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Summary and recommendations
1. Investigation context and process
On 27 May 2011, Mr Simon Corbell MLA, Minister for the Environment, Climate
Change and Water, pursuant to section 12 (1) (b) of the Commissioner for the
Environment Act 1993, directed the Commissioner for the Environment to undertake
an Investigation into the state of the water courses and catchments of Lake Burley
Griffin (hereafter referred to as this Investigation).
Four terms of reference were established by Minister Corbell to guide this
Investigation:

Terms of reference
Investigate the state of the water courses and catchments for Lake Burley Griffin
including:
(i)

possible improvements for managing water quality and the
appropriateness of the current protocols for lake closures;
(ii) identifying the causes of lower water quality, including possible resource
implications of addressing them;
(iii) jurisdictional implications for water quality management of the lake; and
(iv) the implication of these findings for the ACT’s other major recreational
waterways, such as Lake Ginninderra and Lake Tuggeranong.

In responding to the Terms of Reference information was obtained from a variety of
sources including public submissions, discussions with experts, Lake users,
government agencies, and commissioned technical papers. This information was
analysed to draw out the causes and impacts of poor water quality. It was also
instructive in responding to the broader task of assessing the appropriateness of lake
closure protocols, possible improvements in managing poor water quality,
jurisdictional issues and implications for the ACT’s other major recreational water
ways.
In guiding the Investigation, poor water quality was defined as that which impairs
the environmental and recreational values of the Lake. Within this definition the
major threats to the recreational values are excessive concentrations of toxic blue
green algae and/or concentrations of faecal pollutants (bacteria) and excessive flood
debris. Both blue green algae and faecal contamination pose threats to human health
and are managed through lake closure protocols.
• Establishing what “values” were compromised by poor water quality was
achieved by an assessment of public submissions, many of which were from
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active recreational users of the Lake. However, acknowledging that these
views came from one segment of the total user population, reference was also
made to the National Capital Authority’s Lake Burley Griffin Management Plan
1995 and the Australian & New Zealand Guidelines for Fresh and Marine Water
Quality 2000 (‘the ANZECC Guidelines’). Consistent with the ANZECC
Guidelines, community expectations are part of criteria for determining
acceptable levels of water quality. Consequently there is a focus on
recreational values, which are most at risk from poor water quality, caused by
excessive concentrations of toxic blue green algae and/or bacterial
contamination. This allows for identification of threats to those values and
possible threat abatement actions. In other major recreational lakes and ponds
values are derived from the Territory Plan, Canberra’s Urban Lakes and Ponds
Plan of Management 2001 and the ANZECC.

2. Lake Burley Griffin, its catchment and values
Lake Burley Griffin is one of Canberra’s key landscape features and plays a central
role in defining the character and setting of the National Capital. It was created in
1963 with the construction of Scrivener Dam on the Molonglo River. The Lake is
highly valued by the ACT community. In addition to its recreational and amenity
values the Lake is an important part of the Murray-Darling Basin. It is a shallow lake
which acts as a retention pond collecting pollutants and improving water quality
downstream of the Lake.
The Lake’s catchment has a mix of urban, rural and forest and conservation land uses
that influence water quality in the Lake.
The Lake Burley Griffin Management Plan 1995 identifies a number of the values of Lake
Burley Griffin of particular interest to this investigation:
• natural heritage values – Lake Burley Griffin functions as a viable living
freshwater system. The Lake provides habitat for variety of species both
native and introduced.
• water resource management – the Lake plays a role in water resource
management of the Molonglo River.
• use values (recreational, tourism and commercial development) – the
Canberra community places a high value on the Lake for its social,
recreational, aesthetic and scenic values.

3. Water quality: history and impacts
The historical use of the Lake Burley Griffin catchment, together with ongoing human
activities, has contributed significantly to the present-day water quality in the Lake.
This has been adversely affected by numerous sources of pollution over the 50 years
since its initial filling was completed in 1964. Sources of pollution have included the
Captains Flat mine waste dumps (heavy metals); sewerage overflows (faecal matter)
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and, prior to the mid-1980s, phosphorus in treated sewage effluent from the
Queanbeyan City Council Sewage Treatment Plant, as well as runoff from rural land.
The completion of Googong Dam in 1978 reduced river flows into the Lake
significantly. Growing urban and rural residential populations have added to
pollutant loads in the catchment.
Poor water quality has impacts on the values attributed to Canberra’s lakes. The main
threats to Lake Burley Griffin’s values are high concentrations of blue-green algae
and faecal contamination. These create:
• effects on environmental values, particularly the health of aquatic organisms;
• health risks to sporting and recreational users, and loss of amenity because of
associated lake closures;
• scenic and aesthetic impacts of turbid water and blue-green algae scums and
odours; and
• economic impacts, particularly those affecting businesses serving the needs of
lake users, that reduce the estimated $25.5 million per year value of activities
in and near the Lake.

4. Management of Lake Burley Griffin and its catchments
Management responsibilities for the Lake and its catchments are spread across the
Commonwealth, ACT, NSW and regional local governments, as shown in the table
below (Table 4.1 from the report).
Table 4.1: Governance responsibilities for the Lake Burley Griffin catchment
Jurisdiction

Catchment

Relevant organisations

Central Molonglo (except
areas controlled by the NCA)
ACT Government

1 Territory and Municipal
Services Directorate (ACT
Government)
2 ACTEW Corporation
3 Environment and Sustainable
Development Directorate
(ACT Government)
4 Territory and Municipal
Services Directorate (ACT
Government)

Googong Foreshores

5 ACTEW Corporation
Commonwealth

The Lake and National Land
surrounding the Lake

6 National Capital Authority
7 NSW Office of Water

New South Wales

All areas outside the ACT

Lower Queanbeyan River
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8 NSW EPA
9 Murrumbidgee Catchment
Management Authority
10 Queanbeyan City Council
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Jurisdiction

Catchment

Relevant organisations

Jerrabomberra Headwaters
Upper Molonglo – as far as the
ACT border
Googong – north (except
Googong Foreshores)

11 Palerang Council

12 Cooma-Monaro Shire
Council

Googong – south
Note: Catchments named in this table are shown in Figure 2.2.

5. Water quality of the Lake and catchments
The water quality and ecology of a lake naturally reflect the inflows and associated
nutrients and organic matter of its catchments. Typically, these vary over time, from
low or zero inflows during extended dry periods, to extreme levels during wet
periods or flood events.
A ‘wet year’ is defined as having an annual inflow greater than 1.5 times the Lake
volume, or a water residence time of less than eight months; a ‘dry year’ is defined by
annual inflow less than 1.5 times Lake volume, or a hydraulic residence time greater
than eight months. A typical ‘wet year’ is 1998; a typical ‘dry year’ is 2006.
The rural and urban catchments generate much higher loads of nutrients and organic
material in a ‘wet year’ than in a ‘dry year’. In wet years, nutrients are adsorbed onto
the surfaces of suspended solids and removed from the water column when the
particles settle to the lakebed. The high energy of the inflows in a wet year results in
mixing of the Lake waters, restoring dissolved oxygen concentrations and oxidising
(decomposing) organic material, which limits the potential for re-mobilisation of
phosphorus from the sediments. Consequently, it is the dry years, with small loads of
suspended solids and poor mixing conditions that are more conducive to algal
growth and incidence of cyanobacteria (blue-green algae) blooms. A summary of
annual pollutant loads contributed from the Lake catchments is provided in Table 5.3,
Chapter 5.
Causes of Poor Water Quality
Water quality in the Lake is a reflection its catchment and the biological, chemical,
and physical processes that occur within the Lake. The assessment of water quality
data for the period 1978 (when Googong Dam was completed) to 2010 revealed:
• organic matter loading in urban stormwater is the major potential threat to
Lake water quality and ecology; the Biochemical Oxygen Demand created by
decomposition of this organic matter is the primary factor driving low
concentrations of dissolved oxygen;
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• the release of phosphorus from sediments, when dissolved oxygen
concentrations are low and there is poor mixing of the water column, are the
primary factors driving the blooms of blue-green algae, particularly during
dry periods; increasing urbanisation of the catchment is contributing more
organic material to the Lake;
• the main sources of faecal pollution are: urban runoff; wildlife faeces; regrowth of bacteria already present in the lake;and possible leakages from
aging sewer pipes; Queanbeyan City Council Sewage Treatment Plant is not a
significant source of faecal pollution in the Lake except when infrastructure
failures or overflows occur;
• the potential threat from nutrients, that would contribute to algal growth, in
treated sewage discharges from QCCSTP is ameliorated by its low
phosphorus and high nitrate concentrations; and
• the loss of submerged and emergent water plants, and the low concentrations
of dissolved oxygen.
It appears that the shift in algal composition to cyanobacteria (blue green algae)
dominance during ‘dry’ periods is a reflection of the physical and nutrient conditions
associated with ‘dry’ periods. These disadvantage growth of the Chlorophyta (green)
algae and promote the growth of cyanobacteria algae.
Bacteria associated with faecal contamination of water pose a risk to primary contact
users of the Lake, such as swimmers. It is impossible to regularly monitor for the
entire range of potential pathogens in lake water. Monitoring therefore tests for
particular organisms that are known to indicate a risk of human pathogens being
present.
Sources of faecal contamination in Lake Burley Griffin include:
• urban stormwater runoff;
• faeces of birds and other fauna deposited directly in the Lake; and
• sewage spills/overflows and leakages from sewer systems into stormwater.
Faecal contamination guideline values are specified in the 2010 ACT Guidelines for
Recreational Water Quality. The Water Quality Assessment found that, for the period
1999–2010, exceedances of guideline values for faecal contamination of recreational
waters occurred mainly because of ‘non-point-source discharges’; that is, urban
runoff, leakages, sewerage pipes, wildlife faeces, and re-growth of bacteria already
present in the Lake.
These findings need to guide both in-lake and catchment management responses
aimed at improving water quality in the Lake.
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6. Lake closure protocols
One of the tasks of this Investigation was to assess the appropriateness of lake closure
protocols. In the ACT closures of recreational waterways occur in response to various
threats to human health, including flood waters and subsequent excessive debris
hazards, high concentrations of potentially toxic algae and/or microbial pathogens
(such as bacteria), and accidental discharge of chemicals or other pollutants.
The impacts of Lake closures noted by submissions to this Investigation include: the
uncertainty of planning for events because the Lake may be closed and the perception
that the lake is polluted; inconvenience, logistics and costs of moving planned events
to an alternate venue, if an alternate venue is available; and lower club recruitment
opportunities and memberships.
Water quality guidelines and associated protocols for Lake Burly Griffin and
Canberra’s other major waterways (described in Chapter 6) are needed to ensure
appropriate warnings and management strategies are in place to mitigate risks to
human health from events such as blue green algal blooms and faecal contamination.
The 2010 ACT Guidelines for Recreational Water Quality are appropriate to guide
management actions on warnings and lake closures. Measurement of toxin
concentrations in Lake water to assess risks to Lake users was suggested as a possible
improvement to current practice. The Investigation found that toxin texting does not
offer any advantages over the current practice of monitoring of algal cell
concentrations and biovolume for informing decisions on Lake closures.
The approach of the ACT Guidelines for Recreational Water Quality in cases of
contamination by faecal matter is consistent with the NHMRC Guidelines for Managing
Risk in Recreational Water (2008) and uses concentrations of intestinal Enterococci
species as the indicator of contamination. There are some suggestions that regrowthrelated bacteria are not a health risk. Further scientific studies would be required to
test this assertion.
There is a view that use of multiple tests, when sampling and analysing water for
faecal contamination, has the potential to cause confusion. This Investigation notes
that the current two-test protocol negates the effects of false positive test results, but
suggests that further assessment, against relevant national guidelines, should be
pursued.
Several methods are used to inform the public about water quality risks in Lake
Burley Griffin, and similar procedures operate in Canberra’s other lakes:
• permanent signs are present at ‘high traffic water-entry areas’ at the lakes and
are also to be installed at Lake Burley Griffin. These signs can be changed, and
indicate the current risk for recreational activities at the particular site; and
• the NCA, ESDD and TAMSD, in consultation with ACT Health, issue media
releases about medium, high and extreme blue-green algae alert levels, and
lake closures or reopenings in relation to bacterial concentrations. They also
8

Report on the state of watercourses and catchments for Lake Burley Griffin

email key stakeholders, including recreational clubs and lakeside businesses,
when there are changes in these alert levels.
Responses from participants in the Lake Users’ Forum indicated that the way Lake
Burley Griffin closures and reopenings are communicated through the use of media
releases is not effective, and alternative approaches should be considered. It was
suggested that more effective means of communicating when the Lake is open again
for use after a period of closure, and providing certainty about the period of time for
which it is closed and why, were needed. This also has direct relevance to other urban
lakes in Canberra.

Recommendations on lake closure protocols
The ACT Guidelines for Recreational Water Quality in 2010 have broad support from
Lake users, however concerns have been expressed by some users regarding the
assessment and interpretation of water quality data and the levels of risk posed by
poor water quality. With Canberra’s population increasing, more people are expected
to value the Lake for recreational purposes. While improvements in the Lake’s water
quality should reduce the likelihood of Lake closures, the nature of the Lake is such
that closures will continue to occur in order to mitigate risks to the health of Lake
users. Considerable improvements in communicating lake closures have occurred in
recent years however submissions indicate further efforts are needed.
To improve the availability of the Lake for recreational use the following is
recommended:
1. The ACT Government (Health Directorate) undertake periodic reviews of the
ACT Guidelines for Recreational Water Quality at intervals of not less than five
years and include consultation with relevant stakeholders. The reviews
should consider:
a)

developments in use of Enterococci bacteria as an indicator of faecal
contamination and research on the health risks associated with
regrowth pathogens;

b) improvements in knowledge and technologies to determine whether
toxin testing or blue-green algal concentration and algal biovolume
testing is most relevant for ACT Lakes; and
c)

the characteristics and regrowth challenges of the lake embayments.

2. The Current guidelines should be amended to recognise:
a)

the potential for Lake or part-Lake closure on a case by case basis,
based on unusually extreme levels of blue-green algae; and
b) closure practices in relation to very high bacteria concentrations.

3. In line with the current Guidelines, the ACT Government and the
Queanbeyan City Council, should identify and map sources of faecal
contamination entering urban stormwater systems, the significance of the
sources, and long-term strategies for reducing loading. In addition, a rigorous
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and comprehensive procedure for rapid ‘sanitary surveys’ in the event of
elevated indicator concentrations should be established.
4. The ACT Government and the National Capital Authority improve
communication with Lake user groups and the general public in the following
key areas:
a)

during prolonged Lake closures, so that Lake users are aware that the
Lake is closed and why;

b) during closures or restrictions, Lake managers should undertake
random checks on Lake use, and where necessary amend public
notification methods to ensure lake users are aware of the alerts and
management responses; and
c)

when the Lake is reopened.

7. Options for in-Lake Management to improve water quality
No single treatment to address all the causes of poor water quality, and in particular,
the key threats of blue-green algae and bacteria in Lake Burley Griffin, is available.
The problems are the result of complex, and in some cases, long-standing practices.
They also reflect not just localised, in-Lake processes, but the condition of catchments
and the resultant quality of water arriving into the Lake.
While the expectation of a simple and immediate solution to address these complex
issues is not feasible, opportunities are available for improved management actions in
relation to the Lake itself. An informed choice of measures for improving water
quality in Lake Burley Griffin and other urban lakes and ponds in the ACT will
require thorough assessment of the environmental, social and economic impacts. As
discussed in detail in Chapter 7, the results of this Investigation indicates these
actions fall broadly into four categories:
• Restoration of large in-water plant (macrophyte) systems to restore oxygen
levels in the Lake water, intercept pollutants and reduce pathogens such as
faecal bacteria;
• Installation of artificial re-aeration systems to increase oxygen levels, and/or
installation of mechanical mixer systems to distribute oxygen to lower levels
of the Lake;
• Modification of phosphorus cycling in the Lake, including sediment treatment
to reduce the availability of Phosphorous essential for, the growth of algae;
and
• Algal management: algae farming to remove nutrients, and sonic destruction.

Recommendations on in-Lake Management to improve water quality
In-Lake techniques for improving water quality in Lake Burley Griffin such as
macrophyte plantings, treating sediments and stirring water columns, need to be
considered against the uncertainties that currently exist about their efficacy.
Additionally, the employment of any such measures should also be enacted within
10
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co-ordinated catchment management and include improved management at the
source of pollution. With these provisos in mind, this Investigation recommends that:
5. The National Capital Authority and the ACT Government undertake a
feasibility study, including a triple-bottom-line analysis, of macrophyte
restoration across the Lake. Priorities for consideration should include:
a) construction of a wetland in the Lake between Springbank Island and the
mouth of Sullivans Creek;
b) construction of a wetland in the Lake at East Basin; and
c) restoration of macrophyte beds in Lotus bay, Orana Bay, and at Weston
Park East Beach.
6. The National Capital Authority and the ACT Government jointly explore
initiatives for in-lake interventions aiming to control blue-green algae in Lake
Burley Griffin and other Canberra lakes. Desktop research, physical trials and
cost-benefit analyses could examine (but not be limited to) systems for:
a) re-aerating sediments;
b) stirring the water column;
c) adsorbing and removing phosphorus from the water via additions of
clay- or chemical-based substances; and/or
d) treating lake sediments to reduce phosphorus release, including by
addition of nitrates or iron chloride to the water.

8. Catchment management to improve the Lake’s water quality
The water quality in Lake Burley Griffin reflects the overall pattern, composition and
amounts of water and pollutant loads from the rivers, creeks and drainages that enter
the Lake from its sub-catchments, as well as the biological, chemical, and physical
processes that occur within the Lake. However, the overall management of the subcatchments and the Lake itself is separated across the governments of
Commonwealth, ACT and NSW.
The Investigation has identified four targets for management interventions directed
towards remediation of Lake environmental and recreational values:
•
•
•
•

urban catchments;
rural catchments;
sewage treatment and discharge; and
river flow management.

Urban catchment management
Urban areas are likely to have the greatest impact on the water quality in all Lakes in
Canberra. Increasing urban areas inevitably increase the area of impervious surfaces
such as roads, paths and roofs, significantly modifying the natural hydrology of a
catchment. This leads to increased water runoff and nutrient exports to receiving
waters such as rivers and lakes when catchments are urbanised.
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This Investigation has found that organic matter from the urban catchments
(including soil, leaves and other green waste and animal wastes) washed off gardens,
parks, sporting grounds, nature strips, reserves and streets and carried to the Lake
has been identified as a major cause of blue-green algae blooms.
The design of urban development and stormwater drainage systems influences the
water quality of urban lakes. Water sensitive urban design (WSUD) is a
contemporary approach to urban design, for capturing and treating urban
stormwaters and removing some or all of the pollutants they carry. While WSUD has
been applied in many parts of Canberra’s stormwater system, particularly since the
late 1990s, there has been little done to measure its effectiveness. A more strategic
approach to WSUD is needed to ensure the most efficient and effective combination
of WSUD interventions are developed.
While Governments are taking steps to improve the water quality of runoff within
their own jurisdictional areas this needs to be better coordinated through a
consultative approach to the governance of the sub-catchments.
To more effectively manage urban water pollution the following recommendations
are made.

Recommendations on urban catchment management
7. The ACT Government should develop a strategic approach to WSUD. This
should include:
a) Identifying sites where installing catchment intervention, such as
wetlands and pollution control ponds, would improve water quality
entering Lake Burley Griffin. This should include:
i.

ii.

initial feasibility studies into the construction of pollution
control ponds or wetlands on the Yarralumla drainage line and
Jerrabomberra Creek should be undertaken. Any installations
should be designed to be of an appropriate size to treat the
catchment area they service.
identifying WSUD that complement current programs of
installing wetlands and water control ponds in both new urban
areas and retrofitting in existing suburbs where applicable.

b) Ensuring that WSUD requirements are enforced in particular;
i.
ii.

ensuring that wetlands and ponds are of appropriate sizes to
service their catchments; and
undertaking auditing/compliance arrangements to ensure that
temporary pollution control ponds for sediment control during
the construction phase in new estates are maintained and
functioning effectively.

c) Monitoring the effectiveness of WSUD through improved monitoring
following urban developments to determine whether water quality meets
WSUD general code targets. Results should be used to inform
improvements in WSUD standards.
12
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d) Comparison of ACT approaches to WSUD with those of other Australian
urban areas to help ours remain consistent with developing technology
and best practice.
e) Reviewing the efficacy of existing GPTs. The review should include:
i.
ii.
iii.
iv.
v.
vi.

effectiveness in pollutant reduction;
effectiveness of current maintenance of pollution control
measures
capital costs;
ongoing maintenance costs to ensure the current drainage
infrastructure remains high-standard and is in line with current
best practice, protecting downstream environments;
reduction of polluted leachate water; and
the capacity to manage requirements of future urban growth and
development.

f) working with the NCA and NSW Councils in the catchment to coordinate
a strategic approach across the catchment.
8. The ACT Government, Queanbeyan City Council and National Capital
Authority work collectively to raise awareness of the impact of organic matter,
and other household or commercial materials (e.g. garden and lawn fertilizers)
on the Lake Burley Griffin catchment. Information should include the
contribution that all sectors of the community can make to improving water
quality by appropriately using and disposing of such materials.
9. The ACT Government and Queanbeyan City Council evaluate their street
sweeping practices and schedules to minimise leaf litter and other organic
matter from having adverse impacts on Lake Burley Griffin’s water quality.

