create informal
pathways among the riparian vegetatidout the extent of these pressures and the performance of
the pond are unknown.

Do the aquatic ecostegms and water quality of theoombs A and B Porgigoport the expected
habitat values?

Theannual averag@hosphorusconcentrations from 201G2019 within the Coombs A andA®nds
are within the acceptable range more than 90% of the timigh some elevate@oncentrations of
phosphorusand nitrogen observed intermittentlyrhismay be an indication of irregular
contamination events rather than a persistent problem.

Total suspended solids (TSS) from 22029 recorded at both ponds were within tlaeceptable
range 86% ofthetimey KA OK Aa F &AAYAf I NI GNBYyR aSSy | ONRaa
Both ponds weravithin the range generally displayed for pH and performed well for dissolved

oxygen suggesting these systems are therefore likelpitovide acceptable habitat for a range of

aquatic species.

The conditiorand performanceof vegetation and available habitat both the Coombs A and
Coombs Bronds are not documentechor arethe state of macroinvertebrate communities within
both ponds.
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6.2 Dickson Pond

Dickson Pond is located within ti&illivanreek catchment and is part of tisullivansCreek and
Inner North Reticulation Network completed in 2011. The pond receives urban stormwater runoff
from a large concrete stormwater channel and has primary objectives to improve water quality,
enhance urban habitat and to supply water for irrigatiorlocal playing fieldss€eTable53). The
outflow from the pond continues downstream througfire Dickson channel &ullivan<Lreek to the
Lyneham Podh.

6.2.1The current state obickson Pond

Addressing the evaluation questions foickson Pondraws on supporting material included in
TechnicaAppendixM.

How effectivelys Dickson Poratting asa water quality control pond to maintain downstream water
quality and flow

The ACT's urban ponds and wetlands are designed to improve water dyaignoving nutrients

and sedimenbefore the water is discharged downstream into receiving waters. The water entering
the ACT's urban ponds and wetlands from urban streams and drains is often high in nutrients and
suspended solidDyer 2000; Ubrihien et al. 204) and the role of these sites is to provide an
opportunity for sediment and nutrients to settleesulting in improved water quality downstream.

TKS 1/ ¢Q& dzNB |y Lidsh&alydémpriRtraing anfeffegfive deductidiBinutrients
from the systembut the data suggest that Dickséondis much less effectivd.he pondrecordeda
reduction inphosphorudrom inflow to outflow forfewer than half of all sampling yearand nitrate
concentrations either increased or showed mealuction from acrossostsampling yearsThe

reason for thisvasthought to be a water lealipstreamthat waspermanentlycontributinghigh

guality treated water(potable water)}o the Dickson channgiherefore providing low nutrient water

to Dickson Pondt the inflows.This has not been verified, but the information has been provided to
the ACT Government

There are currently no lonerm data available to assess how the wetlands are perfornmng
reducingsuspended solidPata collected byJbrihien et al. (2019auggesthat DicksorPond
demonstrated a higher concentration of suspended sediment in the open water and downstream
locationsthan other pondsand isthereforethought to be lesffectiveat reducing sediment in the
urban systemHowever, this is not a fair interpretation of the dafthe concentrations afuspended
solids ae low in the inflow channel, the open water areas and the downstrehamnel compared
with other similar locationai the area(e.g. Lyneham Pond)f there is an input ofood qualitywater

to the Dickson channel, thigould likely also result ialow concentration of suspended solids in the
inflows. Under these circumstancgfie wetland wouldappear to beperforming poorly but there is
little capacity for the wetland to improve water quality.

Does Dickson Popdovide the expected aesthetic and community recreational values?

The aquatic ecosystems and water quality of Dickson Pond provide a range otiaestlevisual
values However, the negative impacts of human activities can be quite evigeith the entrance to
the trash rack blocking easijlyausing water to bypass DicksBond and limiting treatment of that
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water (Alluvium 2016) This reduces the ability of the pond to improve water quadityd it detracts
from the aesthetic values of the pond. Local volunteers at Dickson Pond have collected many
kilograms of rubbish peyear from within the pondgmproving the visual amenity of the pond. The
involvement of volunteers in maintaining and supporting the community values is particularly
important as there are ngovernmentresources available to provide regular rubbisHeazilon.

Visual commentary associated with Waterwatch datasieveraloccasions indicate that during
periods of no flowthe water within DicksofPondappears turbid. This is likely to impact on the
visual amenity of tis waterway, but there seems to be no clear description of either cause or
longevity of the issue.

Vegetation includingnacrophytes, native grasses and tregsund and within DicksoRondwere
planted bymore than200 people during a Community Planting Day in 2@41T Government
2021c) Like all urban parklands, the surroumglareas of DicksoRondhavesincebeen subject to
the pressures of human activities that introduce rubbish atiteopollutantsand exotic and invasive
plants, as well as create informal pathways among the riparian vegeta&taive community
engagement such as that at Dickdéond contribute to far better maintained vegetation than seen
at other ponds angbroviding resources to support community groups to maintain these areas is
likely to be of significant benefit.

Do the aquatic ecostems and water quality ddickson Ponslupport the expected habitat values?

The quality of water in Dicksdfond over the st 10 years has been within the acceptable range for
freshwater ecosystems no less than 70% of the twith well performing results (>90%) for pH,
conductivity, turbidity and dissolved oxygen suggesting the pond is providing acceptable habitat for a
range of aquatic species.

The condition of vegetation arourfdicksorPondbetween 2015 and 2021 was classed as being in
poor condition 25% of the time anith fair condition 75% of the timgpossiblyindicaing the pond is

not performing toits full potential. The approach used to establish the riparian vegetation condition
was designed for the riparian areas of rivers and is not designed for a constructed urban system
where the vegetation has been planted and is maintained by local community gradpsask
managers.

Data collected from the Waterwatch MonitorirRyogramindicates that Dickson Poriths supported
a consistently good condition for macroinvertebrate habitat and taxa richness
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6.3 Jarramlee Pond

Constructed in 1994Jarramlee Pond is the suburb of Dunlopwith a catchment area of 752,424
m?. The pond receives inflow from urban stormwater runoff and sits on Ginninderra Qviigk
then flows through Jarramle@/est MacGregor Grasslands Nature Resefhere is limited further
documentedinformation on the background and objectives of Jarramlee Pond.

6.3.1The current state ofarramlee Pond

Addressing the evaluation questions ftarramlee Pondrdws on supporting material included in
TechnicaAppendixN.

How effectivelys Jarramlee Poratting asa water quality control pond to maintain downstream
water quality and flo®

The ACT's urban ponds and wetlands are designed to improve gty by removing nutrients

and sedimenbefore the water is discharged downstream into receiving waters. The water entering
the ACT's urban ponds and wetlands from urban streams and drains is often high in nutrients and
suspended solidDyer 2000; Ubrihien et al. 2019and the role of these siteis to provide an
opportunity for sediment and nutrients to settleesulting in improved water quality downstream.

There are currently no loagrm data available to assess hdarramledPond is performingin
reducingnutrients orsuspendedsolids.However, data collected bybrihien et al. (2019ahdicae

that JarramleéPond was effective at removing both nitrogen and phosphorus concentrations from
the inflow to downstream sitg, as well alicitinga small reduction in TSS from inflow to
downstream sites at the pond.

Deces Jarramleondprovide the expeed aesthetic and community recreational values?

Although he aquatic ecosystems and water quality of Jarranfmed provide a range of aesthetic
and visual valueshe negative impacts of human activities are not recordgle all urban

parklands, they are subject to the pressures of human activities that introduce rubbish and other
pollutantsandexotic and invasive plants, as well as create informal pathways @utienriparian
vegetation but the extent of these pressures and the performance of the pond are unknown.

Visual commentary associated with Waterwatch data for Jarrafbeel identifies occasional
instancesvhenthe water within the pondvasturbid with the presence of algae. This is likely to
have an impact on the visual amenity of these waterwaws there seems to be no clear description
of either cause or longevity of the issue.

Do the aquatic ecosegms and water quality dfarramlee Ponslupport theexpected habitat values?
The gquality of water in Jarramlé®nd over the past 10 years has been within the acceptable range
for freshwater ecosystemmsiore than 90% of the timewith all water quality parameters performing
well. Thissuggessthe pond is providing acceptable habitat for a range of aquatic species.

The condition of the vegetation arourddrramleePond between 2015 and 2021 was classed as being
in poorcondition 100% of the time. The condition of the vegetation may indicate the pond is
possibly not performing tds full potential. The approach used to establish the riparian vegetation
condition was degined for the riparian areas of rivers and is not designed for a constructed urban
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system where the vegetation has been planted and is maintained by local community groups and
park managers.

The state of macroinvertebrate communities within Jarramlee Hemit documented.
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6.4 Lyneham Pond

Lyneham Pond is located within tisllivanreek catchment area and is part of tBallivanreek

and Inner North Reticulation Network completed in 2012. The pond is located immediately upstream
of the SullivanCreek confluence and receives urban stormwater runoff from a stormwater network
of concrete pipes and channels. The primary objectdfdsyneham Pond are to improve water

guality, enhance urban habitat and to supply water for irrigation to local playing fisdedS &ble53).

URS (201()as estimated water quality performance for LynehBomd as a 8% reductionn total
suspended solids144% reduction in total phosphorus and 498 reduction in total nitrogerbut it is
unclearwhetherthe pond has met these estimates sirtbe date of construction. The outflow from

the pond continues downstream throuddullivan<reek eventuallydischarging intd_ake Burley

Griffin.

6.4.1The current state okyneham Pond

Addressing the evaluation questions fgmeham Pondraws on supporting matél included in
TechnicaAppendixO.

How effectivelys Lyneham Poratting asa water quality control pond to maintain downstream water
quality andflow?

The ACT's urban ponds and wetlands are designed to improve water dyaignoving nutrients

and sedimenbefore the water is discharged downstream into receiving waters. The water entering
the ACT's urban ponds and wetlands from urban streams and drains is often high in nutrients and
suspended solid@Dyer 2000; Ubrihien et al. 2019and the role of these siteis to provide an
opportunity for sediment and nutrients to settleesulting in improved water quality downstream.

There are currently no loagerm data available to assess hdle LynehanPondis performingin
reducingnutrients orsuspendedsolids.However, data collected bybrihien et al. (2019ahdicae
LynehamPond was effective at removing both nitrogen and phosphorus concentrations from the
inflow to downstream sitegbut there was no significant reduction in suspended solids from inflow to
downstream sitesWhile the Ubrihien et al. (2019ajata set indicates some removal of phosphorus
and nitrogenthe proportionof phosphorus removedould appear to be considerably less than the
URS (20109stimate but similar to the estimates of nitrogen removal.

DcesLyneham Pongdrovide the expected aesthetic and community recreational values?

The aquatic ecosystems and water quality of Lyneham Pond provide a range of aesthetic dnd visua
values but the negative impacts of human activities can be quite evigeith the upstream Gross
Pollutant Trap likely to be too small for the catchment and becoming blocked after high flow events
(Alluvium 2016) This reduces the ability of the pond to improve water quality and detracts from the
LJ2 y &eStietic values.