Rural Catchment Management
This Investigation has found that changes in discharges of pollutants from the rural
catchments over recent decades have been significant. Rural catchments have been
found to be major sources of phosphorus, organic matter (measured as BOD) and
suspended solids, during wet periods, but they are only minor sources of these
pollutants during dry periods.
Key source of pollutions were found to include soil erosion, pollutants from rural
residential settlements and agricultural activities. However, the implications of the
growth in rural residential settlements do not appear to be addressed at a strategic
regional level, particularly in relation to the implications for the Lake Burley Griffin
catchment.
In the ACT, effective management of the Googong Foreshores and Jerrabomberra
Wetlands Nature Reserve has the potential to strengthen protection of Lake water
quality.

Recommendations on rural catchment management
To more effectively manage rural water pollution the following recommendations
are made:
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10. That the ACT and NSW governments and the National Capital Authority
support planning and implementation of on-ground actions to reduce the
potential for soil erosion in the upper Queanbeyan River, upper Molonglo
River and Jerrabomberra Creek. In doing so active involvement of Palerang
Council, the Molonglo Catchment Management Group, ACTEW and other
NRM groups should continue to be strongly encouraged and supported.
11. That the ACT Government finalise and implement the Googong Foreshores
Draft Plan of Management. The plan should include adequate monitoring,
reporting and review, and mechanisms to ensure effective cooperation
between ACTEW, NSW and ACT in the management of the Googong
Foreshores.
12. That the Jerrabomberra Wetlands Board of Management, ACT Government,
and NCA investigate management of the Jerrabomberra Wetlands
watercourses in improving water quality in Lake Burley Griffin. This should
include:
a) advancing identification and implementation of cattle exclusion zones in
the Jerrabomberra wetlands; and
b) investigating improving the way the Wetlands currently function through
alteration of the watercourses. However any changes should not
detrimentally impact the environmental, cultural, recreational scientific
and educational values of the Wetlands.

Sewage management
Sewage pollution can enter the Lake when sewerage systems within the catchment,
leak partially treated or untreated sewage. Potential sources of sewage pollution are
both point sources and non-point sources and include the potential for leaks from the
Queanbeyan City Council Sewage Treatment Plant or Fyshwick Sewage Treatment
Plant as well as stormwater and nearby sewer pipes following powerful stormwater
events. Despite regular concern regarding the discharges, permitted under
Environmental Authorisation Number 0417 from the Queanbeyan City Council
Sewage Treatment Plant this Investigation found that such discharges can be
considered beneficial to the Molonglo Reach and Lake under current conditions.
However, discharges of partially treated effluent pollute the Lake and compromise its
use values. Regular review and improvement of sewerage system management can
mitigate some of the potential risk of leakage of partially treated or untreated sewage
into the Lake.

Recommendations on sewage management
To more effectively manage potential pollution from sewerage treatment plants in
the catchment, the following recommendations are made:
13.

The ACT Environment Protection Authority review and update the
Environmental Authorisation number 0417 for sewage treatment within the
Queanbeyan City Council Sewage Treatment Plant to ensure that the
treatment process results in discharge quality that matches contemporary best
14
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practise for a modern, urban sewerage treatment plant. In line with this, the
QCCSTWP should continually review and improve its mitigating practises
for inundation and washout events at the treatment plant.
14.

The ACT Government require ACTEW to report regularly on the condition of
the sewer system in urban areas in the Lake Burley Griffin catchment and
identify priorities for upgrading to reduce sewer blockages and possible
leakages from the system, and reduce the risk of system failures.

River flow management
This Investigation has found that the construction of the Googong Dam on the
Queanbeyan River has had a potentially significant impact on the water quality and
ecological processes of Lake Burley Griffin. Diversion of an average of 7 per cent of
the Lake’s potential inflow has meant that water moves more slowly through the
Lake, increasing nutrient and algal equilibrium levels. There is potential to change the
flow regime and thereby reduce nutrient and algal equilibrium levels and this should
be considered by the full range of regional stakeholders involved. Changes could
include increased minimum flows (base flow) during summer months.

Recommendation on river flow management
15. The National Capital Authority should investigate the feasibility, costs and
benefits of providing water releases, for example increased flow over the
summer months as part of Googong Dam’s multi-objective role. This should
be undertaken in consultation with the ACT and NSW Government, relevant
local government and community stake holders.

9. Management of other major recreational waterways
The Investigation findings in relation to Lake Burley Griffin and its catchment clearly
have implications for the ACT’s other major recreational waterways because of the
similarities between their catchments and those of Lake Burley Griffin. As discussed
in Chapter 9, water quality in these lakes varies, with Lake Ginninderra, for example,
having generally high water quality whereas Lake Tuggeranong is subject to frequent
extended closures because of blue-green algal blooms. Water quality is also
anticipated to change differentially over time with longer term trends for Gunghalin
Pond indicating improvement in water quality whereas Point Hut Pond is seeing the
continuation of excessive suspended solids, phosphorus and algal growth.
In addressing these water quality challenges The ACT will need to apply the
following four principles:
•

decisions about ways to secure acceptable water quality, need to recognise
the multiple roles performed by urban lakes and ponds, particularly their
role in downstream water quality management. They also need take into
account the environmental, social and economic values that the ACT
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•
•
•

community places on recreational waterways, as the context for assessing
the costs and benefits of any decisions;
management and planning of the recreational waterways’ catchments
needs to be integrated across the responsible ACT government agencies;
pollutants must be intercepted at their source and in tributaries upstream
of recreational waterways; and
on-site management of the recreational waterways must apply best
practice and technological developments in water quality management.

The results of this Investigation indicate that there is a need for much greater
understanding across ACT Government agencies of the benefits, costs and
opportunities for improving water quality in recreational waterways. Although the
current Canberra’s Urban Lakes and Ponds Plan of Management (2001) recognises the
multi-functional roles of the lakes and ponds, it does not guide strategic decisionmaking for these waterbodies in the face of current and future challenges.

Recommendations for management of the ACT’s other major recreational
waterways
To improve understanding of the role of urban Lakes and enable the ACT
Government to better manage the urban catchments, recreational lakes and ponds
it is recommended that:
16. A comprehensive assessment of the environmental, social and economic value
of key lakes in the ACT be undertaken and take into account current and
predicted challenges to water quality. This assessment should inform:
a) a review and update of Canberra’s Urban Lakes and Ponds Plan of
Management involving extensive community consultation and
taking into account the long-term challenges to water quality in
the urban catchments;
b) the need for government investments in water quality;
c) decisions regarding trials of appropriate in-lake and catchment
management measures, with the results assessed from scientific
(environmental), social and economic perspectives; and
d) decisions regarding implementation of lake and catchment
management options.

10. Improving coordination of catchment management
In recent decades, approaches to catchment management in Australia have
increasingly considered catchments as whole units with a natural interdependence
between the land, water and other natural resources, rather than as a collection of
disparate components. Yet despite widespread acceptance of the importance of
integrated catchment management, no such agreement is in place for the Lake Burley
Griffin catchment.
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No shared vision or clear and integrated agreement on values and strategies for
achieving it currently exists. Furthermore, despite previous calls for co-ordinated
governance of water and an existing MOU on potable water in the catchment, there is
currently no standing governance forum, or other structure, to facilitate
intergovernmental arrangements for the Lake. As a result, there is no mechanism to
prioritise actions, guide discussion or establish a shared vision for the Lake among
the residents, businesses, and governments that use and manage the Lake’s
catchment.
All jurisdictions involved in the management of Lake Burley Griffin and its
catchments are fulfilling important roles in managing water quality issues. However,
without coordination of their efforts, these actions are insufficient to deal with the
threats to Lake values. The challenges to effective management of the Lake and its
catchments will only intensify as the human population grows. A coordinated interjurisdictional approach is essential to improving water quality in the Lake and its
catchments.

Recommendation to improve coordination of catchment management
17. The ACT, Australian, NSW and local governments establish a Burley GriffinMolonglo-Queanbeyan catchment management agreement. Such an agreement
should outline:
a) strategic objectives for the integrated and coordinated management of the
Lake and catchments, to encompasses water quality, environmental flows,
potable water, land use, wastewater, and future urban and climate change
impacts on the catchment;
b) each party’s responsibilities for water quality in the Lake and its
catchments;
c) a long-term catchment planning framework; and
d) an evidence-based, adaptive, management workplan.
To avoid past challenges of multi-jurisdictional catchment management coordination, such an agreement should include a dedicated governance group
with representation from all jurisdictions, a consistent and persistent
mechanism to ensure implementation and accountability, and reporting
requirements.
The National Capital Authority, as Lake manager, should in the first instance
convene a meeting of relevant jurisdictional representatives to guide the above
recommendations.
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Summary and recommendations
1. Investigation context and process
On 27 May 2011, Mr Simon Corbell MLA, Minister for the Environment, Climate
Change and Water, pursuant to section 12 (1) (b) of the Commissioner for the
Environment Act 1993, directed the Commissioner for the Environment to undertake
an Investigation into the state of the water courses and catchments of Lake Burley
Griffin (hereafter referred to as this Investigation).
Four terms of reference were established by Minister Corbell to guide this
Investigation:

Terms of reference
Investigate the state of the water courses and catchments for Lake Burley Griffin
including:
(i)

possible improvements for managing water quality and the
appropriateness of the current protocols for lake closures;
(ii) identifying the causes of lower water quality, including possible resource
implications of addressing them;
(iii) jurisdictional implications for water quality management of the lake; and
(iv) the implication of these findings for the ACT’s other major recreational
waterways, such as Lake Ginninderra and Lake Tuggeranong.

In responding to the Terms of Reference information was obtained from a variety of
sources including public submissions, discussions with experts, Lake users,
government agencies, and commissioned technical papers. This information was
analysed to draw out the causes and impacts of poor water quality. It was also
instructive in responding to the broader task of assessing the appropriateness of lake
closure protocols, possible improvements in managing poor water quality,
jurisdictional issues and implications for the ACT’s other major recreational water
ways.
In guiding the Investigation, poor water quality was defined as that which impairs
the environmental and recreational values of the Lake. Within this definition the
major threats to the recreational values are excessive concentrations of toxic blue
green algae and/or concentrations of faecal pollutants (bacteria) and excessive flood
debris. Both blue green algae and faecal contamination pose threats to human health
and are managed through lake closure protocols.
• Establishing what “values” were compromised by poor water quality was
achieved by an assessment of public submissions, many of which were from
i
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active recreational users of the Lake. However, acknowledging that these
views came from one segment of the total user population, reference was also
made to the National Capital Authority’s Lake Burley Griffin Management Plan
1995 and the Australian & New Zealand Guidelines for Fresh and Marine Water
Quality 2000 (‘the ANZECC Guidelines’). Consistent with the ANZECC
Guidelines, community expectations are part of criteria for determining
acceptable levels of water quality. Consequently there is a focus on
recreational values, which are most at risk from poor water quality, caused by
excessive concentrations of toxic blue green algae and/or bacterial
contamination. This allows for identification of threats to those values and
possible threat abatement actions. In other major recreational lakes and ponds
values are derived from the Territory Plan, Canberra’s Urban Lakes and Ponds
Plan of Management 2001 and the ANZECC.

2. Lake Burley Griffin, its catchment and values
Lake Burley Griffin is one of Canberra’s key landscape features and plays a central
role in defining the character and setting of the National Capital. It was created in
1963 with the construction of Scrivener Dam on the Molonglo River. The Lake is
highly valued by the ACT community. In addition to its recreational and amenity
values the Lake is an important part of the Murray-Darling Basin. It is a shallow lake
which acts as a retention pond collecting pollutants and improving water quality
downstream of the Lake.
The Lake’s catchment has a mix of urban, rural and forest and conservation land uses
that influence water quality in the Lake.
The Lake Burley Griffin Management Plan 1995 identifies a number of the values of Lake
Burley Griffin of particular interest to this investigation:
• natural heritage values – Lake Burley Griffin functions as a viable living
freshwater system. The Lake provides habitat for variety of species both
native and introduced.
• water resource management – the Lake plays a role in water resource
management of the Molonglo River.
• use values (recreational, tourism and commercial development) – the
Canberra community places a high value on the Lake for its social,
recreational, aesthetic and scenic values.

3. Water quality: history and impacts
The historical use of the Lake Burley Griffin catchment, together with ongoing human
activities, has contributed significantly to the present-day water quality in the Lake.
This has been adversely affected by numerous sources of pollution over the 50 years
since its initial filling was completed in 1964. Sources of pollution have included the
Captains Flat mine waste dumps (heavy metals); sewerage overflows (faecal matter)
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and, prior to the mid-1980s, phosphorus in treated sewage effluent from the
Queanbeyan City Council Sewage Treatment Plant, as well as runoff from rural land.
The completion of Googong Dam in 1978 reduced river flows into the Lake
significantly. Growing urban and rural residential populations have added to
pollutant loads in the catchment.
Poor water quality has impacts on the values attributed to Canberra’s lakes. The main
threats to Lake Burley Griffin’s values are high concentrations of blue-green algae
and faecal contamination. These create:
• effects on environmental values, particularly the health of aquatic organisms;
• health risks to sporting and recreational users, and loss of amenity because of
associated lake closures;
• scenic and aesthetic impacts of turbid water and blue-green algae scums and
odours; and
• economic impacts, particularly those affecting businesses serving the needs of
lake users, that reduce the estimated $25.5 million per year value of activities
in and near the Lake.

4. Management of Lake Burley Griffin and its catchments
Management responsibilities for the Lake and its catchments are spread across the
Commonwealth, ACT, NSW and regional local governments, as shown in the table
below (Table 4.1 from the report).
Table 4.1: Governance responsibilities for the Lake Burley Griffin catchment
Jurisdiction

Catchment

Relevant organisations

Central Molonglo (except
areas controlled by the NCA)
ACT Government

1 Territory and Municipal
Services Directorate (ACT
Government)
2 ACTEW Corporation
3 Environment and Sustainable
Development Directorate
(ACT Government)
4 Territory and Municipal
Services Directorate (ACT
Government)

Googong Foreshores

5 ACTEW Corporation
Commonwealth

The Lake and National Land
surrounding the Lake

6 National Capital Authority
7 NSW Office of Water

New South Wales

All areas outside the ACT

Lower Queanbeyan River
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8 NSW EPA
9 Murrumbidgee Catchment
Management Authority
10 Queanbeyan City Council
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Jurisdiction

Catchment

Relevant organisations

Jerrabomberra Headwaters
Upper Molonglo – as far as the
ACT border
Googong – north (except
Googong Foreshores)

11 Palerang Council

12 Cooma-Monaro Shire
Council

Googong – south
Note: Catchments named in this table are shown in Figure 2.2.

5. Water quality of the Lake and catchments
The water quality and ecology of a lake naturally reflect the inflows and associated
nutrients and organic matter of its catchments. Typically, these vary over time, from
low or zero inflows during extended dry periods, to extreme levels during wet
periods or flood events.
A ‘wet year’ is defined as having an annual inflow greater than 1.5 times the Lake
volume, or a water residence time of less than eight months; a ‘dry year’ is defined by
annual inflow less than 1.5 times Lake volume, or a hydraulic residence time greater
than eight months. A typical ‘wet year’ is 1998; a typical ‘dry year’ is 2006.
The rural and urban catchments generate much higher loads of nutrients and organic
material in a ‘wet year’ than in a ‘dry year’. In wet years, nutrients are adsorbed onto
the surfaces of suspended solids and removed from the water column when the
particles settle to the lakebed. The high energy of the inflows in a wet year results in
mixing of the Lake waters, restoring dissolved oxygen concentrations and oxidising
(decomposing) organic material, which limits the potential for re-mobilisation of
phosphorus from the sediments. Consequently, it is the dry years, with small loads of
suspended solids and poor mixing conditions that are more conducive to algal
growth and incidence of cyanobacteria (blue-green algae) blooms. A summary of
annual pollutant loads contributed from the Lake catchments is provided in Table 5.3,
Chapter 5.
Causes of Poor Water Quality
Water quality in the Lake is a reflection its catchment and the biological, chemical,
and physical processes that occur within the Lake. The assessment of water quality
data for the period 1978 (when Googong Dam was completed) to 2010 revealed:
• organic matter loading in urban stormwater is the major potential threat to
Lake water quality and ecology; the Biochemical Oxygen Demand created by
decomposition of this organic matter is the primary factor driving low
concentrations of dissolved oxygen;
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• the release of phosphorus from sediments, when dissolved oxygen
concentrations are low and there is poor mixing of the water column, are the
primary factors driving the blooms of blue-green algae, particularly during
dry periods; increasing urbanisation of the catchment is contributing more
organic material to the Lake;
• the main sources of faecal pollution are: urban runoff; wildlife faeces; regrowth of bacteria already present in the lake;and possible leakages from
aging sewer pipes; Queanbeyan City Council Sewage Treatment Plant is not a
significant source of faecal pollution in the Lake except when infrastructure
failures or overflows occur;
• the potential threat from nutrients, that would contribute to algal growth, in
treated sewage discharges from QCCSTP is ameliorated by its low
phosphorus and high nitrate concentrations; and
• the loss of submerged and emergent water plants, and the low concentrations
of dissolved oxygen.
It appears that the shift in algal composition to cyanobacteria (blue green algae)
dominance during ‘dry’ periods is a reflection of the physical and nutrient conditions
associated with ‘dry’ periods. These disadvantage growth of the Chlorophyta (green)
algae and promote the growth of cyanobacteria algae.
Bacteria associated with faecal contamination of water pose a risk to primary contact
users of the Lake, such as swimmers. It is impossible to regularly monitor for the
entire range of potential pathogens in lake water. Monitoring therefore tests for
particular organisms that are known to indicate a risk of human pathogens being
present.
Sources of faecal contamination in Lake Burley Griffin include:
• urban stormwater runoff;
• faeces of birds and other fauna deposited directly in the Lake; and
• sewage spills/overflows and leakages from sewer systems into stormwater.
Faecal contamination guideline values are specified in the 2010 ACT Guidelines for
Recreational Water Quality. The Water Quality Assessment found that, for the period
1999–2010, exceedances of guideline values for faecal contamination of recreational
waters occurred mainly because of ‘non-point-source discharges’; that is, urban
runoff, leakages, sewerage pipes, wildlife faeces, and re-growth of bacteria already
present in the Lake.
These findings need to guide both in-lake and catchment management responses
aimed at improving water quality in the Lake.
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6. Lake closure protocols
One of the tasks of this Investigation was to assess the appropriateness of lake closure
protocols. In the ACT closures of recreational waterways occur in response to various
threats to human health, including flood waters and subsequent excessive debris
hazards, high concentrations of potentially toxic algae and/or microbial pathogens
(such as bacteria), and accidental discharge of chemicals or other pollutants.
The impacts of Lake closures noted by submissions to this Investigation include: the
uncertainty of planning for events because the Lake may be closed and the perception
that the lake is polluted; inconvenience, logistics and costs of moving planned events
to an alternate venue, if an alternate venue is available; and lower club recruitment
opportunities and memberships.
Water quality guidelines and associated protocols for Lake Burly Griffin and
Canberra’s other major waterways (described in Chapter 6) are needed to ensure
appropriate warnings and management strategies are in place to mitigate risks to
human health from events such as blue green algal blooms and faecal contamination.
The 2010 ACT Guidelines for Recreational Water Quality are appropriate to guide
management actions on warnings and lake closures. Measurement of toxin
concentrations in Lake water to assess risks to Lake users was suggested as a possible
improvement to current practice. The Investigation found that toxin texting does not
offer any advantages over the current practice of monitoring of algal cell
concentrations and biovolume for informing decisions on Lake closures.
The approach of the ACT Guidelines for Recreational Water Quality in cases of
contamination by faecal matter is consistent with the NHMRC Guidelines for Managing
Risk in Recreational Water (2008) and uses concentrations of intestinal Enterococci
species as the indicator of contamination. There are some suggestions that regrowthrelated bacteria are not a health risk. Further scientific studies would be required to
test this assertion.
There is a view that use of multiple tests, when sampling and analysing water for
faecal contamination, has the potential to cause confusion. This Investigation notes
that the current two-test protocol negates the effects of false positive test results, but
suggests that further assessment, against relevant national guidelines, should be
pursued.
Several methods are used to inform the public about water quality risks in Lake
Burley Griffin, and similar procedures operate in Canberra’s other lakes:
• permanent signs are present at ‘high traffic water-entry areas’ at the lakes and
are also to be installed at Lake Burley Griffin. These signs can be changed, and
indicate the current risk for recreational activities at the particular site; and
• the NCA, ESDD and TAMSD, in consultation with ACT Health, issue media
releases about medium, high and extreme blue-green algae alert levels, and
lake closures or reopenings in relation to bacterial concentrations. They also
vi

Report on the state of the watercourses and catchments for Lake Burley Griffin

email key stakeholders, including recreational clubs and lakeside businesses,
when there are changes in these alert levels.
Responses from participants in the Lake Users’ Forum indicated that the way Lake
Burley Griffin closures and reopenings are communicated through the use of media
releases is not effective, and alternative approaches should be considered. It was
suggested that more effective means of communicating when the Lake is open again
for use after a period of closure, and providing certainty about the period of time for
which it is closed and why, were needed. This also has direct relevance to other urban
lakes in Canberra.