During a Community Planting Day in 20ddlunteers planted 200 native grasses and shrubs at
LynehamPond(ACT Government 2021¢)ke all urban arklands, the surrounding areas of Lyneham
Pondhavesincebeen subject to the pressures of human activities that introduce rubbish and other
pollutantsandexotic and invasive plants, as well as create informal pathways among the riparian
vegetation. Dudo high flow areas and frequent disturbance at the LynelRamd spillwaythere
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have been a number of historical issweith establishing vegetation in this aréalluvium 2016)In
addition, there have been challenges within establishing sheds around the banks of the pond
which are relatively steep and often inundatedth water (Alluvium 2016)

Visual commentary associated with Waterwatch data for LyneRamdidentifiesthat, on a

significant number of occasiorthe water within thepond has appeared turbidnd surface scum or

oil slickslitter and odourhave been presentThis is likely to have a large impact on the visual
amenity of this waterwaybut there seems to be no clear description of either cause or longevity of
the issue During dry conditions, which are a common occurrence at Lynétand strong smells

may be associated with decaying organic matter.

Community activities at LynehaBond have included significant community involvementiuding

school visits and community education sessions, with interpretive signage at the site helping to raise
wider awarenesgAlluvium 2016)Considering this, it is likely that Lyneh&wondis performing well

in providing the expected communityecreational values.

Do the aquatic ecosgms and water quality afyneham Pongupport the expected habitat values?
The quality of water in LynehaRondfrom 2014 to 2021 has demonstrated a range of performances
between water quality parametersvith some areas such as pH, turbidity and conductivity all within
the acceptable range for more than 90% of the tiHewever, fnosphorus TS&nd dissolved

oxygen were underperformingvith some years recording data outside the acceptable range for
more than 70% of the time. This suggests the pond is performing better at some water quality
parameters than others but is still likely to be providing acceptable habitat for a range oi@quat
speciegnostof the time.

The condition of the vegetation around thenehanPondbetween 2015 and 2021 was classed as
being in poorcondition 75% of the time anih fair condition 25% of the time. The condition of the
vegetation may indicate the porid possibly not performing tis full potential. The approach used

to establish the riparian vegetation condition was designed for the riparian areas of rivers and is not
designed for a constructed urban system where the vegetation has been plantedraadhiained

by local community groups and park managers.

The condition of the macroinvertebrate communities at Lyneham Pond is for the majority
categorised apoor, indicaingthe pond is nosupporting ahealthy functioning macroinvertebrate
community. Visual commentary associated with Waterwatch dataseveralsampling occasions
indicatesthere are ofen low water leveland rubbish within the pondvhich is likely to have an
impact on theavailability of suitable habitaind taxa richness @hacroinvertebrate communities.
Thereareno clear descriptions of either cause or longevity of the issue
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6.5 Yerrabi Pond

Yerrabi Pond is located within the Ginninderra Creek catchment area and wasictetin 1994 as
part of the Gungahlin Stormwater Pollution Control and Belconnen Flood Protection Strategy. The
pond receives urban stormwater runoff from surrounding suburbs and the outflow from the pond
continues downstream through Ginninderra Cre€lknninderra Pond and eventualiyschargsinto
Lake Ginninderra. The primary objectives of the pond are to limit pollution downstream at Lake
Ginninderraas well aso provide aesthetic and recreational valu¢seeTable53).

6.5.1The current state oferrabi Pond

Addressing the evaluation questions foerrabi Pondiraws on supporting material included in
TechnicaAppendixP.

How effectivelys Yerrabi Pongicting asa water quality control pond to maintain downstream water
quality and flow

The ACT's urban ponds and wetlands are designed to improve water dyaignoving nutrients

and sedimenbefore the water is discharged downstream into receiving waters. The water entering
the ACT's urban ponds and wetlands from urban streams and dsaifien high in nutrients and
suspended solidéDyer 2000; Ubrihien et al. 2019and the role of these sites is to provide an
opportunity for sediment and nutrients to settleesulting in improved water quality downstream.

As a generadssessmenthe datasuggestyerrabiPond performs effectively asawater quality
control pondto improve and maintain downstream water qualityith mostnutrient concentrations
demonstratinglower concentrations in outflowing water compared to inflowingter. There are
currently no longterm data available to assess h&terrabiPond isperformingin reducing
suspended solids.

Dcees Yerrabi Porrovide the expected aesthetic and community recreational values?

The aquatic ecosystems and water quality ofralei Pond provide a range of aesthetic and visual

values but the negative impacts of human activitiggarticulaty development and construction

activity within the catchment during the earlier years of this assessjies been quite evident at

this site with a number of high turbidity events detracting from these val(f&tuvium 2016)

Alluvium(2016)has also identified there are inherent design limitations at Yefahd, with

YAYAYLFE YIONRLIKe&GS O2dke AllluBah parkiands, Kefraind isisGbjetd & S R3S d
to the pressures of human activities that introduce rubbish andeothollutantsand exotic and

invasive plants, as well as create informal pathways among the riparian vegetation.

Some of the ACT's urban ponds and wetlands experience regular cyanobacterial thlabdetract
from the ornamental and visual values, but ffeeare confined to summer periods and are consistent
with the water quality control features of the ACT's urban ponds and wetlafidsal commentary
associated with Waterwatch data for Yerrdboind identifies frequent occasionghenalgae has
beenpresent and Alluvium (2016noted during their study the pond was closed to contact activities
due to algae. This is likely to have an impact on the visual amenity of these watelnwbijwere

seems to be no clear descriptions of eitfrause or longevity of the issue.
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Do the aquatic ecosems and water quality oferrabi Pondupport the expected habitat values?

The quality of water in YerraBond over the past 10 years has been within the acceptable range for
freshwater ecosystemsmless than 80% of the timeith well performing results (>90%) for pH,
phosphorusturbidity, total suspended solids and dissolved oxygen suggesting that the pond is
providing acceptable habitat for a range of aquatic species.

While the water quality ha generally been within the acceptable range, the 2014 fishtkilkerrabi
Pondisthe type of adverse outcome that can arise from shmetiods of very poor water quality.
Reports othis fish killstate a large number of Murray Cod were killed over ad2fy period(ACT
Government 2014c)nvestigatios failed to determine the reasons for thevent, but it was

considered likely thashortterm warm temperatures and low dissolved oxygen conditions may have
beencontributing factors.

The condition of the vegetation arounéerrabiPond between 2015 and 2021 was classed as being in
poor condition 86% of the time and degraded condition 14% of the time. The condition of the
vegetation may indicate the pond ®ssilly not performing taits full potential. The approach used

to establish the riparian vegetation condition was designed for the riparian areas of rivers and is not
designed for a constructed urban system where the vegetation has been planted and is neaintain
by local community groups and park managers.

The condition of the macroinvertebrate communitigsYerrabi Pondhay suggest thain the earlier
sampling yearghe pond wasot performing toits full potential. However from 2017 onwards it
appears Yerrabi Pond haspported a consistently good conditiéor macroinvertebrateéhabitat and
taxa richness.
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6.6 Other ACT urban ponds and wetlands

puj

| 2¢6 STFSOGAGStEE IINB (GKS !/ ¢Qa quadiyddntydl phddlstdRa |y
maintain downstream water quality and flow?

The ACT'arban ponds and wetlandsre designed tamprove water qualitypy removing nutrients

and sedimenbefore the water is dischargedbwnstream into receiving waterghe waterentering

the ACT'sirban pondsand wetlanddrom urban streams and drains often high in nutrients and
suspended solidDyer2000; Ubrihien et al. 2019a8nd the role othese siteds to provide an
opportunity for sediment and nutrients to settleesulting inimproved water quality downstream.

As a general assessmetite longterm data suggest thatollectively the urban ponds and wetlands
are performing effectively as water quality control ponds to significantly improve and maintain
downstream water qualityThis has also been suggested in a more detailed studylyhien et al.
2019a) who undertook weekly samplingp demonstrae the urban pnds and wetlands across a
range of catchments and agesre providing a valuable service in the stormwatetwork by
reducing concentrations of nutrients astispendedsolids moving through the system.

Analysis of datdrom 15 ofthe ACT'sirban pondsand wetlanddor this reportsuggests the urban
ponds and wetlands are consistentducingnutrient concentrationswith lower concentrations in
outflowing watercompared to inflowing waterThis supports the more detailed studydbrihien et
al. (2019a)The nutrient removal performance of theatlandsvaries with time and between
wetlands. Ponds such &emington Pond and Yerrabi Potwhsistentlyremove a significant
proportion of the nutrientswhereasDicksonPond and David Street Wetlandse less effective

¢ KS | dairr&r dadd geview suggestsat, across a variety of ponds and wetlanttse removal
of phosphorushas beermore effective than the removal of nitrogefhis is contrary to the more
detailed study ofUbrihien et al. 2019ayho reported the pondsvere less effective at removing
phosphorus than theyere at removing nitrogenThere are currently no lorgerm data available to
assess how the wetlands are performingeducing suspended solids

52 (GKS !/ ¢Qa dzNb |l y LI gkpestedlagstReticaSdicdmmyinRydreclieitidng A R S
values?

The aquatic ecosystems and water quality of &E€T'ponds and wetlandprovidea range of
aestheticand visual value$ut the negativeimpacts of human activitiesan be quite evident in
some areagwith rubbish collecting in inlet zoneAs the wetland collect stornwater flows from
urban drains, they also collect rubbigtat is then deposited within the pond or wetland
environment. While this forms part of the water quality improvement charactehefwetlands, it
detracts from the aesthetic values of the pontlecal volunteers at Dicks#tond have collected
many kilogram®f rubbish per year from within the pondisnproving the visual amenity of the pond.
Theinvolvement of volunteers in maintaimg and supporting the community values is particularly
important as there are ngovernmentresources available to provide regular rubbish collection.

Some of the ACT's urbgmondsand wetlandsexperience regular cyanobacterial bloothat detract
from the ornamental and visual values, hiliese are confined to summer periodad areconsistent
with the water quality control features of th&CT's urban ponds and wetlandi¢hile an
improvement tothe inflowing water quality wold be beneficial tahe aestretic and recreational
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amenity of theACT's urbapondsand wetlandsone of their mainpurposesis to treat and manage
inflows. At times the expectations of these urban waterways are not wetjaéd.

The vegetation around and within th&eCT's urbaponds and wetlands has been planted and is
maintainedthrough regular mowing and managemeuwgbnsistent with the management of the

urban park estateThere are limited resources to actively nageweeds andundertake routine
maintenance other than mowin@.he regions surrounding the ACT's urban ponds and wetlands
comprise a mix of native and exotic vegetation, the condition of which is defined by the level of
management effort. Like all urban parkiis, they are subject to the pressures of human activities
that introduce rubbish and other pollutantsdexotic and invasive plants, as well as create informal
pathways among the riparian vegetatiddondsand wetlandswvhere there are active community
groups (such as Banksia&ttt Wetland) havdar better maintained vegetation associated with them
than do other ponds. Providing resources to support community groups to maintain these areas is
likely to be of significant benefit.

Visual commentargssociated withVaterwatch data foiseveralsites identifiedrequent occasions
whenwater within theACT'surban ponds and wetlands is turbid with a slight odour. This is likely to
have an impact on the visual amendj/these waterwaysbut there seemsd be no clear

descriptions of either cause or longevity of the isdDaring dry conditions, or drawdown of some
ponds, there are strong smells associated with decaying organic mhttethese rarely persist for
more than afew weeksoncethe pond or weland refills.

Do the aquatiecosystems YR g GSNJ ljdzt t AGe& 2F GKS !/ ¢Qa dzNBI y
expected habitat values?