Recommendations on lake closure protocols
The ACT Guidelines for Recreational Water Quality in 2010 have broad support from
Lake users, however concerns have been expressed by some users regarding the
assessment and interpretation of water quality data and the levels of risk posed by
poor water quality. With Canberra’s population increasing, more people are expected
to value the Lake for recreational purposes. While improvements in the Lake’s water
quality should reduce the likelihood of Lake closures, the nature of the Lake is such
that closures will continue to occur in order to mitigate risks to the health of Lake
users. Considerable improvements in communicating lake closures have occurred in
recent years however submissions indicate further efforts are needed.
To improve the availability of the Lake for recreational use the following is
recommended:
1. The ACT Government (Health Directorate) undertake periodic reviews of the
ACT Guidelines for Recreational Water Quality at intervals of not less than five
years and include consultation with relevant stakeholders. The reviews
should consider:
a)

developments in use of Enterococci bacteria as an indicator of faecal
contamination and research on the health risks associated with
regrowth pathogens;

b) improvements in knowledge and technologies to determine whether
toxin testing or blue-green algal concentration and algal biovolume
testing is most relevant for ACT Lakes; and
c)

the characteristics and regrowth challenges of the lake embayments.

2. The Current guidelines should be amended to recognise:
a)

the potential for Lake or part-Lake closure on a case by case basis,
based on unusually extreme levels of blue-green algae; and
b) closure practices in relation to very high bacteria concentrations.
3. In line with the current Guidelines, the ACT Government and the
Queanbeyan City Council, should identify and map sources of faecal
contamination entering urban stormwater systems, the significance of the
sources, and long-term strategies for reducing loading. In addition, a rigorous
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and comprehensive procedure for rapid ‘sanitary surveys’ in the event of
elevated indicator concentrations should be established.
4. The ACT Government and the National Capital Authority improve
communication with Lake user groups and the general public in the following
key areas:
a)

during prolonged Lake closures, so that Lake users are aware that the
Lake is closed and why;

b) during closures or restrictions, Lake managers should undertake
random checks on Lake use, and where necessary amend public
notification methods to ensure lake users are aware of the alerts and
management responses; and
c)

when the Lake is reopened.

7. Options for in-Lake Management to improve water quality
No single treatment to address all the causes of poor water quality, and in particular,
the key threats of blue-green algae and bacteria in Lake Burley Griffin, is available.
The problems are the result of complex, and in some cases, long-standing practices.
They also reflect not just localised, in-Lake processes, but the condition of catchments
and the resultant quality of water arriving into the Lake.
While the expectation of a simple and immediate solution to address these complex
issues is not feasible, opportunities are available for improved management actions in
relation to the Lake itself. An informed choice of measures for improving water
quality in Lake Burley Griffin and other urban lakes and ponds in the ACT will
require thorough assessment of the environmental, social and economic impacts. As
discussed in detail in Chapter 7, the results of this Investigation indicates these
actions fall broadly into four categories:
• Restoration of large in-water plant (macrophyte) systems to restore oxygen
levels in the Lake water, intercept pollutants and reduce pathogens such as
faecal bacteria;
• Installation of artificial re-aeration systems to increase oxygen levels, and/or
installation of mechanical mixer systems to distribute oxygen to lower levels
of the Lake;
• Modification of phosphorus cycling in the Lake, including sediment treatment
to reduce the availability of Phosphorous essential for, the growth of algae;
and
• Algal management: algae farming to remove nutrients, and sonic destruction.

Recommendations on in-Lake Management to improve water quality
In-Lake techniques for improving water quality in Lake Burley Griffin such as
macrophyte plantings, treating sediments and stirring water columns, need to be
considered against the uncertainties that currently exist about their efficacy.
Additionally, the employment of any such measures should also be enacted within
viii
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co-ordinated catchment management and include improved management at the
source of pollution. With these provisos in mind, this Investigation recommends that:
5. The National Capital Authority and the ACT Government undertake a
feasibility study, including a triple-bottom-line analysis, of macrophyte
restoration across the Lake. Priorities for consideration should include:
a) construction of a wetland in the Lake between Springbank Island and the
mouth of Sullivans Creek;
b) construction of a wetland in the Lake at East Basin; and
c) restoration of macrophyte beds in Lotus bay, Orana Bay, and at Weston
Park East Beach.
6. The National Capital Authority and the ACT Government jointly explore
initiatives for in-lake interventions aiming to control blue-green algae in Lake
Burley Griffin and other Canberra lakes. Desktop research, physical trials and
cost-benefit analyses could examine (but not be limited to) systems for:
a) re-aerating sediments;
b) stirring the water column;
c) adsorbing and removing phosphorus from the water via additions of
clay- or chemical-based substances; and/or
d) treating lake sediments to reduce phosphorus release, including by
addition of nitrates or iron chloride to the water.

8. Catchment management to improve the Lake’s water quality
The water quality in Lake Burley Griffin reflects the overall pattern, composition and
amounts of water and pollutant loads from the rivers, creeks and drainages that enter
the Lake from its sub-catchments, as well as the biological, chemical, and physical
processes that occur within the Lake. However, the overall management of the subcatchments and the Lake itself is separated across the governments of
Commonwealth, ACT and NSW.
The Investigation has identified four targets for management interventions directed
towards remediation of Lake environmental and recreational values:
•
•
•
•

urban catchments;
rural catchments;
sewage treatment and discharge; and
river flow management.

Urban catchment management
Urban areas are likely to have the greatest impact on the water quality in all Lakes in
Canberra. Increasing urban areas inevitably increase the area of impervious surfaces
such as roads, paths and roofs, significantly modifying the natural hydrology of a
catchment. This leads to increased water runoff and nutrient exports to receiving
waters such as rivers and lakes when catchments are urbanised.
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This Investigation has found that organic matter from the urban catchments
(including soil, leaves and other green waste and animal wastes) washed off gardens,
parks, sporting grounds, nature strips, reserves and streets and carried to the Lake
has been identified as a major cause of blue-green algae blooms.
The design of urban development and stormwater drainage systems influences the
water quality of urban lakes. Water sensitive urban design (WSUD) is a
contemporary approach to urban design, for capturing and treating urban
stormwaters and removing some or all of the pollutants they carry. While WSUD has
been applied in many parts of Canberra’s stormwater system, particularly since the
late 1990s, there has been little done to measure its effectiveness. A more strategic
approach to WSUD is needed to ensure the most efficient and effective combination
of WSUD interventions are developed.
While Governments are taking steps to improve the water quality of runoff within
their own jurisdictional areas this needs to be better coordinated through a
consultative approach to the governance of the sub-catchments.
To more effectively manage urban water pollution the following recommendations
are made.

Recommendations on urban catchment management
7. The ACT Government should develop a strategic approach to WSUD. This
should include:
a) Identifying sites where installing catchment intervention, such as
wetlands and pollution control ponds, would improve water quality
entering Lake Burley Griffin. This should include:
i.

ii.

initial feasibility studies into the construction of pollution
control ponds or wetlands on the Yarralumla drainage line and
Jerrabomberra Creek should be undertaken. Any installations
should be designed to be of an appropriate size to treat the
catchment area they service.
identifying WSUD that complement current programs of
installing wetlands and water control ponds in both new urban
areas and retrofitting in existing suburbs where applicable.

b) Ensuring that WSUD requirements are enforced in particular;
i.
ii.

ensuring that wetlands and ponds are of appropriate sizes to
service their catchments; and
undertaking auditing/compliance arrangements to ensure that
temporary pollution control ponds for sediment control during
the construction phase in new estates are maintained and
functioning effectively.

c) Monitoring the effectiveness of WSUD through improved monitoring
following urban developments to determine whether water quality meets
WSUD general code targets. Results should be used to inform
improvements in WSUD standards.
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d) Comparison of ACT approaches to WSUD with those of other Australian
urban areas to help ours remain consistent with developing technology
and best practice.
e) Reviewing the efficacy of existing GPTs. The review should include:
i.
ii.
iii.
iv.
v.
vi.

effectiveness in pollutant reduction;
effectiveness of current maintenance of pollution control
measures
capital costs;
ongoing maintenance costs to ensure the current drainage
infrastructure remains high-standard and is in line with current
best practice, protecting downstream environments;
reduction of polluted leachate water; and
the capacity to manage requirements of future urban growth and
development.

f) working with the NCA and NSW Councils in the catchment to coordinate
a strategic approach across the catchment.
8. The ACT Government, Queanbeyan City Council and National Capital
Authority work collectively to raise awareness of the impact of organic matter,
and other household or commercial materials (e.g. garden and lawn fertilizers)
on the Lake Burley Griffin catchment. Information should include the
contribution that all sectors of the community can make to improving water
quality by appropriately using and disposing of such materials.
9. The ACT Government and Queanbeyan City Council evaluate their street
sweeping practices and schedules to minimise leaf litter and other organic
matter from having adverse impacts on Lake Burley Griffin’s water quality.

Rural Catchment Management
This Investigation has found that changes in discharges of pollutants from the rural
catchments over recent decades have been significant. Rural catchments have been
found to be major sources of phosphorus, organic matter (measured as BOD) and
suspended solids, during wet periods, but they are only minor sources of these
pollutants during dry periods.
Key source of pollutions were found to include soil erosion, pollutants from rural
residential settlements and agricultural activities. However, the implications of the
growth in rural residential settlements do not appear to be addressed at a strategic
regional level, particularly in relation to the implications for the Lake Burley Griffin
catchment.
In the ACT, effective management of the Googong Foreshores and Jerrabomberra
Wetlands Nature Reserve has the potential to strengthen protection of Lake water
quality.

Recommendations on rural catchment management
To more effectively manage rural water pollution the following recommendations
are made:
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10. That the ACT and NSW governments and the National Capital Authority
support planning and implementation of on-ground actions to reduce the
potential for soil erosion in the upper Queanbeyan River, upper Molonglo
River and Jerrabomberra Creek. In doing so active involvement of Palerang
Council, the Molonglo Catchment Management Group, ACTEW and other
NRM groups should continue to be strongly encouraged and supported.
11. That the ACT Government finalise and implement the Googong Foreshores
Draft Plan of Management. The plan should include adequate monitoring,
reporting and review, and mechanisms to ensure effective cooperation
between ACTEW, NSW and ACT in the management of the Googong
Foreshores.
12. That the Jerrabomberra Wetlands Board of Management, ACT Government,
and NCA investigate management of the Jerrabomberra Wetlands
watercourses in improving water quality in Lake Burley Griffin. This should
include:
a) advancing identification and implementation of cattle exclusion zones in
the Jerrabomberra wetlands; and
b) investigating improving the way the Wetlands currently function through
alteration of the watercourses. However any changes should not
detrimentally impact the environmental, cultural, recreational scientific
and educational values of the Wetlands.

Sewage management
Sewage pollution can enter the Lake when sewerage systems within the catchment,
leak partially treated or untreated sewage. Potential sources of sewage pollution are
both point sources and non-point sources and include the potential for leaks from the
Queanbeyan City Council Sewage Treatment Plant or Fyshwick Sewage Treatment
Plant as well as stormwater and nearby sewer pipes following powerful stormwater
events. Despite regular concern regarding the discharges, permitted under
Environmental Authorisation Number 0417 from the Queanbeyan City Council
Sewage Treatment Plant this Investigation found that such discharges can be
considered beneficial to the Molonglo Reach and Lake under current conditions.
However, discharges of partially treated effluent pollute the Lake and compromise its
use values. Regular review and improvement of sewerage system management can
mitigate some of the potential risk of leakage of partially treated or untreated sewage
into the Lake.

Recommendations on sewage management
To more effectively manage potential pollution from sewerage treatment plants in
the catchment, the following recommendations are made:
13.

The ACT Environment Protection Authority review and update the
Environmental Authorisation number 0417 for sewage treatment within the
Queanbeyan City Council Sewage Treatment Plant to ensure that the
treatment process results in discharge quality that matches contemporary best
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practise for a modern, urban sewerage treatment plant. In line with this, the
QCCSTWP should continually review and improve its mitigating practises
for inundation and washout events at the treatment plant.
14.

The ACT Government require ACTEW to report regularly on the condition of
the sewer system in urban areas in the Lake Burley Griffin catchment and
identify priorities for upgrading to reduce sewer blockages and possible
leakages from the system, and reduce the risk of system failures.

River flow management
This Investigation has found that the construction of the Googong Dam on the
Queanbeyan River has had a potentially significant impact on the water quality and
ecological processes of Lake Burley Griffin. Diversion of an average of 7 per cent of
the Lake’s potential inflow has meant that water moves more slowly through the
Lake, increasing nutrient and algal equilibrium levels. There is potential to change the
flow regime and thereby reduce nutrient and algal equilibrium levels and this should
be considered by the full range of regional stakeholders involved. Changes could
include increased minimum flows (base flow) during summer months.

Recommendation on river flow management
15. The National Capital Authority should investigate the feasibility, costs and
benefits of providing water releases, for example increased flow over the
summer months as part of Googong Dam’s multi-objective role. This should
be undertaken in consultation with the ACT and NSW Government, relevant
local government and community stake holders.

9. Management of other major recreational waterways
The Investigation findings in relation to Lake Burley Griffin and its catchment clearly
have implications for the ACT’s other major recreational waterways because of the
similarities between their catchments and those of Lake Burley Griffin. As discussed
in Chapter 9, water quality in these lakes varies, with Lake Ginninderra, for example,
having generally high water quality whereas Lake Tuggeranong is subject to frequent
extended closures because of blue-green algal blooms. Water quality is also
anticipated to change differentially over time with longer term trends for Gunghalin
Pond indicating improvement in water quality whereas Point Hut Pond is seeing the
continuation of excessive suspended solids, phosphorus and algal growth.
In addressing these water quality challenges The ACT will need to apply the
following four principles:
•

decisions about ways to secure acceptable water quality, need to recognise
the multiple roles performed by urban lakes and ponds, particularly their
role in downstream water quality management. They also need take into
account the environmental, social and economic values that the ACT
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•
•
•

community places on recreational waterways, as the context for assessing
the costs and benefits of any decisions;
management and planning of the recreational waterways’ catchments
needs to be integrated across the responsible ACT government agencies;
pollutants must be intercepted at their source and in tributaries upstream
of recreational waterways; and
on-site management of the recreational waterways must apply best
practice and technological developments in water quality management.

The results of this Investigation indicate that there is a need for much greater
understanding across ACT Government agencies of the benefits, costs and
opportunities for improving water quality in recreational waterways. Although the
current Canberra’s Urban Lakes and Ponds Plan of Management (2001) recognises the
multi-functional roles of the lakes and ponds, it does not guide strategic decisionmaking for these waterbodies in the face of current and future challenges.

Recommendations for management of the ACT’s other major recreational
waterways
To improve understanding of the role of urban Lakes and enable the ACT
Government to better manage the urban catchments, recreational lakes and ponds
it is recommended that:
16. A comprehensive assessment of the environmental, social and economic value
of key lakes in the ACT be undertaken and take into account current and
predicted challenges to water quality. This assessment should inform:
a) a review and update of Canberra’s Urban Lakes and Ponds Plan of
Management involving extensive community consultation and
taking into account the long-term challenges to water quality in
the urban catchments;
b) the need for government investments in water quality;
c) decisions regarding trials of appropriate in-lake and catchment
management measures, with the results assessed from scientific
(environmental), social and economic perspectives; and
d) decisions regarding implementation of lake and catchment
management options.

10. Improving coordination of catchment management
In recent decades, approaches to catchment management in Australia have
increasingly considered catchments as whole units with a natural interdependence
between the land, water and other natural resources, rather than as a collection of
disparate components. Yet despite widespread acceptance of the importance of
integrated catchment management, no such agreement is in place for the Lake Burley
Griffin catchment.
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No shared vision or clear and integrated agreement on values and strategies for
achieving it currently exists. Furthermore, despite previous calls for co-ordinated
governance of water and an existing MOU on potable water in the catchment, there is
currently no standing governance forum, or other structure, to facilitate
intergovernmental arrangements for the Lake. As a result, there is no mechanism to
prioritise actions, guide discussion or establish a shared vision for the Lake among
the residents, businesses, and governments that use and manage the Lake’s
catchment.
All jurisdictions involved in the management of Lake Burley Griffin and its
catchments are fulfilling important roles in managing water quality issues. However,
without coordination of their efforts, these actions are insufficient to deal with the
threats to Lake values. The challenges to effective management of the Lake and its
catchments will only intensify as the human population grows. A coordinated interjurisdictional approach is essential to improving water quality in the Lake and its
catchments.

Recommendation to improve coordination of catchment management
17. The ACT, Australian, NSW and local governments establish a Burley GriffinMolonglo-Queanbeyan catchment management agreement. Such an agreement
should outline:
a) strategic objectives for the integrated and coordinated management of the
Lake and catchments, to encompasses water quality, environmental flows,
potable water, land use, wastewater, and future urban and climate change
impacts on the catchment;
b) each party’s responsibilities for water quality in the Lake and its
catchments;
c) a long-term catchment planning framework; and
d) an evidence-based, adaptive, management workplan.
To avoid past challenges of multi-jurisdictional catchment management coordination, such an agreement should include a dedicated governance group
with representation from all jurisdictions, a consistent and persistent
mechanism to ensure implementation and accountability, and reporting
requirements.
The National Capital Authority, as Lake manager, should in the first instance
convene a meeting of relevant jurisdictional representatives to guide the above
recommendations.
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Glossary
ACT

Australian Capital Territory

ACTEW

ACTEW Corporation supplies, promotes and manages the use of
energy and water, and provides sewerage and communication
services to the ACT and surrounding region.

Adsorption

The adhesion of molecules or ions of gas, liquid, or dissolved
solids as a thin film on the outside surface or on internal surfaces
of a material.

Algal bloom

A rapid growth of microscopic algae or cyanobacteria in water,
often resulting in a coloured scum on the surface.

Ammonia

Ammonia is one of the most important pollutants in lakes and
rivers. The neutral, un-ionized form (NH3) is highly toxic to fish
and other aquatic life. Ammonia is the preferred nitrogencontaining nutrient for plant growth. It can be converted to nitrite
(NO2) and nitrate (NO3) by bacteria, and then used by plants.

Anaerobic
(decomposition)

Relating to or requiring an absence of free oxygen.

Anoxic water

Water depleted of dissolved oxygen.

AUSRIVAS

Australian River Assessment System: a bioassessment system that
includes standardised invertebrate sampling methods, predictive
models, and software for assessing river health.

Benthic organisms

The flora and fauna found on the bottom, or in the bottom
sediments, of a sea or lake or stream.

Berm

An artificial ridge or embankment. A flat strip of land, raised
bank, or terrace, often found bordering a river or canal.

Biochemical Oxygen
Demand (BOD)

An indication of the rate of oxygen use in a system, restricting
oxygen availability for fish and other aquatic animals.
Decomposition of organic matter leads to high Biochemical
Oxygen Demand.

Biofilm

A gelatinous sheath of algae and micro-organisms, including
benthic algae and bacteria, formed on surfaces of gravel and
sediment, and on large plants.

Biovolume

Measurement of algal biomass by volume of algal cells in a
sample. In contrast to measurement by counting algal units,
measuring algal biomass by biovolume takes into account the
contribution of species based on their relative size.

Catchment

Area of land from which water flows into a stream, river, lake or
other waterbody.

Cation

A positively charged ion, i.e. one that would be attracted to the
cathode in electrolysis.

CFU

Colony-forming unit.
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Chlorophyll 'a'

A green pigment, present in all green plants and in cyanobacteria,
which is responsible for the absorption of light to provide energy
for photosynthesis. Chlorophyll ‘a’ is commonly used as a
measure of the quantity of algae present (algal biomass). All
phytoplanktonic organisms, including cyanobacteria (blue-green
algae), use Chlorophyll ‘a’, so the reading indicates whole
population dynamics not any single organism population.

Chlorophyta

Unicellular or multicellular plants commonly referred to as green
algae.

CMA

Catchment Management Authority. CMAs are responsible for
managing natural resources at the catchment scale in NSW. Key
roles include preparing Catchment Action Plans (CAPs) and
managing incentive programs to implement the plans.

Cyanobacteria

Blue-green algae. A division of microorganisms that are related to
bacteria but are capable of photosynthesis. They are prokaryotic
and represent the earliest known form of life on the earth.

Denitrification

The process by which nitrates are reduced to gaseous nitrogen
chiefly by anaerobic bacteria which can flourish in anoxic
conditions by breaking down oxygen-containing compounds (e.g.
NO3-) to obtain oxygen.

Dino-flagellate

Microscopic, plant-like organisms found in all marine and freshwater environments. Some can produce very potent toxins.

Dissolved oxygen (DO)

A measure of the oxygen in water available to aquatic organisms;
DO can affect which species are present, and the maintenance of
aquatic organisms.

Ecosystem

A biological community of interacting organisms and their
physical environment.

Enterococci (plural)

Streptococcus bacteria of a group that occurs naturally in the
intestine but causes inflammation and blood infection if
introduced elsewhere in the body (e.g. by injury or surgery).

Environmental flows

Managed flows of water in streams and rivers that are designed
to maintain aquatic ecosystems.

Epiphyte

A non-parasitic plant that grows on another plant for support; for
example, a fern, air plant or orchid (in air), or an alga
(underwater).

ESDD

Environment and Sustainable Development Directorate, part of
the ACT Government.

Eutrophic

Waters containing large quantities of organic and mineral
nutrients and supporting an abundant plant life, which, in the
process of decaying, depletes the oxygen supply for animal life.

Exceedance

To go beyond what is allowed or stipulated by a set limit.
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Faecal coliform

A rod-shaped bacterium, especially Escherichia coli and members
of the genus Aerobacter, found in the intestinal tract of humans
and other animals. The presence of faecal coliforms in a water
sample may be an indication that human or animal faeces have
contaminated the water and that harmful, less easily detectable
pathogens belonging to the genera Cryptosporidium or Giardia may
be present.

Faecal indicator

Faecal indicator bacteria are bacteria used as indicator organisms
of faecal contamination. Typical faecal indicator bacteria are
faecal coliforms or E. coli.

Gross Pollutant Trap
(GPT)

A large engineered structure designed to intercept coarse
particulate material (by sedimentation), trash and debris (by
screens or booms). GPTs may be incorporated into inlet pits,
collectors, or main drains.

Heavy metal

A metal of relatively high density, or of high relative atomic
weight: for example, lead, zinc, copper and gold.

Inflow constituents

Substances and objects carried in flow into a water body; for
example, from rivers, stormwater runoff or leaks from sewage
ties.

Lakes Ordinance 1976

A Commonwealth instrument administered by the NCA that
regulates most aspects of administration, control and use of Lake
Burley Griffin. For further information see Appendix G of this
Report.

National Land Ordinance
1989

Gives the NCA the responsibility to manage National Land with
values significant to the promotion of the National Capital. For
further information see Appendix G of this Report.

Macrophyte

An aquatic plant large enough to be seen by the naked eye.

Maturation pond

A very shallow pond with large surface area, used in sewage
treatment for example, to enable light penetration and
oxygenation by wind mixing. Maturation ponds (or aerobic
ponds) are used to provide a polishing treatment of different
wastewater (e.g. as a final step of a waste stabilisation ponds
system) to remove turbidity, pathogens and nutrient.

Mesotrophic

Mesotrophic lakes are intermediate between the oligotrophic and
eutrophic levels of nutrient richness. Mesotrophic lakes have an
average annual Chlorophyll ‘a’ of 5–15 µg/L and an average
annual phosphorus concentration of 10–30 µg/L.

Modifier

Anything that makes partial or minor changes to an organism or
ecosystem.

Molonglo Catchment
Group

The Molonglo Catchment Group is one of three community-based
catchment groups in the ACT. All these catchment group areas
cross the NSW border; however, the Molonglo Catchment is
largely in NSW. The catchment groups act as umbrella
organisations for the many Landcare and other natural resource
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management (NRM) interest groups in their geographical area.

Murrumbidgee CMA

The Murrumbidgee Catchment Management Authority is a
community-managed statutory organisation established by the
NSW Government in 2004. It delivers funding from the NSW and
Australian governments to help land managers improve and
restore the natural resources of the catchment.

NCA

National Capital Authority

National Capital Plan

The National Capital Plan establishes policies that aim to
conserve and develop Lake Burley Griffin to provide services as a
National Capital and community asset. The Plan also allows
various uses of the Lake. For further information see Appendix G.

Nitrogen

Nitrogen makes up about 78% of the atmosphere and is a nutrient
essential to ecosystem life-forms. The measure of nitrogen
indicates how eutrophied (nutrient polluted) a waterbody is and
its susceptibility to nuisance plant growth.

NSW

New South Wales

OCSE

Office of the Commissioner for Sustainability and the
Environment

Oligotrophic

Oligotrophic lakes have low concentrations of nutrients. Water in
oligotrophic lakes is often clear and of high drinking-water
quality. Oligotrophic lakes have an average annual Chlorophyll
‘a’ < 5 µg/L and an average annual phosphorus concentration <
10 µg/L.

OM

Organic matter

Organic material
loading

The total mass of organic material in a system.

OSSM

On Site System of Sewage Management

Oxidise

To combine chemically with oxygen.

pH

A measure of the acidity or alkalinity of a solution. Measured on a
scale of 0 to 14, where less than 7 is acidic, 7 is neutral and more
than 7 is alkaline.

Phosphorus

Phosphorus is an essential ecosystem nutrient and makes up
about 0.1% of the Earth’s crust. The measure of phosphorus
indicates how eutrophied (nutrient polluted) a waterbody is and
its susceptibility to nuisance growths of aquatic plants.

Photosynthesis

The process by which green plants and some other organisms use
sunlight to synthesise nutrients from carbon dioxide and water.
Photosynthesis in plants generally involves the green pigment
chlorophyll and generates oxygen as a by-product.
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Primary contact

Involves whole-body contact in which the entire body or the face
and trunk are frequently immersed or the face is frequently wet
by spray (e.g. swimming, diving, waterskiing, windsurfing,
whitewater canoeing) and where it is likely that some water will
be swallowed, inhaled, or come into contact with ears, nasal
passages, mucous membranes or cuts in the skin.

Protozoa

A phylum or grouping of phyla which comprises the single-celled
microscopic animals, which include amoebas, flagellates, ciliates,
sporozoans, and many other forms.

Pulsed flow release

An environmental release of water from storage at a variable rate,
rather than in a constant flow, to better simulate the conditions
that would occur in an unmodified stream or river system.

QCCSTP

Queanbeyan City Council Sewage Treatment Plant

Reduction reaction

The process of chemical removal of oxygen, addition of hydrogen
ions, or addition of electrons, by a reducing agent.

Regrowth (faecal
bacteria)

Under certain conditions, faecal coliform bacteria may persist in
the environment, where they have the potential to regrow in
sediment. This means that faecal coliforms may not be good
indicators of faecal contamination, because they may originate
from sources other than actual faecal matter.

Retention time

The length of time sewage is retained in maturation ponds.

Riffle

A rocky shoal or sandbar lying just below the surface of a
waterway.

Riffle maintenance
flows

Small environmental flow releases to reflect small natural flow
patterns just sufficient to keep riffles wet.

Scums, algal

Algal blooms that can be seen floating on the surface of water.

Secchi depth

The depth at which an opaque disc, typically white, ceases to be
visible from the surface of a body of water. Secchi depth is used to
gauge the transparency of water.

Secondary contact

May involve a person being in incidental contact with water,
during which only the limbs are regularly wet and greater contact
is unusual (e.g. boating, fishing, canoeing, and rowing). There
may be occasional and inadvertent immersion through accidents
(e.g. slipping into the water).

Stratification

Physical separation of the water column into layers. Stratification
occurs when water masses with different properties form layers
one above the other, which act as barriers to water mixing.

Stressor

Anything that causes stress to an organism or (eco)system.
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Suspended solids

All streams and rivers naturally carry some suspended material
as organic and inorganic particles of varying sizes. Most land uses
and activities have the potential to increase the concentrations of
suspended solids in streams.

TAMSD

Territory and Municipal Services Directorate, part of the ACT
Government.

Territory Plan

The Territory Plan 2008 is the key statutory planning document in
the ACT, providing the policy framework for the administration
of planning in the ACT.

Thermocline

An abrupt temperature gradient in a body of water such as a lake,
marked by a layer above and below which the water is at
different temperatures.

TN

Total nitrogen. There is no regulation limit for total nitrogen for
the ACT. Nitrogen is not generally a limiting factor in algal
growth in regional waters and is not toxic to organisms.

TP

Total phosphorus is the sum of dissolved and particulate
phosphorus in the water. The standard is 0.1 mg/L for both
aquatic health and recreational use. In ACT water bodies, total
phosphorus availability commonly determines the kind and
vigour of planktonic algal activity.

Turbidity

A measure of the clarity or cloudiness of water; for example,
when it is affected by the presence of suspended material, such as
silt and clay.

Upper Murrumbidgee
Catchment
Coordinating
Committee (UMCCC)

A community-based organisation made up of agencies and
groups that are responsible for, or contribute to, natural resource
management in the upper Murrumbidgee catchment.

Vacuole

An enclosed compartment within a cell which is mostly filled
with water or gas.

Water Quality Control
Pond

A constructed shallow pond, generally deeper than 2 m,
characterised by areas of emergent aquatic plants and open water,
designed to intercept discharges from a rainfall or storm event
and enable adsorption and sedimentation of pollutants. These
ponds can support a diverse range of micro-organisms and plants
associated with the breakdown of organic material and uptake of
nutrients.

Water Sensitive Urban
Design

Urban water management that is sensitive to natural hydrological
and ecological cycles and which integrates urban planning with
the management, protection and conservation of the urban water
cycle (National Water Commission).

Wetland

A constructed or natural waterbody having a depth less than 2 m
and characterised by extensive macrophyte growth.

Wind shear

Variation in wind velocity occurring along a direction at right
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angles to the wind’s direction and tending to exert a turning force.
WQCP

Water Quality Control Pond.

WSUD

Water Sensitive Urban Design.
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1.

Investigation context and process

Lake Burley Griffin (‘the Lake’) is a central landscape feature that contributes to the
character and setting of Canberra, the National Capital. As a large body of inland
water in a prime location, central to several National Capital institutions, Lake
Burley Griffin is important not only for the residents of Canberra but also for the
many visitors to the National Capital. Its waters and surrounds provide aesthetic
and amenity value, which also benefits foreshore residential and business
developments. This has resulted in increasing pressure to provide water quality to
support these values and to protect the health and safety of users.
On 27 May 2011, Mr Simon Corbell MLA, then Minister for the Environment,
Climate Change, Energy and Water, pursuant to section 12 (1) (b) of the
Commissioner for the Environment Act 1993, directed the Commissioner for
Sustainability and the Environment to undertake an Investigation into the state of
the watercourses and catchments for Lake Burley Griffin (hereafter referred to as
‘this Investigation’).

1.1. Terms of reference
Four terms of reference were established by Minister Corbell to guide this
Investigation.
Box 1: Terms of reference

Terms of reference
Investigate the state of the watercourses and catchments for Lake Burley Griffin
including:
(i)

possible improvements for managing water quality and the appropriateness of
the current protocols for lake closures;
(ii) identifying the causes of lower water quality, including possible resource
implications of addressing them;
(iii) jurisdictional implications for water quality management of the lake; and
(iv) the implication of these findings for the ACT’s other major recreational
waterways, such as Lake Ginninderra and Lake Tuggeranong.

This Investigation has addressed the Terms of Reference, and reports on them in the
sections listed in Table 1.
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Table 1: Chapters and recommendations addressing the Terms of Reference

Term of Reference
possible improvements for
managing water quality and
the appropriateness of the
current protocols for lake
closures
(ii) identifying the causes of lower
water quality, including
possible resource implications
of addressing them
(iii) jurisdictional implications for
water quality management of
the lake
(iv) the implication of these
findings for the ACT’s other
major recreational waterways,
such as Lake Ginninderra and
Lake Tuggeranong

Chapter
reference

Recommendation number

(i)

6, 7

1, 2 ,3 ,4,5,6,7,8,9,10,11,12,13,14,15

5,7,8

2, 4, 5, 6, 14,15

10

16

9

15

There is some argument as to whether the main role of Lake Burley Griffin (and
Canberra’s other major recreational lakes and waterways) is to protect the water
quality in downstream waters or to provide uninterrupted opportunities for
recreational purposes. This Investigation has not attempted to answer that question,
but, in considering what lower water quality means, it has considered water quality
that does not meet the use values set out in the Lake Burley Griffin Water Quality
Management Plan (2011), and the Australian & New Zealand Guidelines for Fresh and
Marine Water Quality 2000 (‘the ANZECC Guidelines’); the ANZECC Guidelines
also include community expectations. Based on these sources, the Investigation has
adopted a definition of ‘poor water quality’ as water quality that compromises the
environmental and recreational values of Canberra’s major recreational lakes and
waterways.
The Investigation has considered Lake Burley Griffin (and Canberra’s other lakes) as
a managed environment in an urban setting. The Investigation has explored the
effects of poor water quality in relation to the values and uses of the Lake
(Chapter 2), including Lake closures (Chapter 6) and their costs to users and to the
ACT as a whole (Chapter 3). Guided by expert advice, this Investigation has looked
into the probable causes of poor water quality events within the Lake (Chapters 3, 5
and 6), and the various sources of contaminants that enter the Lake (Chapters 5 and
8). The report outlines the characteristics of the Lake’s catchments (Chapters 2 and
8), including their governance and management (Chapters 4 and 8) and impacts
from human settlement.
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The Investigation has identified potential improvements in management of Lake
Burley Griffin and its catchments (Chapters 7 and 8), and for Canberra’s other major
recreational waterways (Chapter 9). The Investigation also identified a strong case
for improving the coordination of catchment management, to maximise the gains
from these improvements (Chapter 10).
The Investigation’s findings are presented in this report and Recommendations are
provided to assist decision makers. Although I am reporting to the ACT
Government, I have taken the liberty of making recommendations in relation to all
levels of government that have responsibilities for the Lake and its catchments. In
making its main recommendations, the Investigation has taken into account the
recommendations proposed by the expert authors of several of the appendices.

1.2. Investigation process
This Investigation has gathered and analysed information from sources including
government agencies, public submissions, a Lake users’ forum, discussion with
experts and technical papers commissioned for this Investigation.
1.2.1. Reference Group
The Reference Group was established to provide advice. It comprised members with
expertise in a range of relevant matters including, but not limited to: urban water
management, hydrology, ecology, recreation, communication and consultation.
Members of the Reference Group have provided invaluable advice and constructive
input.
The Reference Group was supported by the Advisory Group with expertise in
health, recreation, environment protection regulation, water policy, management
and research, and local government and catchment management.
1.2.2. Reports and papers
Six reports and papers were developed to assist the Investigation. Of these, four are
technical papers which were subject to peer review. In undertaking the
Investigation, I have drawn extensively from these reports, which reflect the views
and expertise of their authors:
• ‘Investigation into the state of Lake Burley Griffin and catchment: Water
quality assessment’ by Ian Lawrence (Appendix A; referred to hereafter as
the Water Quality Assessment);
• ‘Investigation into the state of Lake Burley Griffin and catchment: Economic
impact of Lake Burley Griffin water quality issues’ by Ian Lawrence
(Appendix B; referred to as the Economic Impacts Report);
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• ‘Lake Burley Griffin water quality: Health standards, protocols for lake
closure and outcomes’ by Ian Falconer, Adrian Farrant and John Woollard
(Appendix C); and
• ‘Lake Burley Griffin: governance issues relating to water quality and
integrated catchment management’ by Professor Murray Raff (Appendix D).
Another two papers present an analysis of public submissions, and a record of the
users’ forum:
• ‘Lake Burley Griffin investigation: Qualitative data analysis of public
submissions’ by Dr Richard Reilly (Appendix E); and
• ‘Investigation into the state of the watercourses and catchments for Lake
Burley Griffin — Users’ Consultation Forum Summary Record’ by
Interaction Consulting Group (Appendix F; referred to as Summary Record
of Users’ Forum).
Three more appendices are included with this Report:
• Appendix G: Legal and policy framework
• Appendix H: Molonglo and Queanbeyan river catchment maps
• Appendix I: Indicative costs of management options
All of these papers are presented as appendices in Part 2 of this Report.
1.2.3. Community engagement
Community views were collected by:
• calling for public submissions; and
• holding a forum of Lake users.
Public submissions were invited via a media release on 14 June 2011. The final date
for submissions was 29 July 2011. Several groups requested extensions and in
response the submission period was extended until 30 September 2011. Submissions
were received from 27 individuals or groups, including one late submission
accepted on 20 January 2012. The submissions are included as Part 3 of this Report.
The ‘Qualitative data analysis of public submissions’ is presented at Appendix E.
A users’ forum was held on 19 October 2011, which was attended by 18 users or
representatives of user groups of Lake Burley Griffin. The summary record of the
users’ forum is included at Appendix F.
The community engagement and public submissions were predominantly from
organisations and individuals with a strong interest in the Lake. As a result, the
content of this Report is significantly influenced by the public submissions, the
issues they raise, and the values they place on the Lake. There may be some wider
community views on the Lake, not communicated to the Investigation, that are not
addressed.
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1.2.4. Information from agencies
The following Commonwealth and ACT Government agencies provided
information for the Investigation in response to requests from the Commissioner for
Sustainability and the Environment:
• National Capital Authority (Australian Government);
• Environment and Sustainable Development Directorate — Environment
Protection Authority, and ACT Planning and Land Authority (ACT
Government);
• Territory and Municipal Services Directorate (ACT Government);
• Economic Development Directorate (ACT Government); and
• ACT Government Health Directorate — Health Protection Service.
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2.

Lake Burley Griffin, its catchment and values

Lake Burley Griffin is the centrepiece of the Canberra landscape and is essential to
the character and setting of the National Capital. It is named after Walter Burley
Griffin, one of the main designers of the city of Canberra.
The Lake was formed in 1963 by the construction of the Scrivener Dam on the
Molonglo River, which separated the Civic area (the city centre) from the
Parliamentary Triangle, as the Lake does now. The Lake is shallow with an average
depth of 4 metres and a maximum depth of about 18 metres near Scrivener Dam
(Figure 2.1). It covers 664 hectares and has a shoreline 40.5 kilometres long. There
are three named islands within the Lake: Aspen Island (the site of the National
Carillon) is located in Central Basin, and Springbank Island and Spinnaker Island
are located in West Lake 1.
Lake Burley Griffin has several important functions. Along with Canberra’s other
urban lakes and ponds, it has an ecological role in providing aquatic habitat for a
number of species, as well as modifying the quality of water delivered downstream
of the dam, through retention of sediment and pollutants.
The Lake is also an important recreational resource for Canberra’s residents and
visitors 2. Its surrounds, consisting mainly of parklands, are popular, particularly in
the warmer months. Molonglo Reach, upstream of the East Basin, is designated for
waterskiing, and powerboats may be used in this limited area, under permit. The
wider Lake is suitable for a variety of activities and water sports 3, such as
swimming, rowing, fishing and sailing, canoeing and paddleboating. During
summer, the Lake is used for the swim leg of triathlon and aquathlon events,
including the Sri Chinmoy Triathlon Festival. There are also a number of beaches
and public swimming areas, in particular in the embayments.

1
2
3

National Capital Authority, 2010, Lake Burley Griffin Recreation Policy 2010.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 85.
National Capital Authority, 2010, Lake Burley Griffin Recreation Policy 2010, page 9.
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Swimming embayments

Figure 2.1: Lake Burley Griffin — key areas (image courtesy of National Capital Authority)
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In managing Lake Burley Griffin, the National Capital Authority aims to “achieve a
healthy, sustainable and usable environment, while maintaining the water quality at a level
acceptable to the community 4.” It also aims to modify the river environments
downstream; the National Capital Planning Authority stated in 1995 that:
Whilst water quality control was not originally conceived as a major function of the
lake, experience has demonstrated that it can provide a significant benefit in
protecting the quality of water in the Molonglo river downstream of the lake and in
turn the Murrumbidgee River in the local region 5.