The quality of water in the urban wetlands over the pi8iears has beewithin the acceptable

range forfreshwater ecosystemmsore than 75% of the timesuggesting they are providing

acceptable habitat for a range afjuaticspeciesNo noticeable trends in water quality were evident

with considerabléemporal and spatial variabilityeflecting variation irthe concentrations from

inflowing streamsather than longesterm trends

Thephosphorusconcentrations within the urban wetlands and ponds of the ACT witten the
acceptable rangenore than 90% of the timend nitrogen concentrations wergithin the
acceptable rang&5% of the timeHigh concentrations afitrogenwere observed intermittentlybut
these were not persistent and may be more indicativér@fgular contamination events rather than
a persistent problem(Ubrihien et al. 2019ajetected similar high concentration contamination
events in a detailed study sfxurban wetlands.

TSSwithin the urban ponds and wetlands were withire acceptable rang86% of the time. As
found with nutrients there is variation in the concentrations of TSS between individual, sittds
some such as Dickson Wetlands, Point Hut Rr@@ordonand Yerrabi Pond consistenthythin the
acceptable rangenore than 90% of the timeand others such as Lyneham Pawithin the
acceptable rangéess than 60% of the time.

The average of the combined data for all urban ponds and wetlands adt@ssnpling years recosd
pH values within guideline thresholds af®%more than 90% of the tim&anksia Street Wetland had
pH levels within guideline values 85% of the tjrmed Stranger Ponith Bonythonperformed
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exceptionally well and was below threshold vald€9% of the time. All urban ponds and wetlands
were withinthe range generally display forpH, and these systems atberefore likely to provide
acceptable habitat for a range afjuatic species

Thecondition of the vegetation around therban ponds and wetlands between 2015 and 202k
classed as being poor to fair conditiorand wasveryrarely classed as in good conditi@oth the
David Street and Dicksafletlands performed bestvith a classification dfair more than 80% of the
time. The approach used to establidte riparian vegetation conditiowas designed fothe riparian
areas of rivers and is not designed for a constructed urban systhere the vegetation has been
planted and is maintained dgcal community groups angark managers.

Macrophyte condition was also regarded as being very poor in most wet{@fidsium 2016)
suggesting that the wetlands were possibly not performing to their full potential.

67Yy2¢f SRIS 3l LAY !/ ¢Qa daNDBly LRYRa |yR

The ACT has invested sigrifidy inlakes, ponds and wetlands as key elements of the water quality
infrastructure of urban developments. There are limited data collected to evaluate the effeetigen
or longterm performance of these assetsearingthe capacity to learn from existing investment
andimprove over time is limitedWaterwatch data are usefubut are constrained byelatively low
sampling frequencywhich biases them toward low flow$argeted studies such atbrihien et al.
(2019a)are invaluableand it would be worthwhile undertaking regular targdtstudies to monitor
and understand performance.
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7. Management ofi K S lurbah Raierways

Management of urban waterways the ACTis predominantlythe responsibility of the ACT

Government, withthe NCAresponsible for Lake Burley Griffin. Within the ACT Government,
numerousgovernmentagenciesare delegated differing responsibilitieACTGovernment areasvith

roles that directly influence the management of urban waterways includdativironment,Planning

and QustainableDevelopmentDirectorate (EPSDDACT Planning and Land Autho(§CTPLAthe

Environmental Protection AuthorifEPA)ACT Health Directai@and Transport Canberrand City
Service§TCCSYhese stakeholderé | vy IS / F YOSNNI Q& dzNBly o GSNBI @&
legislation, regulations, strategic planning and policy documents that have been prepared with

differing objectives and goals in mai.

In addition to ACT government stakeholders that have direct responsibility and influence over the
management of Canberra waterways, there are numerous community stakeholders that ifmlide
are not limited tg community organisations, ndgbr-profit groups, private landholders and federal
Government departments.

A systematic approach to management entails a planning phase, an implementation phase, ongoing
monitoring of implementation, a review phase and identification of continual improvement néeds.
addition, comprehensive identification of relevant stakeholders, their roles andemgagement
between stakeholders occurs is key for effective communication outcoAwess the AGihe

range of agencies responsible for various aspects of urban water quality and comagitiear tolack
an overarching systematic approach to water quadityl urban waterwaynanagementThe

multiple strategy documents outline high level policy objectileg,the demonstration of
achievement through target setting, auifig and systematic review of achievement of objectiises
patchy Improvements to urban water quality managemenitcomes maye achieved byetailing a
systematic managemeroadmag2hat also includes documentation of key stakeholders and
communication strategiesThis can also assist in determining how identified knowlegges can be
filled, and by which government agency.

As anexamplekS I LILINR I OK (2 \rbayilakéshad @bnds ik gocuenied i) &

/' YyOoSNNI Qa ! Nbty [I1Sa IAgCRGovegwyld@fol) ah upgdatedffvhiehl y I 3 Sy
was published in draft form in 2019 (AG@vernment2019). The most recent draft reflects the

substantial increase in the number of lake®d ponds in the ACT over the past 20 years and has

been used as the guiding document fhis assessment. It is noted that the Draft Plan was published

in 2019 andat the time of writing isstill S E LIS OG SR (2 0 BisplaAof mandgeneil® WYa2 2y O
provides expected usefor the different lakes ancgonds a set of standards for water quality and

attributes of aquatic ecosystenamdthe approach to managing thetes as a community resource. It

does notprovide information about the datrequired to inform the effectiveness (or otherwise) of
management actiond-or most lakes and pondere are limited data collected that could inform

the effectiveness of management actidios meeting the specified standards

Similar documentation daenot exist for thairbancreeks and rivers of the ACllhe ACT Aquatic
and Ripaan Conservation Strate@ACT Government 2018ajhichgenerally deals with the rivers
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and streams of the ACdloes not cover urban waterwayand this is a notable gap in planning and
management.

Similarly Jimited management framework and responsibil#isound the collection of water samples
and data oralgd blooms and lake closuresve identified in this review. This managemegdp has
serious implications for both water quality management and public health outcomes.