2.1. Lake Burley Griffin catchment
Topographically, the overall catchment for Lake Burley Griffin consists of rounded
hills and elevated plains (about 600 metres above sea level), rising to the Tinderry
Mountains (about 1600 metres above sea level) in NSW in the south-east. The
boundary of the catchment — its watershed — lies on the Great Dividing Range in
the east, and Ginns Gap, Greenwood, Womboin, Poppet, Amongula, Kowen, and
Bald Hill Range (on the ACT/NSW border) in the north, and the Michelago and
Tinderry Mountains in the south 6. The western edge of the catchment extends
across the ACT/NSW border (see Figure 2.2).
The principal watercourses providing water to Lake Burley Griffin are:
• the Molonglo River, approximately 84 kilometres in length 7 upstream of the
Lake, which runs through rural and rural-residential areas before passing to
the north of Queanbeyan and entering the Lake in East Basin;
• the Queanbeyan River, approximately 70 kilometres in length 8, the main
tributary of the Molonglo River, which flows through rural and ruralresidential areas and the city of Queanbeyan before it joins the Molonglo
River approximately 10 kilometres upstream of the Lake, just within the
ACT;
• Woolshed Creek, which flows south through the largely rural Majura Valley
before joining the Molonglo River approximately 3 kilometres upstream of
the Lake;
• Jerrabomberra Creek, 28 kilometres in length 9, which flows north through
rural-residential areas for 20 kilometres and urban catchments of Canberra
and Queanbeyan for 8 km before entering the Lake at East Basin; and
• Sullivans Creek, approximately 20 kilometres in length 10, which flows south
from Goorooyarroo (part of Canberra Nature Park), through Gungahlin and
North Canberra before entering West Lake at Acton.

National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 66.
National Capital Planning Authority, 1995, Lake Burley Griffin Management Plan, page 9.
6
Lawrence I., 2011, Water Quality Assessment (Appendix A), pages 43.
7
Calculated by OCSE from information on Molonglo Catchment Group website, 22 February 2012.
8
http://en.wikipedia.org/wiki/Queanbeyan_River
9
http://en.wikipedia.org/wiki/Jerrabomberra_Creek
10
Calculated by OCSE from information on Molonglo Catchment Group website, 22 February 2012.
4
5
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Smaller watercourses enter the Lake after flowing through urban areas of Canberra:
• streams and drains flow through Yarralumla into Yarramundi Reach and
into West Lake though Lotus Bay;
• drains flow through Telopea Park and Bowen Park and enter East Basin;
• drains flow through the Kingston Foreshores development and enter East
Basin;
• a drain through Campbell flows into the eastern end of Central Basin; and
• drains flow through the central City area.
Outflow from the Lake is regulated by the Dam, which is designed to withstand
floods up to the size expected once in 5000 years 11.
The climate of the catchment, with relatively hot summers and cold winters and
rainfall throughout the year, has two distinct zones: higher rainfall
(600-800 millimetres) in the east of the catchment in NSW, and lower rainfall
(450-550 millimetres) in the tablelands zone to the west. The catchment experiences
periodic severe drought conditions.
Sediments in the catchment typically date from 460–416 million years ago. The
resulting soils are highly weathered and lacking in nutrients. These soils are very
susceptible to erosion, and in some areas they are relatively rich in iron. During
heavy rainfall, the runoff typically carries large loads of suspended soil particles and
iron compounds into watercourses.
The catchment land use is predominantly rural (63.5 per cent), with some forestry
and conservation areas (30.4 per cent). Urban land occupies 5.7 per cent of the
catchment, and there are growing areas of rural-residential development (3 per cent
of the rural area) (Table 2.1). Rural land use has diminished since 2004 while the
area of urban land has increased in extent as a result of both urban expansion and
intensification of rural-residential settlement.

11

National Capital Authority, n.d, Scrivener Dam factsheet.
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Figure 2.2: The catchment of the Molonglo River, and the sub-catchments of Lake Burley
Griffin
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Table 2.1: Details of sub-catchment areas and land uses (as at 2004)
Land use
Catchment

Sub-catchment

Molonglo

Upper Molonglo
Kowen
Woolshed
Dairy Flat & Fyshwick
Jerrabomberra – NSW
Jerrabomberra – ACT
Sullivans
Lake Burley Griffin
local
Tinderry
Googong Dam
Lower Queanbeyan
Burra

Queanbeyan

Total area
% Total area

Urban
area
(km2)

2.7
7.1
9.9
20.9
34.1

32.2
106.9
5.73

Rural
(km2)

Forest &
conservation
(km2)

456.8
*36.3
47.7
31.4
71.9
39.5
**17.8
5.6

24.1
54.5
13.4

353.5

353.5
73.2
24.2

24.2
*100.6
1185.3
63.51

13.6
17.5

574.0
30.76

Total area
(km2)
480.9
90.8
61.1
34.2
79.0
49.4
52.3
57.2
707.0
73.2
80.6
100.6
1866.3
100

Source: ACT Government, ‘Think water, act water’ Volume 3: State of the ACT’s water resources and catchments.
2004.
Notes:

* Catchments undergoing significant rural-residential development.
**Catchment undergoing urban development, e.g. North Watson.

2.2. Use and values of Lake Burley Griffin
Lake Burley Griffin is an important part of the design of Canberra and is highly
valued by the ACT community. The National Capital Planning Authority’s Lake
Burley Griffin Management Plan 1995 defines Lake Burley Griffin as having:
•
•
•
•
•
•
•

National Capital values;
recreational values;
tourism and commercial development values;
natural heritage values;
cultural heritage values;
educational and scientific values; and
water-resource management values 12.

The natural heritage, water-resource management and recreational-use values of the
Lake are of particular interest to this Investigation, because they are considered to
be the values most threatened by occurrences of poor water quality. These three
values are the focus of the remainder of the present Chapter. The Investigation has
taken the view that the Lake’s other values are not currently under threat from lack
of water quality. The Lake’s role in the National Capital setting (that is, its National

12

National Capital Planning Authority, 1995, Lake Burley Griffin Management Plan, pages 15, 20.
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Capital values) could be threatened if water quality worsened greatly but the
Investigation considers that at this stage it is not under threat.
The natural heritage, water-resource management and recreational values are
discussed below, and the report returns to detailed consideration of water quality
issues in Chapter 3 and Chapter 5. The intervening Chapter 4 outlines the
governance and management framework for the Lake and its catchment, within
which the Lake’s values are defined and through which its water quality is
managed.
2.2.1. Natural heritage values
Lake Burley Griffin functions as a viable, living freshwater system, with populations
of native and introduced species of fish, aquatic plants, mammals, invertebrates and
waterbirds 13. There are submerged aquatic plants as well as reeds and rushes
(‘emergent’ vegetation) at the Lake margins. The Lake’s fish populations are
managed, and recreational fishing is supported through stocking with native
species; however, introduced pest species such as European Carp and Redfin also
live in the Lake. Aquatic invertebrates in the Lake have not been studied in detail 14.
Significant ecological assets of Lake Burley Griffin include:
• bird habitat at Jerrabomberra wetlands, at the eastern end of the Lake, which
is used by migratory waterbird species that are protected under the
international migratory bird agreements that Australia has with Japan,
China and the Republic of Korea (JAMBA, CAMBA and ROKAMBA) 15; and
reedbeds along inlets in Yarramundi Reach that are also valuable waterbird
habitat 16.
• habitat on the foreshores for endangered plant and animal species including
Button Wrinklewort (Rutidosis leptorrhynchoides) and Striped Legless Lizard
(Delma impar) 17.
2.2.2. Water resource management values
Lake Burley Griffin occupies several reaches of the Molonglo River, a tributary of
the Murrumbidgee River which is a major river in the Murray-Darling Basin. There
is some capacity to regulate flows through the Lake and in the Molonglo River
downstream of Scrivener Dam. While the Lake was not originally planned to have a
major function in water quality control, its presence as a waterbody rather than a
channel naturally slows the flow rate of the river, allowing pollutants to be captured
through biological, geochemical and biochemical processes 18. Water from the Lake
is also useful for local irrigation of public and private open space, including the
Australian National Botanic Gardens.
13
14
15
16
17
18

National Capital Planning Authority, 1995, Lake Burley Griffin Management
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 37.
TAMS, 2010, Jerrabomberra Wetlands Plan of Management, page 12.
National Capital Planning Authority, 1995, Lake Burley Griffin Management
National Capital Planning Authority, 1995, Lake Burley Griffin Management
National Capital Planning Authority, 1995, Lake Burley Griffin Management
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2.2.3. Recreational values
The Lake is important for active and passive recreation in Canberra. However, since
2004, Lake Burley Griffin, as well as some other recreational waterbodies in the
ACT, has been contaminated by extremely high concentrations of algal or bacterial
indicator organisms on a number of occasions 19. During these incidents, the ACT
Health Protection Service and the National Capital Authority have issued warnings
to users regarding potential health risks, and occasionally closed the Lake, which
has caused some major water-sports events to be cancelled. This has led to increased
perceptions of the Lake as ‘polluted’ and ‘unreliable’ as a venue for a range of
national sporting events 20.
Other than water quality and general waterways management, the impact of Lake
closures on recreational and sporting activities was the most common issue raised in
public submissions to this Investigation 21. Under the Lake Burley Griffin Management
Plan (1995) different recreational uses are permitted in different parts of the Lake.
The locations of different uses reflect the expected variation in water quality across
different areas with quality improving as waters move through the Lake.
The permitted recreational uses are:
•
•
•
•

primary contact (swimming) recreation;
secondary contact (boating) recreation;
passive recreation (walking, cycling, picnicking, bird-watching); and
fishing.

Table 2.2 shows designated recreational and other water uses for each of the
management zones as specified in the Lake Burley Griffin Management Plan, with
necessary enhancements added over the period since that plan was prepared 22.
Table 2.2: Designated Lake use values, for the five management zones 23
Name of
Lake zone

Description of
location

Contact recreational uses
permitted

Molonglo
Reach
(receives
discharge
from
Molonglo
River and
Woolshed
Creek)

The section of
the Molonglo
River from
Dairy Road to
East Basin
Pavilion
(known as The
Boathouse
Restaurant)

Primary contact water
recreation activities

East Basin
(receives
discharge

The Lake
between
Molonglo

Secondary contact water sports
only.
(This section of the Lake is

19
20
21
22
23

Non-powered secondary
contact recreation, such as
canoeing*

Other uses and values
Fishing
Passive recreation
Irrigation water supply
to licensed users
Significant aquatic
habitat (wetland and
riparian)
Fishing
Passive recreation

Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 1.
Lawrence I., 2011, Economic Impacts Report (Appendix B), page 6.
Reilly R., 2011 (Appendix E) The Lake Investigation, Qualitative Data Analysis of Public Submissions, page 2.
National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 16.
National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 16.
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Name of
Lake zone
from
Jerrabomberra
Creek and
urban drains)

Description of
location
Reach and
Kings Avenue
Bridge

Contact recreational uses
permitted
relatively shallow, so it is
subject to high turbidity in
windy conditions and has
poorer water quality than other
parts of the Lake. Wall
structures are in place around
much of this area to discourage
incidental primary contact with
the water.)
Secondary contact uses. This
zone is normally reserved for
water activities where the
emphasis is on passive
recreational use.

Central
Basin
(receives
discharge
from urban
drains)

The Lake
between Kings
Avenue and
Commonwealth
Avenue

West Lake
&
Tarcoola
Reach
(receive
discharge
from urban
drains)

The Lake
between
Commonwealth
Avenue and
Kurrajong Point

This is the principal
recreational area of the Lake,
supporting both primary and
secondary contact water sports

Fishing

Yarramundi
Reach
(receives
runoff from
the local
landscape)

The Lake
between
Kurrajong Point
and Scrivener
Dam

This section supports rowing
events and other water
spectator sports. It is zoned for
secondary contact but primary
contact is also permitted.

Fishing

Other uses and values
Irrigation water supply
to licensed users
Significant aquatic
habitat (wetland and
riparian)

Fishing
Passive recreation
Irrigation water supply
to licensed users

Passive recreation
Irrigation water supply
to licensed users

Passive recreation
Irrigation water supply
to licensed users
Significant aquatic
habitat (waterbird
breeding area)

*Waterskiing is permitted east of Dairy Road (Dairy Flat Bridge), which is outside the designated National Land
area.

Information from this Investigation’s community engagement reveals that the
Canberra community places a high value on the Lake for its aesthetic and scenic
value and also as a setting for social and recreational use. One Canberra resident
summarised the value of the Lake as follows:
The lake is central to Canberra and most people travel over or around it sometime
during each week. Our city would look and feel very different without it, and it's
also a tourist attraction. It is utilised for local and interstate sporting events, as well
as local recreation. It is featured on postcards and in books of Canberra, and many
people take stunning photos of it. Our lake gives a lot to locals and to visitors, and so
we should make sure we look after it 24.

24

Submission 7.
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One of Lake Burley Griffin’s popular beaches.
Image courtesy of National Capital Authority.

Public submissions show that ACT residents remember the experience of using the
Lake as an important part of growing up in Canberra. For example, one submission
author writes that:
As a child in Canberra from 1968 to 1988 my family went every day to the lake to
swim, canoe, windsurf and sail boats. It was wonderful. I remember swimming in
the reeds watching ducks and going on the fabulous canoe adventures 25.
Submissions to the Investigation also noted the importance of the Lake as a sporting
venue. The Australian Institute of Sport (AIS), in its submission, emphasised the
value of the Lake as a rowing venue. It has invested significantly in developing the
capacity of the rowing centre adjacent to the Lake and has partnered with Rowing
Australia to develop the AIS facility into a National Rowing Centre of Excellence.
The AIS submission to the Investigation states that:
Lake Burley Griffin is the ideal location for a high performance rowing program, as
it is the only urban waterway in Australia that offers almost 10 kilometres of still,
fresh water for training with minimal powered traffic, a measured regatta course,
and closer proximity to the sports science and sports medicine support of the AIS 26.
Rowing ACT has put to the Investigation its view that water sports were intended
as one of the principal uses of the Lake since its inception, stating:
It appears that there might be some misconception about water sports being
peripheral to a perceived role of Lake Burley Griffin (LBG) predominantly as an
ornamental lake. This historical revisionism about the importance of water sport on
LBG is refuted in the ACT Government commissioned history of Canberra 195425
26

Submission 12, page 1.
Submission 19, page 1.
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1980 by Eric Sparkes (1988). Sparkes notes the extensive contribution that the
NCDC made towards the implementation of the Australian Rowing Championships
held on Lake Burley Griffin on the Olympic rowing course starting 30 April 1964,
including extensive earthworks and depth-charging. This major Australian
Championship regatta was also the selection regatta for the Tokyo Olympics and was
the first event held on the newly flooded lake. Although this course was subsequently
found to be too exposed to the prevailing winds, the best viewing venue for this
stretch of water is at Regatta Point. By naming this central focus point after our
sport it is clear that the NCDC [now the NCA] saw water sports like rowing and
sailing as critical components of the utilization of this spectacular venue 27.

Rowing training is a common early morning activity.
Image courtesy of National Capital Authority.

Triathlon ACT, the Canberra Yacht Club and the Burley Griffin Canoe Club also
described the importance of the Lake to their sport and their members, in
submissions to this Investigation.
As noted below, there is an apparent tension between the environmental value of
the Lake, in protecting the quality of downstream waters, and its recreational use
values. This is summed up in the words of one public submission which states that:
Lake Burley Griffin is, paraphrasing the late Professor Peter Cullen, the largest gross
pollutant trap in the southern hemisphere. It is a large lake collecting stormwater
from a large part of Canberra and all of Queanbeyan, as well as treated effluent from
the Queanbeyan sewage treatment plant. If that is its primary role — to prevent
pollution reaching the Murrumbidgee River — it is functioning correctly: we should
expect to see what is happening as the pollution is trapped. If, as a community we
want to use it for recreation, then we should expect additional recreational use to

27

Submission 8, supplementary submission to the Investigation.
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cost the community an additional amount to ensure it is safe and functional for that
higher level of use 28.

Yachting is a popular weekend activity on Lake Burley Griffin.
Image courtesy of National Capital Authority.

28

Submission 15, page 1.
Page 17

Report on the state of the watercourses and catchments for Lake Burley Griffin

3.

Water quality: history and impacts

3.1. Historical background to Lake Burley Griffin water
quality
3.1.1. Land use in the Lake catchment
The historical use of the Lake Burley Griffin catchment, together with ongoing
human activities, has contributed significantly to the present-day water quality in
the Lake. Improving the Lake’s water quality will require mitigation of historical,
current and future sources of pollution.
Lake Burley Griffin has been adversely affected by numerous sources of pollution
over the 50 years since its initial filling was completed in 1964. Historically, point
sources of pollution have included the Captains Flat mine waste dumps (heavy
metals); sewerage overflows (faecal matter) and, prior to the mid-1980s, phosphorus
in treated sewage effluent from the Queanbeyan City Council Sewage Treatment
Plant.
From 1882 to 1899 and during 1939–1962 the Captains Flat area was mined for gold,
silver, lead, copper and iron. Highly acidic and toxic drainage water from the mines
was discharged to the Captains Flat Creek. The impacts were detected as elevated
concentrations of heavy metals in the catchment area 1. Pollution abatement works
by the Commonwealth and NSW governments in the mid 1970s addressed the
problem, and monitoring after completion of the works (1974–1978) determined that
they had been effective in controlling detectable impacts on Lake Burley Griffin 2.
The extensive areas of natural grassland across the Canberra plains were added to
by the clearing of woodland areas across the plains and thinning of open forest on
the lower slopes, beginning with European settlement across the region in the 1830s,
to create areas for grazing of stock. Livestock grazing areas comprise both native
pastures and pastures improved by applications of superphosphate and
nitrogenous fertilizers through the 1950s and 60s 3.
Enterprises across the catchment that still rely on use of fertilisers include golf
courses, turf farms, plant nurseries and private gardens. In the early 20th century,
pine trees were planted extensively in the region, including in the Kowen subcatchment. More recently there has been a trend of establishing vineyards and olive
plantations across parts of the Lake catchment; their low use of water and fertilisers
means that they have minimal impact on water quality of catchment streams. 4
Erosion gullies were created across large areas of the Molonglo and Queanbeyan
river catchments as a result of land-clearing, over-stocking and rabbit plagues late in
1
2
3
4

Captains Flat Community Association, n.d., Captains Flat Tour. http://www.captainsflat.org/tour/tour10.htm
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 45.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 45.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 46.
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the 19th century. When Lake Burley Griffin was designed, the potential level of
sedimentation was seen as one of the major threats to the Lake’s viability. In 1960,
the Commonwealth and NSW governments agreed on the establishment of a joint
soil conservation program across the catchment, to manage this threat 5.
The human population of the catchment was estimated at 126,268 in 2010 6, growing
at a rate estimated at 2 per cent per year 7, and thereby increasing the number of
On-Site Systems of Sewage Management (OSSMs) in rural residential areas and the
throughput of centralised sewage treatment plants in urban areas.
The growth in rural-residential development across the catchment also affects local
runoff into streams and storages, because of more water being retained in farm
dams 8, and because these developments raise the potential for fertiliser, pesticide,
and domestic wastewater to enter local waterways.
By far the greatest land use change and potential impact on water quality across the
catchment is urban development and related infrastructure. There has been a 35 per
cent increase in the urban area over the period 1978 to 2011, and a 34 per cent
increase in the urban population living within the catchment area 9. Urban areas of
the catchment have a relatively large proportion of impervious surfaces such as
roads, paving and roofs, and human activities in those areas have the potential to
add nitrogen compounds, phosphate, organic matter and toxicants to the
stormwater that drains into the Lake. This situation is of concern for the water
quality and ecology of the Lake, particularly in dry periods.
There are long-term plans to increase the urban population and urbanised area
within the Lake’s catchment, via urban intensification in north and south Canberra,
and industrial development on Jerrabomberra Creek 10, and urbanisation of Kowen
Plateau11 and growth of the Queanbeyan population to 70,000 by 2036 12.
Unless there is effective action to reduce the current, historical and future threats to
the Lake’s water quality, these threats are expected to become more severe into the
future.
3.1.2. Variations to catchment river flows
Inflows from the Queanbeyan River are now controlled by the Googong Dam and
Reservoir. While Googong Dam was completed just prior to 1978, diversion of the
Queanbeyan River flow has been limited, with an average annual diversion of 7 per
cent of the average annual inflow to the Lake for the period 1978 to 2010. This
diversion would have increased to 50 per cent of the average annual inflow to the
5

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 45.
Estimated by OCSE based on ABS data for Canberra, Queanbeyan City Council and Palerang Council, ABS (2011).
7
Estimated by OCSE based on ABS data for Canberra, Queanbeyan City Council and Palerang Council, ABS (2011).
8
Molonglo Catchment Group, 2010, Molonglo River Rescue Action Plan 2010, page 20.
9
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 57.
10 ACTPLA, 2011, Canberra Spatial Plan, Chapter 5.
11 ACTPLA, 2011, Canberra Spatial Plan.
12
Calculated by OCSE from Queanbeyan Land Release Inquiry (2006), 23 February 2012, and ESDD 2011.
6
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Lake for the period 2003 to 2010, as a consequence of the impact of the drought and
2003 fire on Cotter water supply 13. Although Googong Dam was completed at the
end of 1977, its effect on inflows was not seen for some years because a series of wet
years maintained flow through the reservoir, and also at that time the region’s
managed water supply gave preference to using water from the Cotter River. The
effect of Googong Dam in reducing inflow to the Lake is more significant during
dry periods.
3.1.3. Faecal contamination from the Lake’s catchment
Faecal matter from natural sources, for example birds and other fauna, enters the
Lake directly and in stormwater runoff from both urban and rural catchments. It
also enters the Lake from sewage treatment facilities designed to treat human
effluent prior to its discharge into the environment.
Queanbeyan’s sewage effluent is treated at the Queanbeyan City Council Sewage
Treatment Plant (QCCSTP), which was built in 1935 14. QCCSTP is located in the
ACT on the banks of the Molonglo River near Oaks Estate. The plant has been
substantially upgraded over time with the most significant improvements made in
the 1980s resulting in reductions of pollutants, faecal matter and nutrients being
discharged to the Molonglo River. General upgrades since then include adjustments
to the treatment process in 2009. However, the historic legacy of past discharges is
still evident in the sediments of Lake Burley Griffin. The role of QCCSTP in Lake
water quality is discussed in Chapter 8, along with other potential sources of faecal
contamination in the Lake’s catchments.
Captains Flat, in the upper reaches of the Molonglo River, also has a sewage
treatment plant, which is capable of serving 500 people 15.
A recent draft ‘Water Quality Snapshot for Western Palerang’, the area that includes
the upper Molonglo River catchment and the Googong Reservoir catchment,
concluded that OSSMs — which include a processing facility such as a septic tank or
an aerated water treatment system, plus an effluent disposal area — represented a
prevalent risk to water quality 16, more widespread than the risk presented by road
crossings of waterways, or gully and streambank erosion.
Within the ACT urban area, effluent from Canberra’s eastern residential and
industrial areas is treated at the Fyshwick Sewage Treatment Plant, with treated
effluent diverted to the North Canberra Effluent Reuse Scheme and/or pumped to
the Molonglo Outfall Sewer Tunnel for further treatment at Lower Molonglo Water
Quality Control Centre on the lower Molonglo River. Thus wastewater from eastern
Canberra is diverted around the Lake. A sewage overflow detention tank (City West
Overflow Detention Facility) on the Sullivans Creek Trunk Sewer is designed to
13

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 57.
Queanbeyan City Council, n.d., Queanbeyan Wastewater Treatment Works, brochure.
15 Captains Flat Community Association, 2008.
16
Palerang Council, 2011, Source Water Protection Program OSSM Audit, draft final report, June 2011.
14
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limit storm discharges to Sullivans Creek to, at most, once in 10 years. When
overflows do occur, the facility is designed to separate and retain solids, and it has
infrastructure for disinfecting the wastewater overflow to the creek.
Other potential sources of faecal contamination are discussed in Chapters 5 and 6.

3.2. Impacts of poor water quality
Poor water quality 17 has impacts on the values attributed to Canberra’s lakes,
through:
• effects on environmental values, particularly the health of aquatic organisms;
• health risks to sporting and recreational users, and loss of amenity because
of associated lake closures;
• scenic and aesthetic impacts of turbid water and blue-green algae scums and
odours; and
• economic impacts, particularly those affecting businesses serving the needs
of lake users.
3.2.1. Impacts of poor water quality on environmental values
Aquatic organisms, both fauna and flora, are affected by aspects of poor water
quality, including excess plant nutrients (for example, nitrogen, phosphorus), excess
suspended particulate matter (referred to as ‘suspended solids’), inappropriate
acidity or alkalinity, inadequate concentrations of dissolved oxygen, and presence of
excess algal toxins.
In particular, changes in nutrient concentrations can cause changes to the balance of
aquatic plant species. Excessive growth of micro-algae over the photosynthetic
zones of other water plants, along with large concentrations of suspended solids in
the water, can limit the growth of the larger submerged and emergent aquatic plants
that are an important part of a well-functioning ecosystem. There has been a
substantial loss of macrophytes in Lake Burley Griffin, since the 1980s, which is
considered a ‘significant ecosystem change’ for the Lake 18.
Large amounts of suspended matter (visible as very ‘turbid’ water) can smother
bottom-dwelling organisms as it settles towards the lakebed 19. Suspended solids in
the form of soil particles and plant material also transport large quantities of
nutrients into the Lake, and the organic component of the suspended solids is
subject to decomposition in the Lake.

17
18
19

See Chapter 1, Section 1.1.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 36.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 13.
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Low concentrations of dissolved oxygen
can lead to asphyxiation of aquatic
fauna. Dissolved oxygen in the Lake
water is now approaching
concentrations that will place certain
organisms under stress 20.
During summer, deeper waters,
particularly Molonglo Reach and the
area upstream of Scrivener Dam, become
depleted of oxygen (‘anoxic’), which
leads to release of nutrients from the
lakebed sediments, and stimulation of
blue-green algal growth 21 (this is
discussed in more detail in Chapter 5).
Algal blooms pose the main threat to the
Lake’s ecological values: they are toxic;
they smother macrophytes; and when
the algae within a bloom die the largeAlgal bloom in the Lake.
scale decomposition quickly uses up the
Image
courtesy
of National Capital Authority.
dissolved oxygen in the water, which
can cause fish kills, particularly where flow is slow, such as in embayments 22.
Faecal contamination was not found to pose a threat to the Lake’s ecological values.
However, together with algal blooms, it is a key threat to the Lake’s recreational and
aesthetic values, and both will be discussed in detail below.
While large changes in water acidity or alkalinity and the presence of heavy metal
ions could potentially affect the Lake’s ecological values, these factors are not
currently deemed a threat in Lake Burley Griffin.
3.2.2. Impacts of poor water quality on human health
The key factors affecting recreational use of the Lake are both the occurrence of toxic
contamination events and the frequency with which they recur 23. Contamination of
the water by blue-green algae and faecal matter can present a significant risk to
human health, which the official health warnings and closures of the Lake are
intended to prevent 24.

20
21
22
23
24

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 40.
Email correspondence from Ian Falconer, dated 21 February 2012.
Email correspondence from Ian Falconer, dated 21 February 2012.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 14.
Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 7.
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The potential toxicity of blue-green algae has
been known in Australia for many years; death
of livestock that drank water containing bluegreen algae was reported in South Australia as
early as the 1800s. The species of toxic
cyanobacteria that cause the most problems in
south-eastern Australia are Microcystis
aeruginosa and Anabaena circinalis, both of
which occur in the Lake. The species
M. aeruginosa produces a toxin that causes liver
damage if swallowed and pneumonia if
Waring sign at Lake Burley Griffin
inhaled. In contaminated lakes, this organism
Image courtesy of National Capital Authority
has caused documented health injury to
swimmers, and to canoeists who were exposed to the toxicity by going underwater
in Eskimo-roll manoeuvres 25. The most severe effects were from inhalation of the
organisms, causing pneumonia 26. The species A. circinalis produces neurotoxins
related to a shellfish poison and can cause muscular spasms if swallowed. This was
suggested by the Coroner as the cause of death of a teenager who swam in a scum
of the organisms in a golf course lake in the USA 27.
Faecal contamination in the Lake can cause intestinal disorders in people who
swallow the water. These disorders are generally brief and self-limiting but
occasionally severe. To distinguish faecal pollution from naturally occurring microorganisms in waterbodies, counts of faecal coliform bacteria (Escherichia coli strains)
and intestinal ‘enterococci’ are used as indicators, though they are not necessarily
actual human pathogens.
Lake closure protocols are discussed in Chapter 6 of this Report.
3.2.3. Impacts of poor water quality on sport and recreation
When poor water quality leads to the Lake being closed to users because of risks to
human health from blue-green algae and/or faecal contamination, there are social
and economic impacts; for example, when sporting and other social activities in, or
on, the Lake need to be cancelled.
This Investigation’s community engagement has revealed the significance that
recreation in, on and around Lake Burley Griffin has in the social and economic life
of ACT residents and businesses.
The Lake is used by a number of clubs and associations that support activities such
as fishing, triathlon, rowing, dragon boating, canoeing, kayaking, sailing, model
boating, windsurfing and (at Molonglo Reach) waterskiing. Both closure and risk of
25

In an Eskimo-roll a canoeist or kayaker turns a capsized vessel upright while remaining in the normal paddling
position in the vessel. This manoeuvre can result in ingestion of water.
26
Falconer I.R., 2005, Cyanobacterial Toxins of Drinking Water Supplies. CRC Press, New York.
27
Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 8.
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closure of the Lake affect the operation and viability of these groups, primarily
because they can cause:
• perceptions of water sports as ‘unsafe’ and ‘unreliable’, leading to reduced
membership and lower participation rates; and
• difficulty planning for major events, leading to significant events being
relocated interstate to more ‘reliable’ venues.
Some submissions report past experiences of using the Lake as an important part of
growing up in Canberra, and there is concern that poor water quality will prevent
future generations from having these same experiences.
My biggest gripe though is my family are not getting to do what they want. My
kids ... can’t fathom why they are not allowed to go for a paddle or a windsurf,
as it has always been a part of their lives...I am seriously concerned about what
my kids will inherit in 20 years when they look to get their kids outside into an
active lifestyle 28.
There is a perception that health risks from Lake waters have been overstated by
health authorities, and there is frustration about Lake closures. For example a
submission from Rowing ACT states:
Within our sport we are aware that severe algal blooms were almost annual
occurrences in the 1960s and 1970s. To our knowledge the lake was never closed
for rowing during the 1960s and 1970s, despite blooms as dense as those seen in
recent years. Those of our rowers who trained across those blooms can recall no
ill effects from their daily training sessions 29.
Poor water quality also threatens the future of water sports in Canberra by limiting
opportunities to recruit new participants. For example, the author of one submission
describes how Lake closures in recent years have caused the cancellation of school
programs for windsurfing and kayaking 30. In addition to the economic loss to
individual clubs and businesses, losing the opportunity to introduce children to
water sports in Canberra has long-term effects:
The biggest impact is the lack of future participants that have been put off,
possibly forever, by the water quality. That is the next generation of
windsurfers and kayakers. Canberra has produced Olympians and National
Champions on these lakes and I fear we will never see that level of achievement
again31.
Submissions note other unfavourable consequences from continuing poor water
quality in the Lake. For example, the submission from Rowing ACT states:

28
29
30
31

Submission
Submission
Submission
Submission

6, page 2.
8a, page 2.
6, page 1.
6, page 1.
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A consequence of past lake closures is that people have transferred from water
sports to more “reliable” sports like cycling where the training venues are not
randomly closed down 32.
The submission from Triathlon ACT describes the risk that poor water quality poses
to major events:
Triathlon ACT will conduct the Australian Sprint Distance Triathlon
Championships in January 2012 and in 2013 using Rond Terraces and Lake
Burley Griffin as the centrepiece of those events. …Those events were awarded
to Triathlon ACT and Canberra not only because of our reputation for
conducting well organised events but because the Rond Terraces site and Lake
Burley Griffin is one of the premiere race venues in Australia. The major risk to
the events being successful is the poor water quality of Lake Burley Griffin —
closure of the lake at the time of one of these events will significantly reduce the
likelihood of Canberra being awarded a prestige triathlon event for many
years 33.
Information from the Burley Griffin Canoe Club lists the impacts of poor water
quality as follows:
•
•
•
•
•
•
•

competitive and non-competitive races needing to be cancelled;
the cancellation of beginner courses;
required the relocation of canoe polo training;
caused the club to consider the merit of extending the club’s shed;
prevented canoeing for recreational and training reasons;
the loss of income from providing safety boats for triathlons; and
limited training for competitors in national and international events 34.

This submission also highlights the difficulty for clubs in finding alternative venues,
because Canberra’s other urban lakes often have poor water quality during the same
periods as when Lake Burley Griffin has been closed.
Submissions show that in recent years the following events have been relocated out
of the ACT due to the risk of Lake closures:
• national championships in wakeboarding 35; and
• International Triathlon Union junior races 36.
When events are cancelled or have low participation rates because of poor water
quality there are significant financial impacts on individual clubs and sporting
groups. For example, a submission from the Canberra Yacht Club states that:

32
33
34
35
36

Submission
Submission
Submission
Submission
Submission

8, page 1.
9, page 2.
20, page 2.
14, page 1.
9, page 1.
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Our operations, development and our finances are highly vulnerable to lake
water quality and lake closures due to water quality. For example, the lake
closure in late 2010 cost us a nett $10000 which we could ill afford to absorb 37.
3.2.4. Impacts of poor water quality on scenic and aesthetic values
Given the important ornamental role of Lake Burley Griffin as the ‘centrepiece of
the National Capital’ there can be impacts on the Lake’s aesthetic values if the water
is contaminated so severely that there are algal scums and bad odours, and if the
water appears brown because of suspended solids.
Algal scums and odours currently have little impact on the scenic and aesthetic
values of the Lake. However, if water quality deteriorates from current levels the
impacts of algal scums and odours could potentially lead to parts of the Lake,
including those that form the backdrop to the National Capital institutions,
occasionally becoming ‘no go’ areas.
Although public perceptions of the Lake’s cleanliness and safety can be strongly
affected by the appearance and colour of the water, coloured (‘turbid’) water does
not necessarily indicate an ‘unhealthy’ Lake, or an increased risk of blue-green algal
blooms or faecal contamination.

Algal scums detract from the scenic values of waterbodies.
Image courtesy of National Capital Authority.

The Lake’s turbidity is caused by the erodibility of the dominant soils of the
catchment, which are washed into the Lake during heavy rain, and the situation is

37

Submission 16, page 1.
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unlikely to change in the future 38. During dry weather, the Lake typically receives
little inflow and its waters have low turbidity and look clear; this is also partly
because during dry weather the naturally concentrating salts in the water cause
suspended particles to clump together and settle to the Lake floor 39.
Nevertheless, it is important for the scenic value of the Lake that high turbidity does
not become more common. Management of the Lake’s catchment must prevent
increases in the inputs of suspended solids, particularly soil particles, so that the
Lake’s scenic value can be maintained.
3.2.5. Economic impacts of poor water quality
Bearing in mind the social and economic value of all of the activities discussed in
Section 3.2.3., the Investigation commissioned a report on the economic impact of
water quality issues (Appendix B; referred to hereafter as the ‘Economic Impacts
Report’).
The economic assessment showed that the Lake has a significant financial value to
the ACT economy, contributing more than $23 million a year, through both direct
and indirect economic benefits 40.
Major contributors to this economic value are rowing regattas, via membership fees
and other income they generate, and payments for the abstraction of water from the
Lake for irrigation purposes.
Direct economic and readily measurable benefits include:
• charges for the abstraction of irrigation water;
• water sports-club membership fees, race entry fees, services (storage of
boats/equipment, hire of boats/equipment), hire of amenities, sale of food
and beverages;
• hire charges for paddle boats and canoes;
• Lake cruise tickets and charter payments; and
• cycle hire.
Indirect benefits include:
• accommodation, meals, other tourist entry fees paid by visitors from
interstate or overseas and participants in Lake-related activities (national
rowing events, national sailing regattas, triathlon events, waterskiing
events);
• purchase of water-sports equipment from local businesses, such as boats,
sails, oars, fuel, fishing gear, clothing, etc.; and
• enhanced patronage of clubs and restaurants around the Lake.

38
39
40

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 80.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 22.
Lawrence I., 2011, Economic Impacts Report (Appendix B), page 8.
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The Economic Impacts Report summarises the value of activities that are subject to
negative impacts from poor water quality, and for which estimates of economic
value could readily be made (Table 3.2).
Table 3.2: Summary of economic assessment
User category

Annual
economic
value

Added value

Water abstraction

$2,453,340

0

$2,453,340

$6,146,540

Boat cruises & charter

$1,422,000

$1,032,000

$2,454,000

$1,652,000

$709,800

0

$709,800

$630,000

Bicycle & boat hire

Total annual
value

Annual loss
because of
Lake closure

Restaurants added
value
Sailing

0

$4,260,600

$4,260,600

$2,130,300

$655,000

$240,000

$895,000

$1,026,000

Triathlons, marathons

$610,000

$1,120,000

$1,730,000

$1,852,000

$6,366,563

$3,600,000

$9,966,563

$11,239,876

Dragon boats

$148,000

$200,000

$348,000

$377,600

Waterskiing

$40,000

$80,000

$120,000

$128,000

Canoeing & kayaking

$66,000

$192,000

$258,000

$271,200

$600

$600

$720

Sea Scouts

$19,900

$19,900

$23,880

Fishing

$29,500

$15,000

$44,500

$35,400

$12,520,700

$10,739,600

$23,260,300

$25,513,500

Rowing

Model boats

Total value
Notes:

Annual economic value comes from income from memberships, event entry fees, hire of equipment, hire of storage
space, hire of facilities, sale of food & beverages.

Annual added value: Additional expenditure made by interstate & international participants in Club events, on

accommodation, food & beverage, & patronage of other facilities.
Total annual value: Annual Club/Organisation value + Annual added value.
Annual cost of closure: Annual income lost and expenses incurred as a result of loss of access to Lake, plus cost of
disposal of equipment, plus cost to Canberra members of travel to facilities outside of Canberra, plus loss of 'annual
added value'.

The Economic Impacts Report concluded that:
In the event of continued deterioration in the quality and reliability of the Lake
as a sport venue, the annual economic cost to Canberra would be $25,513,500.
This amount includes not only the loss in economic value accruing to Canberra
as a result of termination of the Lake related activities, but additional costs
incurred by organizations in terms of devaluation of equipment and facilities,
and costs incurred in travelling to venues outside of the ACT 41.
The termination of all activities in Table 3.2 above because of poor water quality is a
‘worst case’ scenario. A better way to illustrate the effects of poor water quality is to
consider the impacts of closure for a certain percentage of the summer season.
41

Lawrence I., 2011, Economic Impacts Report (Appendix B), page 8.
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Assuming a closure lasts for 4 weeks, the percentage of the summer period affected
by closures was calculated for closure frequencies between once every 2 years, and
three times per year (Table 3.3).
Table 3.3: Impacts of Lake closures lasting 4 weeks on average during the summer season
(20 weeks)
Number of closures per year

Probable percentage of summer period affected by closures

0.5

10%

1.0

20%

2.0

40%

3.0

60%

Based on the submissions of user groups, the Economic Impacts Report concluded
that a probability of Lake closure greater than 10 per cent would be unacceptable to
organisers of international and national events, while a 20 per cent probability
would also be unacceptable for local club events.
From the perspective of organised sport and recreational activities, the report
suggested these impacts for three different water-quality scenarios:
• a low probability (<10 per cent) of closure: some marginal loss in economic
value of the Lake;
• an intermediate probability of closure (10–30 per cent): significant loss of
national and international activities, and a decline in local activities, with
resulting loss of income; and
• a high probability of closure (>30 per cent): major reduction in income
resulting from the substantial loss of Lake-based recreational activities and
services.
The corresponding marginal costs of Lake closures to the ACT are shown in
Table 3.4.
Table 3.4: Marginal costs of Lake closure scenarios
Number of closures per
year
<0.5
0.5 to 1.5
>1.5

Probable percentage of
summer period affected by
closures
<10%

Annual cost to the ACT
community
$400,000

10–30%

$16,000,000

>30%

$19,000,000
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Lake Burley Griffin also provides environmental services, including water-pollution
control for the Murrumbidgee River and drainage and flood management. It has not
been possible for the Investigation to evaluate the economic value of these services.
The Economic Impacts Report’s recommendations emphasise the Lake’s economic
value and the impact that deteriorating water quality would have on that value. It
concludes by recommending further analysis of the economic benefits of the Lake
and of Lake water quality:
This Paper has demonstrated the substantial economic and social benefits of the
Lake’s sport, recreational, water and landscape values to the ACT community,
and the serious potential for loss of these benefits as a result of decline in water
quality of the Lake.
In view of the limited scope of information accessible for this analysis, and the
emerging significance of the economic element to the investigation, it is
recommended that a more detailed and rigorous economic assessment be
commissioned, as necessary to guide decisions on management of this valuable
asset into the future 42.
This Investigation supports this assessment and, in Chapter 9, recommends that the
full value of the Lake and Canberra’s other major recreational waterways are
assessed, to allow more informed decisions about water quality improvements.

42

Lawrence I., 2011, Economic Impacts Report (Appendix B), page 8.
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4.

Management of Lake Burley Griffin and its
catchments

Responsibilities for managing water quality in Lake Burley Griffin and its
catchments and water courses are shared between the Australian Government, the
NSW and ACT governments, and local governments in Queanbeyan City, Palerang
and Cooma-Monaro in NSW (Table 4.1). Although there are numerous entities
managing the Lake’s catchment and sub-catchments, there is no mechanism for
overall coordination between them. The implications of this situation and the
Investigation’s recommendations on governance are discussed in Chapter 10.
In the present Chapter, Section 4.1 presents an overview of management
arrangements and responsibilities, which are then discussed in more detail in
Sections 4.2 to 4.4 below. Appendix G provides more detail on the legislative and
policy framework for the management the Lake and its catchments.