7.1Indicators targetsand threshold values

The multipleagencieghat have responsibilitfor urbanwatersmeans that where information exists
about indicators, targets and threshold valuiss distributed across multiple documents and
managed by different agencies. At tim#sis leads to a lack of clarity around the specific targets and
thresholds that are in plagand there is the risk that inconsistencies will aridetably, e Draft

Urban Lake and Ponds RepOhCT Governmentdd9b)has slightly different thresholds from the

ACT Guidelines fétecreationalWater Quality, theEnvironment Protection Regulation 20¢8ues

for urban lakes and ponds (AQUA/3) and Ervironment Protection Regulation 20@8ues for

urban wetlands (AQUA/FEPA 2005While it is important that indicators, targets and thresholds
are regularly reviewed, it would be beneficial to establish a clear central point of documentation to
guide management.

Additionally, here is littlespecificguidance about the expected ecological condition or the targeted

ecological condition for most urban waterway$eEnvironment Protection Regulation 2005

establishes water quality targets and environmental standéodslifferent types of waterbdies

within the ACT. This includes recreational and aesthetic values of waterwayis anthe instances
incorporatesecosystem indicatorddowever, while standafor water quality parameters (e.g. total
phosphorus concentrations) and soreeosystem attributes (cyanobacterial cell couras) clearly

defined numerically and easy to appbthersare less cleat~or examplgethe standards specified for
aquaticmacraJK @ 1Sa o0020K Ft2FG4Ay3 YR NR2GSRO yR 02t 2
| 26 W2 0 2 SsOetekngingd isioped @ interpretation.

The Draft Urban Lake and Ponds Repa@T Government 2019pjovides targets for some
indicators of ecological condition for a range of zones within urban lakes and ponds, but similar
targets and indicators are not available for other types of urbatevways. This has made it difficult
to evaluate the extent to which the urban waterways are performmgelationto their desired

state. It would be valuable to establish a set of indicators of ecological condition for all types of
urban waterways to gde management activities.

7.1.1 Nitrogen

The ACT doamot specifythresholdvaluesor standarddor total nitrogenconcentrations in either
recreational waters or for the protection of aquatic ecosyste8tandards are established for nitrate
and nitrite in drihking water because of the public health risks associated with drinking water that is
high inthese compoundsFor recreational waters and aquatic ecosystgiing nitrogen to
phosphorugN:P)ratio of >12:1 isrecommendedbased orthe beliefthat nitrogen is not a limiting
nutrient for algalgrowth. This belief arose frorstudiesthat have shown thalN:P ratios ard&ey
determinants ofalgal populationgBiggs 2000; Guildford and Hecky 200@hile suchpublished
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studieshave alwaysuggestd high variability irthe stoichiometric thresholds for nutrient limitation
of algalgrowthin freshwaters generaW Nzt S & Havetendédde¥nd Beir way into
management approaches.g.blue-green algae dominance when ratios are below 30NSrRith
1983) DIN:TPratio should be maintained at a level of at least above 10, but preferably abofte 50
et al. 2018)

There has not been a systematic review of the literature to proviitkely acceptedyuidance to
water managersRecent literature continues to suggekere is substantial variability in the
stoichiometric thresholds for cyanobacterial growthlakes andthat the response of cyanobacteria
is complexwith a recent papedemonstrating thahigh N:P ratios enhanced the physiological
processes of phosphate uptake by cyanobactegther thanshifting species composition

(Aubriot and Bonilla 2018)r'he belief thatthe potential threat from nutrients in forming algae
growth is ameliorated in the effluent discharged due to its low phosphorus and high nitrate
concentration§YCommissioner for Sustainability and Environment, 2@l ) is risky and no longer
supported by mosinvolved in the management of algaboms(Chorus and Spijkerman 2021,
Dolman et al. 2012; Dolman and WienrP015; Hamilton et al. 2016; Harris et al. 2014; Maberly et
al. 2020; NCA 2011; Paerl 20lm)ndamentally tiimplies that an unlimited nitrogen concentration
is acceptablewhich is unlikely to have been the intent of the regulation.

It is recommended thathe specified standard for a 12N:1P ratforevisited b determine the
relevance to Canberra lakasd that threshold values faritrogen are established for the region.
These should be based on limiting factors to primary production rather than nutrient raties.
ANZECC guidelines offer default thresholdies for nitrogen for the protection of freshwater
ecosystemsand these would seem to be a good starting point for the establishment of standards

7.1.2 Phosphorus

The acceptable range of concentrations for total phosphorus in Lake Burley Griffin, which is based on
the historically recorded range of concentrations in the lake, lacks biological relevance to lake
processes. Phosphorus is recagyi as the limiting nutént for cyanobacterial blooms in lake
systemgHakanson et al. 20077 here is some thought that conceations below 0.025 mg/L are

limiting to cyanobacterial blooms (sgler example data inDolman et al. 202), and it may be worth
developing total phosphorus targets for theke in conjunction with targets for the inflowing

streams as part of a broadetrategy to reduce the incidence of cyanobacterial blooms.

7.2 Data

This report has drawn on data from a wide range of souicés | aaSaa GKS adlraS 27

waterways.While the data are limited in spatial and temporasolution, h combinationthey
provide reasonable coverage of the regidiris notable thathis research haselied heavily orthe
Waterwatch data sefor spatial coverageandthese datacontinue to make an important
contribution to understanding and managementtbé N5 3 Anatgr@sys.

There areémportant gaps in the data sehat have limitedd K S | dmidé&2aNdihgHow data
from the urban stormwater network is sparag¢ best anchon-existent in many cases. It is

3 DIN: dissolved inorganic nitrogefiP total phosphorus
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challenging tayauge the stormwater network, but the relative contributions from urban runoff are
currently very poorly understood. Given the notable contributiongpairticularly dissolved)
nutrients to the urbarlakes,ponds and wetlands, which are largely flow driven, there would be
value in gaining some understanding of flavsin the urbanstormwater network

Oneofthechallengea¥ G KS '/ ¢Qa & GSNJ ljdzr ft AGé RIFEGF asSaa Az
data. While Waterwatch provides valuable regular monitorindiok S Lrbath @sderways, it is
limited to monthly sampling and is biased towards low flows. GivenaHaige portion of nutrients
and other urban pollutants argansported in high flow eventshe assessment conducted here
likely missesmportant information that would be obtained from more frequent samplitigs
generally cost prohibitive to undertake continuous monitoring of water quaityl event sampling
is particularly challenging. Studies such as thodghohien et al. (2019a); Ubrihien et al. (2019b)
andUbrihien et al. (202Q)xlong with targeted monitoring of Telopea Creminducted by the ACT
Governmentare invaluabldor understanding the concentraties of nutrients and other pollutants
being transported during a range of flow conditioimportantly, the moregrequentmonitoringhas
a greater probability of capturingontamination events

The state of information on historical lake closures of therawing locations atake Ginninderra

and Lake Tuggeranoiigparticularly poor. The available data have not been consistently recorded,
records prior to 2015 are not available and there are genepalty links to water quality data sets
(cyanobacterial conts or Enterococci), personal observations or weather conditidaghis is a key
indicator of the recreational amenity of the lakes, it would be valuable to be able to track closures
(and the reasonor closure)overtime.

Ecological datd 2 NJ (i Kvaterivayshr@particularly rare, witlthe only datawith reasonable

coverage availablirom the Waterwatch and Frogwatcprogramsfor riparian vegetation oaquatic

and amphibious faundong term macroinvertebrate data sets are availabledelectedsites within

the urban stream networkandthese data providsome insight as to thevater qualityconditions.

The authordave used the data collected byaterwatch relating to riparian contilbn to comment

on the riparian areas of the urban creeksit thisis not fit for purpose in areas of managed

LI Nyl fFyRad ! AGNRBYISNI dzyRSNAGI yRAYy3 2F (GKS SELISC
waterways should be developed to guide managementretiod enable clear evaluation of

performance.

7.3Management responses

The lack of an overarching systematic approach to water quality and urban waterway management
means thatthe capacity to manage adaptively antke use of the data that are collected mited.

Copious amountsf water quality étahave beercollected but theseare not necessarily the data
neededto evaluate management objectivekhis means the capacity to manage adaptively is
limited. Processes for managing and recording datacarestrained by agency resourcjmgearng

the datasets are not always clearor easily usedlt has been an intense process to review, analyse
and interpret the datdor use in this reportThere are not clear processes ferviewing and
responding to thenformation in thewater quality datathereforea number of istances where the
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water quality readings haveeen implausibler should have raised substantial concehase been
noted.

There is a lack of reporting of urban waterwagndition that include an evaluation of the

effectiveness of management actions amg¢ommendationgor improvement The ACTGovernment
previouslyproduced & SNA S& 2 F | vy (AGHK GovetdtdntiP@ Rt suSmagided a Q
water resource management and watguality in the ACT. These reports syntbedidata and other
information and provided a series of recommendations and management responses. These reports
have not been produced since 2016would alsobe beneficial for the ACGovernmentand the NCA

to report on recreational water qualifybut this wouldrequire considerable improvement the ACT
Government data sets (see above section).
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8. Current and @iture threats for ACT lakes and waterways

8.1 Climate change

& /I y oS NNarngsihe @diok ¥ bxgiced to experiencéonger and more severe droughts,
more intense rainfall eventslecreases in spring rainfall and increases in summer andrautu
rainfall (NSW Government 2014} his poses significant challengestfoe management of water
guality. Changes irtemperature and rainfall will affegunoff patterns andstreamflows, changing

the way in which pollutants and contaminants agenerated and transported through the stream
network.

Longer and more severe droughts will reduce groundcover veigetdeaving areas of bare ground
susceptible to erosiarSuch long dry spells wélsoresult in an accumulation of organic matter,
pollutants andcontaminants on impervious surfacé3toughtbreaking rains are likely to result in
significant erosion, icreasing turbidity andontribute an increased load of nutrients and other
pollutants into urban waterwayg\ccumulated pollutants and contaminants will be delivered in a
pulsed fashion to the urban stormwater netwondacingadditional pressure on the &sting
stormwater infrastructure on whicthe ACTreliesfor water quality improvements.

The combination of igher nutrient loadsindlonger warm periods meanyanobacterial blooms are
likely to increase in magnitude and frequency as the climate waBganobacteria can grow more
rapidly at higler temperatures and waterbodies are more inclined to stratify at higher temperatures
6l nlltyazy SaG I f ® .Aheaddiffonahri@kofciahobst@ériallblbomdikelyito H O
occurconcurrently with arincreased recreational demand ftre urban lakesresulting in an

increase irpublic pressuréo better manage the quality of water in the urban lakes.

8.2Urban development

Increases in population, urban developmentaurban densification in the ACT lead to greater
pressures orthe urban waterways. This has implications for both water quality and the aquatic
ecosystems of urban areas.

Urbanisation leads to increased turbidimdhigher concentrations of nutrients arather pollutants

in urban waterwaysln Canberra,liese are somewhat attenuated under low flows by urban
wetlands and under higher flows by urban lakes. Developments on the western edge of Canberra
that drain directly into theMolonglo andMurrumbidgee Riershave the potential to contribute
sediment, nutrients and other pollutants directly to thieers below the major impoundments which
cantrap sediment Effective water quality management in these areas is frequently constrained by
the landscapewhich is steepwith little room for effectiveWSUDfeatures. This is a significant
planning and design challenge.