4.1. Overview of management responsibilities
The Australian Government through the National Capital Authority (NCA)
manages the Lake itself and its foreshore which are designated as National Land
under the Commonwealth Australian Capital Territory (Planning and Land
Management) Act 1988. However, its management responsibilities do not include
catchment areas of the Lake other than those on National Land.
The ACT Government manages catchments in the ACT on Territory Land, including
the Molonglo River sub-catchments of Kowen, Fyshwick, Central Molonglo, and
some streams flowing directly into the Lake, such as Jerrabomberra and Sullivans
Creeks, and drainage lines in ACT urban areas draining to the Lake (refer to the
catchment maps at Appendix H).
In NSW, the Lake’s catchment is the responsibility of the NSW Government,
Queanbeyan City Council, Palerang Council, and Cooma-Monaro Shire Council.
Community organisations, such as Landcare and the Molonglo Catchment Group,
and private landholders also play a valuable role in catchment management.
Water resources management in the Googong Reservoir is the responsibility of
ACTEW Corporation, while the ACT Government manages the reservoir’s
foreshores with the objective of ensuring that any activities on the foreshores do not
impact adversely on the area’s primary purpose of providing a potable water
supply. As noted in Chapter 2, the reservoir sits upstream of Googong Dam on the
Queanbeyan River which flows into the Molonglo River and ultimately through
Lake Burley Griffin. Googong Reservoir and its foreshores are situated entirely
within NSW but are owned by the Australian Government.
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Table 4.1: Governance responsibilities for the Lake Burley Griffin catchment
Jurisdiction

Catchment

Relevant organisations
• Territory and Municipal Services
Directorate (ACT Government)

Central Molonglo (except
areas controlled by the NCA)
ACT Government

Googong Foreshores

• ACTEW Corporation
• Environment and Sustainable
Development Directorate (ACT
Government)
• Territory and Municipal Services
Directorate (ACT Government)
• ACTEW Corporation

Commonwealth

The Lake and National Land
surrounding the Lake

• National Capital Authority
• NSW Office of Water

All areas outside the ACT

Lower Queanbeyan River
New South Wales

Jerrabomberra Headwaters
Upper Molonglo – as far as the
ACT border
Googong – north (except
Googong Foreshores)
Googong – south

• NSW EPA
• Murrumbidgee Catchment
Management Authority
• Queanbeyan City Council

• Palerang Council

• Cooma-Monaro Shire Council

Note: Catchments named in this table are shown in Figure 2.2.

4.2. Australian Government (National Capital Authority)
Administration of the Lake is carried out by the NCA under the Lakes Ordinance
1976 and National Land Ordinance 1989. The NCA’s management of the Lake aims at
“protecting and enhancing its water quality and allowing for a greater and more diverse
range of uses 1.”
The objectives for water quality management are:
• promoting the ornamental and visual values of the Lake as intended by the
National Capital Plan;
• maintaining the Lake as a viable and stable ecosystem, which encourages the
development of plant and animal species in order to protect the ecological
aesthetic and scientific values of the Lake and its foreshores;

1

National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 10.
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• having an acceptable ‘quality of flow’ regime that enables the Lake to be
utilised as a water quality control pond to maintain, as far as practicable,
downstream water quality and flow; and
• maintaining acceptable water quality to support the recreational and
commercial functions of the Lake 2.
The Lake’s water quality is regularly monitored on behalf of ACT Health Protection
Service and the NCA. The NCA assesses the results in relation to the above
objectives and the ACT Guidelines for Recreational Water Quality (2010) 3 to guide its
decisions about use of the Lake for recreation 4. The monitoring, assessment of
results and protocols for closing the Lake are discussed in Chapter 6.

4.3. ACT Government
The ACT Government is responsible for planning and regulation in relation to many
of the human activities within the catchment that have an impact on water quality.
It has direct catchment management responsibilities for the following subcatchments:
• Canberra city centre, inner north and inner south suburbs (excluding the
waters and foreshores of the Lake and other National Land) that drain
directly into the Lake 5;
• Sullivans Creek 6;
• Molonglo River sub-catchments of Fyshwick, 7 Kowen 8 and Woolshed
Creek 9;
• the northern part of the catchment of Jerrabomberra Creek 10; and
• Googong foreshores 11, situated in NSW.
4.3.1. ACT water policies and regulation
The ACT Government water strategy, ‘Think water, act water’, defines water policy
across areas that are important to water supply security and sustainability, and to
the protection of ecological and social and human health values. The strategy works
towards integrating water cycle management with economic, social, infrastructure
and urban planning12.
The Territory Plan 2008 13, an instrument under the Planning and Development Act
2007, has the objective of ensuring, in a manner consistent with the National Capital
National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 16.
ACT Health, 2010, ACT Guidelines for Recreational Water Quality.
4
National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 55.
5
See Appendix H: Catchment Maps, page 11.
6
See Appendix H: Catchment Maps, page 12.
7
See Appendix H: Catchment Maps, page 8.
8
See Appendix H: Catchment Maps, page 13.
9
See Appendix H: Catchment Maps, page 7.
10
See Appendix H: Catchment Maps, page 3.
11
See Appendix H: Catchment Maps, page 6.
12
ACT Government, 2004, ‘Think water, act water’, Volume 1, page 12.
13
ACT Government, 2012, Territory Plan 2008, current revision.
2
3
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Plan, 14 the planning and development of the ACT, to provide its people with an
attractive, safe and efficient environment 15, including through the encompassing of
water quality management within land use planning. Relevant parts of the Territory
Plan include:
• the Water Use and Catchment General Code 16 which identifies waters of the
ACT in terms of the permitted water uses and environmental values, as well
as water quality and streamflow criteria related to the full protection of these
uses and values;
• specific requirements for erosion and sediment controls on land
development sites consistent with the Environment Protection ACT 1997
contained in the development codes for residential, commercial, industrial
and community facility zones 17; and
• the Waterways: Water Sensitive Urban Design General Code 18 that encompasses
the ACT Government commitment, expressed in ‘Think water, act water’, to
urban planning and design which integrates the management of the urban
water cycle into the urban development process.
Along with the Territory Plan, the ACT Water Resources Act 2007 provides the legal
framework for water management in the ACT and has the following objectives:
• ensuring that the use and management of the water resources of the
Territory sustain the physical, economic and social well-being of the people
of the ACT while protecting the ecosystems that depend on those resources;
• protecting waterways and aquifers from damage, and where practicable
reversing damage that has already occurred; and
• ensuring that the water resources are able to meet the reasonably foreseeable
needs of future generations.
The Act regulates water quantity distribution and licensing of works in waterways
and other water management activities. Water quality regulation is carried out
through the Environment Protection Act 1997 and the Environment Protection
Regulation 2005.
The Regulation gives effect to protecting the water quality-related values outlined in
the Territory Plan. The Territory Plan is currently being reviewed with the aim of
ensuring that it remains a contemporary best practice document 19. The Environment
Protection Regulation 2005 was made under the Environment Protection Act 1997. It
identifies harmful substances and sets out regulations to mitigate or prevent the
release of these substances into the environment, including:
• substances not to enter waterways;
National Capital Authority, 2007, Consolidated National Capital Plan, incorporating amendments.
ACT Government, 2012, Territory Plan 2008, 1.1 Governance.
16
ACTPLA, 2009, Water Use and Catchment General Code.
17
Sediment and erosion control provisions of sections on residential zones, commercial zones, industrial zones and
community facility zones: ACTPLA, 2011, Residential Zones - Multi Unit Housing Development Code.
18
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 3.
19
ACT Government, 2012, Territory Plan 2008, current revision.
14
15
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•
•
•
•
•

building work waste not to enter stormwater system or waterways;
areas near building work to be kept clear;
entries to and exits from land to be kept stable;
commercial and non-commercial washing of vehicles and other things; and
discharge of stormwater into receiving waters 20.

Regulations that are stipulated apply to point source waste discharges, where the
source of the discharge can be identified.
The Territory Plan also contains specific requirements for erosion and sediment
control on land-development sites within the ACT. For example, the ‘Residential
Zones — Multi Unit Housing Development Code’ contains rules that:
For sites less than 0.3 hectare a plan is provided to demonstrate that the development
complies with the ACT Environment Protection Authority (EPA) Environment
Protection Guidelines for Construction and Development in the ACT… and… For
development on a site greater than 0.3 of a hectare, the application is accompanied by
an Erosion and Sediment Control Plan endorsed by the ACT EPA 21.
When implemented, sediment and erosion control plans, complying with the
Environment Protection Act 1997, should mitigate the escape of sediment from
development or construction sites, so reducing the sediment loads entering
downstream environments, including into Lake Burley Griffin. Sediment and
erosion control plans are generally part of the conditions in Environmental
Agreements, issued under the Environment Protection Act 1997 and do not require
water quality monitoring data to be collected and forwarded to the EPA.
4.3.2. Responsibility for stormwater infrastructure
Roads ACT, a division of the Territory and Municipal Services Directorate
(TAMSD), maintains the urban stormwater network for the ACT including sumps,
stormwater pipes and channels, water quality pond embankments, cut off drains,
retarding basins, gross pollutant traps (GPTs), dams and weirs 22. This organisation
is responsible for ensuring the safe and effective functioning of the stormwater
network as a whole.
4.3.3. Environment Protection Authority responsibility in relation to water
quality in Lake Burley Griffin
As noted above in section 4.3.1, the water quality standards for various water uses
in the ACT are identified in the Environment Protection Regulation 2005 (Schedule 4).
These do not apply to the Lake, which is on National Land, however, they do apply
to waterways on Territory Land that form part of the Lake’s catchment.

20
21
22

ACT Government, 2005, Environment Protection Regulation 2005. Division 4.2, Regulations 44 to 50.
ACTPLA, 2011, Residential Zones - Multi Unit Housing Development Code, pages 25-26.
TAMSD, n.d., Storm Water Network. http://www.tams.act.gov.au/move/roads/stormwater/stormwater
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Environment Protection Authority (EPA) activities in relation to the Lake were
reported as follows:
• EPA officers use weekly visual monitoring of Lake Burley Griffin to check
for blue-green algae and forward their observations to the NCA for
appropriate action.
• In the event of a spill likely to cause a pollution incident the EPA would be
the appropriate agency to investigate that spill.
• Point source pollution, such as from treated sewage effluent discharged from
treatment plants, is subject to licensing conditions through Environmental
Authorisations administered by the EPA.
4.3.4. Responsibility for Googong Reservoir and foreshores
Googong Dam modifies flows from the Queanbeyan River into the Molonglo River,
and hence through the Lake. The ACT Government manages the reservoir’s
foreshores, and ACTEW Corporation is responsible for managing the water
resources, as noted above.
According to the Googong Foreshores Draft Plan of Management 2007, which is
currently being finalised, the reservoir area (the ‘Dam Area’) is owned by the
Australian Government 23. Commonwealth legislation takes precedence over all
other legislation except where it can operate concurrently with the other legislation.
Likewise, NSW legislation, local government legislation and ACT legislation can
have effect where they are not inconsistent with Commonwealth legislation.
The ACT can carry out its functions under the Commonwealth Canberra Water
Supply (Googong Dam) Act 1974 because NSW laws that operate in the Dam Area
cannot restrict those functions without being inconsistent with Googong Dam Act.
The ACT Government has no general power to legislate in respect of the Googong
Dam Area, and is only able to legislate in relation to the manner in which the ACT
Executive exercises its powers and performs its functions and duties as stipulated in
the Googong Dam Act (s. 6A).
The ACT carries out some of its responsibilities under the Googong Dam Act in
accordance with the Water Resources Act 2007 (ACT); in particular, the regulation of
ACTEW Corporation in taking water and in the specification of Environmental Flow
Guidelines (s. 1.4.4). Another ACT Government role, in relation to the ACT
Executive’s duty of environmental protection under the Googong Dam Act, is to:
manage activities in the Googong Foreshores to ensure that they do not impact
adversely on the area’s primary purpose of providing a potable water supply 24.
Water supply infrastructure, and use of water stored in Googong Reservoir, are both
managed by the ACTEW Corporation Ltd (‘ACTEW’) which has responsibility for
23
24

TAMS, 2007, Googong Foreshores Draft Plan of Management, page 13.
TAMS, 2007, Googong Foreshores Draft Plan of Management, page 32.
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the provision and maintenance of Googong water supply and storage infrastructure,
dam safety, water distribution network, reservoir drawdown, treatment for
drinking purposes, and monitoring of water quality.
ActewAGL, as an agent for ACTEW, works with other regional stakeholders to
improve water quality in Canberra’s water supply catchments, including the upper
Queanbeyan River catchment, through the Company’s Source Water Protection
Program (SWPP). The SWPP grants scheme delivers targeted funding to partners
and stakeholders to support improved understanding of the importance of healthy
catchments in the supply of safe drinking water, and to encourage sensitive
management of the catchments 25.

4.4. NSW Government
The NSW Government is responsible for the following sub-catchments of Lake
Burley Griffin:
• the Molonglo River within NSW (upper Molonglo catchment);
• the sub-catchments of Jerrabomberra Creek within NSW; and
• all the Queanbeyan River, including the sub-catchments Tinderry, Googong
Dam other than the reservoir and its foreshores, lower Queanbeyan and
Burra.
Catchment management in NSW is the responsibility of Catchment Management
Authorities (CMAs), which are independent statutory authorities whose charter is
to ensure that regional communities have a say in how natural resources are
managed in their catchment 26.
Water quality management responsibilities are spread over a number of NSW
Government agencies. The NSW Office of Water, through its water licences, requires
that contaminated irrigation or mining water not be returned directly to rivers and
groundwater. The NSW Environment Protection Authority licenses discharges to
waters from certain activities 27.
The Lake Burley Griffin catchment is part of the upper catchment of the
Murrumbidgee River, managed by the Murrumbidgee CMA. The CMA has adopted
a 10-year Murrumbidgee Catchment Action Plan that sets targets for the condition and
management of the resource 28. A mid-term review of the plan is currently
underway.

4.5. Local councils
Three local councils in NSW have responsibilities in relation to Lake Burley Griffin’s
catchment: Palerang, Queanbeyan City and Cooma-Monaro. Each council has its
25

ActewAGL, 2011, Source Water Protection Program Grants scheme, Applicant information, 17 October 2011.
NSW Government (n.d.) Catchment Management Authorities in NSW, http://cma.nsw.gov.au/
27
NSW DPI Office of Water (n.d.) Water Quality. http://www.water.nsw.gov.au/Water-Management/Waterquality/default.aspx/
28
Murrumbidgee CMA, 2008, Murrumbidgee Catchment Action Plan, Chapter 5.6, Water Asset, page 64.
26
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own governance processes, all of which, if implemented, can improve water quality.
The councils are the Appropriate Regulatory Authority under the NSW Protection of
the Environment Act, and are therefore responsible for regulating:
all non licensed activities for water pollution (which are not regulated by the EPA).
Councils may issue notices which require certain things to be cleaned up, prohibit or
authorise certain activities. [They may also] issue infringement notices where a
person pollutes water 29.
Palerang Council has recently completed a survey of potential water pollution sites
across the western Palerang area, including the catchments of the upper Molonglo
River and the Googong Reservoir. The survey adopts the Sydney Catchment
Authority (SCA) ‘land use – pollution risk’ categories and pollution indicators as the
basis for identifying pollution sources and assessment of their water quality impact
risks. Palerang Council reported that in 2011:
On Site Sewage Management Systems represented the most prevalent water quality
risk issue, followed by waterway road crossings, and gully and streambank erosion.
The highest risk pollutant was identified as suspended solids, followed by nitrate,
pathogens, phosphate and other chemicals 30.
The Queanbeyan City Council, which has management responsibilities in the
catchments of the Molonglo and Queanbeyan rivers, has prepared a Queanbeyan
River Corridor Plan of Management and Platypus Awareness and Conservation Strategy
(2012). 31 Queanbeyan City Council also has responsibility for operation and
maintenance of the Queanbeyan City Council Sewage Treatment Plant.
All three councils regulate pollution in their rural and rural residential areas
through development-consent requirements. These set the requirements for waterquality impacts from erosion, land use, sewage management and effluent disposal,
via, for example:
• Cooma-Monaro Local Environment Plan 1999 (Rural) 32;
• Queanbeyan Local Environmental Plan 1998 as amended 33;
• Yarrowlumla Development Control Plan: Rural & Rural Residential Zones
Applying to the Queanbeyan City Council Area 34;
• Yarrowlumla Local Environment Plan 2002 35 which applies to part of Cooma
Monaro Shire;
• Palerang Council Local Environment Plans 36; and
29

Email from NSW Environment Protection Authority to the OCSE, 8 March 2012.
Palerang Council, 2011, Draft Water Quality Snapshot for Western Palerang, September 2011.
31
Queanbeyan City Council, 2012, Queanbeyan River Corridor Plan of Management and Platypus Awareness and
Conservation Strategy.
32
NSW Government 2011, Cooma-Monaro Local Environmental Plan 1999 — Rural.
33
NSW Government 2011, Queanbeyan Local Environmental Plan 1998.
34
Queanbeyan City Council (n.d.) Development Control Plans. http://www.qcc.nsw.gov.au/Building--Development/Development-Control-Plans?retain=true&PagingModule=416&pg=4
35
NSW Government, 2010, Yarrowlumla Local Environment Plan 2002,
http://www.austlii.edu.au/au/legis/nsw/consol_reg/ylep2002374/ and
http://www.legislation.nsw.gov.au/scanview/inforce/s/1/?EPITITLE=%22Yarrowlumla%20Local%20Environment
al%20Plan%202002%22&nohits=y
30
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• Palerang Council Development Control Plans 37.

4.6. Community groups
The Upper Murrumbidgee Catchment Coordinating Committee (UMCCC) has a
coordinating role in managing the upper Murrumbidgee River catchment, which
includes the ACT region. The Committee is a community-based organisation made
up of agencies and groups responsible for natural resource management in the
catchment 38. The UMCCC aims to be a regional cross-border network to enhance
communication between government agencies and groups in NSW and the ACT
which lie wholly within the upper catchment of the Murrumbidgee River. The
Murrumbidgee CMA and the Molonglo Catchment Group, the ACT Government,
ACTEW Corporation and ActewAGL are among its members 39.
The community-based Molonglo Catchment Group has prepared two strategy
documents for the Molonglo River catchment above, below and including Lake
Burley Griffin. These are the 2005 Molonglo Catchment Strategy 2004 to 2024, and the
Molonglo River Rescue Action Plan 2010, which includes as one of its goals ‘Long term
reduction in the nutrient levels and incidence of Cyanobacteria blooms particularly
in Lake Burley Griffin’ 40.

36

37

38
39
40

Palerang Council, n.d., Local Environment Plans.
http://www.palerang.nsw.gov.au/index.php?option=com_jentlacontent&view=category&id=2352&Itemid=2842
Palerang Council (n.d.) Development Control Plans.
http://www.palerang.nsw.gov.au/index.php?option=com_jentlacontent&view=category&id=2353&Itemid=2843
Upper Murrumbidgee Catchment Coordinating Committee (UMCCC), n.d., http://umccc.org.au/aboutumccc/
UMCCC, n.d., About UMCCC. http://umccc.org.au/aboutumccc/
Molonglo Catchment Group, 2010, Molonglo River Rescue Action Plan 2010, page 22.
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5.

Water quality of the Lake and catchments

5.1. Water Quality Assessment
This chapter focuses on Lake Burley Griffin’s water quality and its effects on the
Lake’s natural heritage (environmental) values, and use values (such as for
recreation and tourism; see Section 2.2). These are considered the uses most
threatened by poor water quality now and in the coming decades.
To assist the Investigation, a study of the quality of waters flowing into the Lake
and in the Lake itself was commissioned. The resulting Water Quality Assessment
by Ian Lawrence is at Appendix A.
The study used an assessment framework based on the way the Lake is valued,
threats to the values of the Lake resulting from lower water quality, and processes
driving changes towards lower water quality. This is consistent with the approach
used in the Australian & New Zealand Guidelines for Fresh and Marine Water Quality
2000 (‘the ANZECC Guidelines’). Figure 5.1 summarises the assessment framework.
The Water Quality Assessment included analysis of water quality data collected
during the years 1978 (when Googong Dam was completed) to 2011. These data
were collected for the waters of designated swimming beaches within the Lake 1, as
well as for four water-quality monitoring stations: Dairy Flat (on the Molonglo River
upstream of the Lake), East Basin, West Lake and Scrivener Dam.

1

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 16.
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Figure 5.1. Water Quality Assessment Framework 2

Describe the water body;
Note available data/information;
Note Ecosystem Classification

Define management objectives
Identify environmental & use values to be protected
Identify guidelines for ensuring their protection

What are the major potential threats to these values?
What are the relevant indicators for assessing these threats?

How does the Lake perform in relation to these indicators &
guidelines?

What stressors contribute to this performance?
In-Lake conditions
Catchment conditions

What are the Lake water quality & ecological responses to these
stressors?

What are the management intervention options for restoring
environmental & use values?