Increased contributions of sediment, nutrients and other pollutants toltveer Molonglo and
MurrumbidgeeRives as suburbs devep pose a risk to the aquatic ecosystems of firers, as well

as water quality risks to some of the popular recreational sites along the(sgerSectio.3). They

also make it harder for the ACT to meet its 2002 dlafiye Assembly commitmentghat water

leaving the ACT is no worse thiarentering the ACFurther, itis likelghat,F & / F Y0 SNNI Q&
population grows and a higher density of liviegpromoted, there will be increased pressure on
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existing recreational areas. If this occurs as the water quality and aquatic ecosystems degrade, there
will be increasing political pressure to better manage the urban waterways. This is a challenge that
needs a strong planning approach, based on clear objectives and novel solutions to managing urban
runoff.

The Molonglo River is considered a amban system in most ACT Government documentation
However the increasing expansion of urban developm#rat drainsinto the Molonglo River
catchment downstream of Lake Burley Griffin suggitsthould bereclassified aan urban
waterway.

The urban development occurring on the shores of Lake Burley Griffin and Lake Tuggeranong mean
the management of water quality in the lakes becomes particularly important. Cyanobacteria
produce toxinghat pose significant risks to humandanimal healthMost concerns relate to

ingestion of the toxinawhich can result in illnegkippy and Erb 1976; Texeira et al. 1983], in

extreme cases, deatfdochimsen et al. 1998)ence the closure of lakes to primary contact when
cyanobacterial concentrations are high. There @soincreasing concerns about the links between
neurodegenerative disorders and prolonged exposure to cyanotakngly from living near
waterbodies(Fiore et al. 20205uchrisks are unlikely to beealised for tens of years, making
developments on the shores of lakes that suffer regular cyanobacterial blooms an uncomfortable
public health experiment. This should be a major concernviiterbodymanagers.

8.3Sedimentation

Alterations to thesediment regimes of waterways is a common outcome of urbanisatiith

AYONBI 8SR aSRAYSYylG f2FRa | O2YYARUss#IStaliaDNE 2 F (K¢
Walsh et al. 2005)ncreases in sediment loads affect aquatic ecosystems both physically and

chemically. Physicallg reduction in light associated with increased sediment loads affects primary
production and feeding behaviours of aquatigimals, the smothering of habitat reduces the

availability of breeding and feeding sites, the abrasion effects of increased amounts of sediment in

the water column makes streams less habitable whitltombination leads to a substantially

altered biolayical communitfWood and Armitage 19977 he association of nutrients and other

contaminants with fine sediments implicates increased sedimentation in eutrophication processes

and can have long term effects on veaguality.

Soil eroded during urban construction is a major source of sediment to urban watemavel/a

range of mitigation measures are implemented in Canberra with varying degrees of effectiveness.

Aerial imagery of the detention ponds associated withan construction activities attests to the

sediment leaving construction sites in the AEifrel4). Most of the erosion of sediment from

construction sites occurs during rainfall eventsereforeassociated failures of mitigation measures
200dzNJ 6 KSy Al Aad NIAYAY3 YR | NB NhatEBbhageddS iSOG SF
monthly data collection. Community members and Waterwatch volunteers are key in identifying
problemsand raising concerns
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Figurel4. Aerial images of urban constructions areas in Taylor (upper image) and Denman Prospect (lowe
image).Note the colour of the water in the ponds downstream of the construction areas.

Targeted monitorig of Deep Creelwhich drainghe developing suburb of Whitlaphas been
undertaken agart of the ACT Healthy Waterways monitoring prograimis povides a valuablease
study that highlights the challenges of urban developniarihe ACT.

Deep Creelks a shorephemeralcreekthat drains directly into the Molonglo River downstream of
Lake Burley GriffirA significant portion of the Deep Creek catchment is being develtipeckate

the suburb or WhitlamStandard sediment and erosion control measures have been implemented
within the development areaThese include silt fences and temporary sediment baaim further
sediment detention pond have been constructed across Deep Creek.

Despitethe implementation of erosion contraheasures, tgh levels of sedimentation have been
observed in Deep Crealnce constructionConcentrations of suspended solids in Deep Craek
rarely withinthe acceptable rangtor ACT waterway§-igurel5) andoften reach extremes of
sedimentconcentrationsSediment control infrastructure has been observed to be of very limited
effectivenessKigurel6) and the sediment detention ponds on Deep Creek have failed multiple
times Figurel7 and Figurel8), leading to high suspended sediment loads being delivered directly
into the Molonglo River downstream of Lake Burley Griffigre19). While the Deep Creek
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catchment is a particularly challenging site in which to control sediment rufiadltfres of sediment
control measures associated with construction in the ACT are not uncorfengfrigure20) and
images of sediment laden urban wateays arenot unusual Figure21).

There is a substantial need to improve the erosion and sediment control activities associated with
urban developmenin Canberrdo protectthe urban waterwaysas well as the surrounding

waterways which are becoming increasingly urbaniséds flequires attentioracross the planning

and regulatory systems within the AGTiture developments need tioetter consider thempacts of
sedimentation and be held accountable famimising the downstream impact¥his will be more

costly for the developments but failing to address these issues fails to fully account for the true cost
of developing new suburbs
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Figurel5. Suspended sediment concentrations recorded at two stations (S110 and SIDdgm@reekin 2019
and 2020

Data from the ACT Healthy Waterways Program. The green band shows the acceptable range for aquatic
ecosystems in the ACT
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Figurel6. Sediment entering Deep Creek from construction ayélastrating the failure of silt fencing to
contain the mobilized sedimerfebruary 2020. SourcACTWaterwatch
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Figurel7. Deep Creek sediment detention palhgstrating the failure of the pond to trap fine sedimeniane
2020. Source: ACT Waterwatch

Figurel8. Failure of the Deep Creek sediment detention pond Wwdituary 2020. Source: ACT Waterwatc
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Figurel9. Deep Creek confluence with the Molonglo River. Source: ACT Waterwatch

Figure20. Poorly maintained silt fencing associated with urblerelopment in the ACT. Sourc€TA
Waterwatch
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