2

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 10.
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5.2. Lake Burley Griffin water quality
Water quality in lakes and rivers can be described in terms of the waters’ chemical
and physical characteristics. These include the concentrations of suspended particles
(and resulting turbidity); concentrations of phosphorus, nitrogen, chlorophyll ‘a’ (a
measure of algal biomass), bacteria, metals and dissolved oxygen; and the waters’
electrical conductivity (a measure of total dissolved salts) and acidity or alkalinity
(pH).
The values of these characteristics vary continually in response to biological,
biochemical and geochemical processes, and interactions with flora, fauna and
materials in the waters. Water quality is also influenced by rainfall, temperature and
wind. Processes and materials that reduce water quality are termed ‘stressors’.
These characteristics of waters are particularly useful in assessing if a waterbody
can be used for human activities such as drinking or recreation, or their
corresponding ‘use values’; they do not in themselves indicate its ecological health.
Descriptions of the ecological health of lakes or rivers, on the other hand, also
include the condition of resident populations of fish, or invertebrate organisms such
as insect larvae. Species of macro-invertebrates (large enough to be seen with the
naked eye) range from being very sensitive to the water quality characteristics of the
waters they live in, to very tolerant of contaminated water, and so measuring their
relative numbers in water samples shows how those waters rate ecologically; for
example, ecologically healthy (many sensitive organisms present) or not (mainly
tolerant species). Ecological health is not further discussed in this Chapter.
The effect of a particular stressor on a waterbody’s ecological health or water quality
depends on three major factors:
• the type of ecosystem;
• the type of stressor and whether it has a direct or indirect effect on the
ecosystem; and
• the influence of other environmental factors (modifiers) 3.
All these factors were considered in assessing water quality in the Lake.
5.2.1. Nutrients, algae and trophic status
Nutrients, such as nitrogen and phosphorus, are essential components of the waters
and organisms in aquatic ecosystems because of their roles in biochemical processes.
However, high concentrations of these nutrients can contribute to excessive growth
of algae in the waters — a situation called eutrophication. Eutrophication, which is
measured as algal biomass, total phosphorus concentration and turbidity of the
water 4, has negative effects on waterways’ ecological and recreational values.

3
4

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 11.
US EPA, n.d., Classifying Lakes and Ponds. http://www.epa.gov/bioindicators/aquatic/classify.html
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Waterbodies can be classed into ‘trophic levels’ in terms of their degree of
eutrophication.
• Oligotrophic lakes have low concentrations of nutrients: average annual
phosphorus concentration <10 micrograms per litre and average annual
chlorophyll ‘a’ <5 micrograms per litre. Water in oligotrophic lakes is often
clear and of high drinking-water quality.
• Mesotrophic lakes have average annual phosphorus concentrations of
10–30 micrograms per litre and average annual concentrations of
chlorophyll ‘a’ of
5–15 micrograms per litre. Mesotrophic lakes are intermediate between the
oligotrophic and eutrophic levels.
• Eutrophic lakes have very high concentrations of nutrients, and
consequently may be subject to algal blooms. They have average annual
phosphorus concentrations of
30–100 micrograms per litre and average annual concentrations of
chlorophyll ‘a’ >15 micrograms per litre 5.
A comparison of the average annual water quality characteristics of Lake Burley
Griffin and 20 other inland lakes from around the world, chosen for illustrative
purposes (Figure 5.2), indicates that Lake Burley Griffin’s trophic status is between
mesotrophic and eutrophic, and better than most of the other lakes in the
comparison 6.
Figure 5.2: Comparison of trophic status of Lake Burley Griffin with inland lakes worldwide
(µg/L indicates micrograms per litre) 7

5
6
7

Email from I Lawrence to OCSE, 15 January 2012.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 41.
Cullen P. and Forsberg C., 1988, Experiences with reducing point sources of phosphorus to lakes. Hydrobiologia
170:321−336.
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Key to lake names
Asv
Bor
Burr
Cha
Dju
Gar
Gey
Ginn
Gipp
Gje

Asvaltijarn
Boren
Burrinjuck Reserv
Chaffey Reservoir
Djulosjon
Garan
Geysjon
Ginninderra
Gippsland Lakes
Gjersjoen

Gor
Gra
Gre
Hal
Hja
Hur
LBG
Ott
Mala
Min
Ont

Gorvaln Bay
Gravenhurst Bay
Greifensee
Haley Pond
Hjalmaren
Huron
Lake Burley Griffin
Little Otter
Malaren Ekoln B
Minnetonka
Ontario

Sag
Sha
Sil
Sup
Tugg
Utt
Van
Vat
Wan
Was

Saginaw
Shagawa
Sillen
Superior
Tuggeranong
Uttran
Vanern
Vattern
Wanbach Reserve
Washington

Compared to other lakes within the ACT region, Lake Burley Griffin has more
chlorophyll ‘a’ than Lake Ginninderra but less than Lake Tuggeranong and Lake
Burrinjuck. In this comparison of annual average values, Lake Burley Griffin is
healthy, in the sense that it is not overloaded with available nutrients and does not
have extreme concentrations of algae.
5.2.2. Variable water quality within Lake Burley Griffin
Although on average Lake Burley Griffin has water that is better than that of
eutrophic lakes, its water quality was found to vary across different parts of the
Lake in a consistent pattern. Water quality was generally poorer near the Molonglo
Reach at the upstream end of the Lake and better near the Scrivener Dam, the Lake’s
outlet, as shown by reductions in the mean levels of all water quality indicators:
nitrogen, phosphorus, suspended solids, chlorophyll ‘a’, total algal cells and
cyanobacteria cells 8. The ‘Zoning of uses’ in the National Capital Planning
Authority’s Lake Burley Griffin Management Plan (1995) and the NCA’s Water Quality
Management Plan 2011, reflects this pattern of improving water quality associated
with flow distance from the Molonglo River inlet into East Basin, by permitting
primary recreation only in the Lake’s downstream areas where the water quality is
higher 9. Designated use values for the Lake are detailed in Table 2.2 (Chapter 2).
Four out of five of the Lake’s shallow designated swimming areas — Yarralumla
Bay, Weston Park East, Weston Park West and Black Mountain Peninsula — have
particular characteristics that can exacerbate incidents of poor water quality even
though the beaches are located in the downstream zones. These characteristics
include:
• shallow, warm water;
• positioning to protect swimmers from currents, which leads to reduced
mixing of the water); and
• exposure to wind-blown algal scums.
Three of the four beaches are also close to inlets from local drainage.
8
9

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 39.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 12.
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A number of times in recent years, the waters in the embayments have had elevated
concentrations of faecal coliform bacteria and blue-green algal cells 10, exceeding the
guideline limit for human health (Table 5.1) 11.
Table 5.1: Lake water quality in embayments and open water, during September 2007 –
April 2011
Embayment
Indicator

Open
water

Yarralumla
Beach

Black
Mountain
Beach

Weston
Beach

Number of samples in
exceedance of Cyanobacteria
Guideline value

8

8

8

3

Number of samples in
exceedance of Enterococci
Guideline value

5

14

17

No data

Regrowth of faecal bacteria in sediments of shallow embayments has been identified
as a potentially major source of faecal bacteria 12. Therefore, some occurrences of
faecal coliform bacteria in Lake Burley Griffin may result from regrowth in
sediments rather than from pollution events. This issue is discussed in Chapter 6.
5.2.3. Threats to Lake Burley Griffin water quality
The Water Quality Assessment identifies several current and potential threats to the
Lake’s environmental and recreational use values, as well as indicators of the
threats, and potential stressors (Table 5.2) 13.
The ANZECC Guidelines recommend comparing a water body to a reference water
body or system as a baseline from which to decide on a trigger level for taking
management action to amend poor water quality. As a constructed lake, Lake
Burley Griffin would be classified as a ‘highly modified ecosystem’ under the
ANZECC Guidelines. Under the Guidelines, the health of a highly modified
ecosystem is assessed against either community aspirations for the ecosystem, or
median values within the 80th percentile range of a reference ecosystem from the
‘slightly modified’ category 14.
This highlights the appropriateness of considering community expectations and
aspirations when determining acceptable levels of water quality in Lake Burley
Griffin.

10

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 33 and 34.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 34.
12
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 83.
13
Lawrence I., 2011, Water Quality Assessment (Appendix A), pages 13,14.
14
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 11.
11
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Table 5.2 Threats to Lake Burley Griffin water quality
Threats to environmental values
Threat

Indicator

Stressor

Changes in micro plant (algae and
Chlorophyll ‘a’ concentration; Large inputs of nutrients and
phytoplankton) structures and
Relative proportions of algal
organic matter.
concentrations as a result of increased species.
concentrations of nutrients available
in the water column, and changes in
nutrient composition.
Changes in macro-plant structures.

Loss of macrophyte habitat;
Chlorophyll ‘a’ concentration;
Epiphytic growth;
Large amounts of suspended
solids.

Large inputs of nutrients and
organic matter;
Large influx of sediments;
Large amounts of suspended
solids.

Smothering of lakebed (‘benthic’)
organisms, depleting benthic
organism populations.

Reduction in
diversity/numbers of macroinvertebrates;
Sediment deposition rates.

Large influx of suspended solids,
and internal re-suspension of
sediments as a result of loss of
plants binding the sediments.

Asphyxiation of aquatic organisms.

Death of respiring organisms;
Low concentrations of
dissolved oxygen in bottom
water.

Organic material discharged to the
Lake.

Impairment of the diversity,
populations and health of aquatic
animals as a result of changes in pH.

Changes in pH.

Changes in pH of waters entering
the Lake;
High algal production.

Effects on biota as a result of high
concentrations of heavy metals.

Reduction in
Heavy-metal discharges to the
diversity/numbers of macro- Lake.
invertebrates;
Concentrations of heavy metal
ions.

Threats to recreational use values
Threat

Indicator

Stressor

Increased incidence and
concentrations of blue-green
algae and their associated toxins
harmful to human health.

Chlorophyll ‘a’
concentrations;
Cyanobacteria algal
cell numbers, scum
formation, toxin levels.

Large inputs of nutrients and organic matter.

Increased frequency of unacceptable pathogen levels
(health risk).

Faecal bacteria (faecal
coliforms, Enterococci).

Increased concentrations of pathogens in
waters entering the Lake.

Impacts on aesthetic values.

Nuisance plant growth
(scums & odours),
elevated turbidity.

Large inputs of nutrients and organic matter;
Large influx of suspended solids;
Erosion of banks, and loss of macrophyte
stabilisation of shallow sediments.
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5.3. Causes of poor water quality
Poor water quality, defined as water quality that compromises the environmental
and recreational values of the Lake, occurs when there is excessive flood debris or
where water is contaminated by faecal bacteria and/or excessive algae (especially
blue-green algae). Poor water quality results from interactions between factors such
as low concentrations of dissolved oxygen, mobilisation of phosphorus in
sediments, and loss of large aquatic plants from the Lake. These factors are
discussed below. Some other potential causes of poor water quality — high
concentrations of nitrogen, high concentrations of suspended solids, extreme acidity
or alkalinity, and effects of heavy metals — are also considered.
5.3.1. Faecal contamination
Microorganisms such as bacteria exist in most environments, including aquatic
systems such as Lake Burley Griffin. Some bacteria are harmful to humans when
ingested. In particular, bacteria associated with faecal contamination of water pose a
risk to primary contact users of the Lake, such as swimmers. It is impossible to
regularly monitor for the entire range of potential pathogens in lake water, and
monitoring therefore tests for particular organisms that are known to indicate there
is a risk of human pathogens being present. In the past, faecal coliform bacteria
(Escherichia coli) were used as a marker organism, but this is a non-specific indicator
and it does not identify whether the source of contamination is from animals,
humans, or plant decomposition. In 2009, intestinal enterococci (Enterococci sp.)
replaced faecal coliforms as the indicator used for faecal pollution monitoring in
Lake Burley Griffin, because they are thought to be better correlated with human
pathogen presence and concentrations than faecal coliforms 15.
This change in indicators, and an absence of data before 1988, has made it
impossible to compare concentrations of faecal contamination in the Lake over
time 16. The Water Quality Assessment reports some observations on changes in the
sources of contamination over time, and these are discussed below in Section 5.4.1,
Urban Catchments.
Concentrations of bacterial indicators show no consistent pattern of decline as water
flows through the length of the Lake. Bacteria enter the Lake at many points
through stormwater discharges from adjacent urban catchments 17. As mentioned
above, some high concentrations of faecal coliforms (as faecal coliform units, CFUs)
that are sometimes measured in Lake Burley Griffin could result from ‘regrowth’ of
coliforms already in the Lake (sediment coliforms):
A number of the monitored faecal coliform events in Yarramundi Reach are
typical ‘re-growth’ situations, occurring in late summer (collapse of algal
15
16
17

National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 36.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 32.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 32.
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biomass), with numbers from 5000 to 14,000 CFU/100 mL, and in an area
remote from any stormwater discharge (source of possible contamination) 18.
The monitoring of possible sources of faecal contamination is discussed in
Chapter 6.
5.3.2. Excessive algal growth
Algae are aquatic plants. In lakes they are a natural component of healthy aquatic
ecosystems, and in Lake Burley Griffin they function as the base of the food web.
While algae perform an important role within aquatic ecosystems, excessive
concentrations can become problematic. Rapid increases produce ‘blooms’ — algal
masses that are unsightly, may cause unpleasant smells and can produce toxins —
which can make waters unsuitable for recreational uses including swimming,
boating, and even passive recreation such as sightseeing. The toxic effects of blooms
create the most concern.
There is considerable variation across different species of freshwater algae, in both
their growth habits and their impacts on water quality. Three main types of algae,
the cyanobacteria (blue-green algae), Chlorophyta (green algae) and
Baccillariophyta (diatoms), regularly occur in the Lake. The major threat to
recreational use of the Lake is from cyanobacteria, which can produce toxins under
bloom conditions, causing lake closures. The most frequently occurring species of
toxic cyanobacteria in south-eastern Australia are Microcystis aeruginosa and
Anabaena circinalis, both of which occur in the Lake.
The standard indicators for measuring algal growth in lakes are:
• concentration of chlorophyll ‘a’ (in micrograms per litre), a measure of total
algal biomass which does not differentiate between the various species of
algae;
• algal composition — proportions of algae of different divisions and families,
based on cell counts or biovolume for each category;
• cyanobacteria algal cell numbers (cells per millilitre), which directly
measures the concentration of blue-green algae in lake water samples;
• scum formation (indicating high concentrations of algae), which is
monitored through visual inspection; and
• toxin concentrations in water samples, measured to detect blue-green algal
toxins.
There are hundreds of toxins produced by different blue-green algae varieties, and
the non-detection of one group of toxins does not indicate that other toxins are not
present. In some cases, toxin production within the same species can vary from
week to week, limiting the usefulness of routine testing for the presence and level of
toxins in a water body. As will be discussed in Chapter 6, this reinforces the

18

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 32.
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effectiveness of the existing approach taken by the ACT’s Chief Health Officer 19
(and most other jurisdictions) for assessing the risk from blue-green algae 20.
Assessment of long-term data for algal growth in the Lake indicates:
• a seasonal pattern of changing algal composition; first, diatoms during the
high inflow and mixing conditions of early spring, followed by green algae
in late spring and early summer, and then the blue-green and dino-flagellate
(motile forms) of algae under the calm, poorly mixed, low phosphorusconcentration conditions of mid-summer to autumn; and
• a long-term shift from the green algae (Chlorophyta) and dino-flagellates,
which are harmless, to a greater dominance by the toxic blue-green algae
(cyanobacteria), over the period 1999 to 2009 21.
Stressors particularly contributing to algal growth in the Lake are phosphorus (a
key nutrient) and organic matter. Decomposition of dead organic matter uses up
oxygen, which can lead to low concentrations of dissolved oxygen in bottom waters,
and release of phosphorus from lakebed sediments. The sources and biochemical
roles of these stressors and their interaction with in-Lake processes are discussed
below.
Historically, high concentrations of phosphorus in the treated effluent coming down
the Molonglo River from the Queanbeyan City Council Sewage Treatment Plant
(QCCSTP) have contributed to algal blooms in the Lake. Phosphorus outputs were
reduced by 95 per cent in the mid-1980s through upgrades to the treatment plant.
The Water Quality Assessment found that in the more recent past other sources of
stressors have become more dominant than the QCCSTP. After 1985, there were
significant algal blooms in West Lake and Yarramundi Reach following moderate to
large stormwater discharges during periods of low inflows from rural catchments.
From 2007 to 2010, important causes of algal growth in the Lake were urban
stormwater discharges rich in organic matter, and the related release of phosphorus
from Lake sediments. Predominantly low inflows and poor mixing of the Lake
waters, associated with drought conditions, also enhanced the growth of blue-green
algae over this period 22.
The main drivers for the algal growth are now discussed in more detail.
5.3.2.1. Algal growth driven by mobilisation of phosphorus in sediments
Phosphorus is usually the critical nutrient involved in limiting algal biomass
growth, and it is the primary focus in managing eutrophication of lakes 23.

19
20
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22
23

Letter from ACT Health to OCSE, 16 January 2011, page 1.
Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 9.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 87.
Emails from I Lawrence to OCSE, 7 Dec 2011 & 9 Dec 2011.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 25.
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Phosphorus is present in large amounts in the bottom sediments of Lake Burley
Griffin for historical reasons, and further phosphorus inputs arrive in water inflows
from the catchment. It is important to note, however, that these new inputs of
phosphorus are often adsorbed and bound onto the surfaces of fine silt and clay
particulates. They are therefore not immediately available for algal growth, and
settle into the Lake sediments.
The Water Quality Assessment found that in recent years algal growth has been
driven by phosphorus mobilised from Lake sediments, rather than newly arriving
phosphorus inputs. That is, in the terminology of the Water Quality Assessment,
algal growth occurs in the Lake via an indirect process rather than a direct process.
Phosphorus bound to particles in the Lake sediments is released though biochemical
reactions of a class called ‘reduction reactions’. These occur in Lake Burley Griffin
when the decomposition of organic material by oxygen-using (aerobic) bacteria
depletes all available oxygen. Decomposition of the organic matter then continues
through bacteria that live and grow without oxygen (anaerobic) by using reduction
reactions. In these conditions the reduction reaction “results in the release of chemically
bound phosphorus [in sediments] back into the water column, with the potential to promote
algal growth in the Lake 24.”
Because of this process, even if all phosphorus was prevented from entering the
Lake from the present day onwards, the phosphorus stored in sediments could
continue to fuel algal growth for the next 20 years, unless steps are taken to prevent
the conditions which cause its release from sediments 25. (However, the Investigation
considers that phosphorus inflows should still be reduced, with the aim of
mitigating future long-term storage, beyond 2040.)
As well as boosting algal growth in general, the release of phosphorus from the
Lake sediments into the bottom water of the Lake, rather than the middle and
surface waters, also favours blue-green algae over the more benign green algae. This
is because the dominant blue-green alga (Microcystis) has a gas buoyancy vacuole
that keeps it floating close to the water surface during the day (necessary for
photosynthesis), and lets it sink to the phosphorus-rich bottom water under the
calmer conditions in Lake waters overnight. In the phosphorus-rich waters, the
blue-green algae are able to absorb the nutrients they need overnight, and float up
to the surface to photosynthesise during the day. The green algae, on the other
hand, depend on the physical currents within the Lake to move them vertically
between light and nutrients. Under the calm, low-wind, mid-summer to autumn
period, there are insufficient vertical currents (‘mixing’) in the Lake waters to
sustain the cycling of the green algae. Blue-green algae have a clear competitive
advantage over benign green algae under these conditions.
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 20.
Lawrence I. et al., 2000, Physical and nutrient factors controlling algal succession and biomass in Burrinjuck
Reservoir. Technical Report, CRC for Freshwater Ecology.
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5.3.2.2. Algal growth driven by low concentrations of dissolved oxygen
Oxygen in lake waters comes from gas exchange with the atmosphere (generally
when wind disturbs the water surface) and from photosynthesis by aquatic plants.
Dissolved oxygen is vital for animal life in a lake, as well as for organisms that
decompose organic matter. Low concentrations of dissolved oxygen are important
in the processes leading to blue-green algal blooms.
The Water Quality Assessment found there has been a decline of 35 per cent in the
mean dissolved oxygen concentrations of bottom water in Lake Burley Griffin
during 1978–2010, to a median value of 40 per cent of dissolved oxygen saturation
— a concentration that causes stress to bottom-dwelling respiring organisms 26.
Decomposition of organic matter in the Lake by aerobic bacteria is the key process
leading to low concentrations of dissolved oxygen in bottom waters 27. As noted
above (Section 5.3.2.1), when the available dissolved oxygen has been consumed,
subsequent decomposition by anaerobic bacteria can lead to the release of
phosphorus. Under low oxygen conditions, the production of ammonia (a
compound of hydrogen and nitrogen) can also be enhanced within the Lake 28. The
availability of phosphorus boosts algal growth in general, and ammonia favours the
growth of blue-green algae in particular, thus increasing the likelihood of bluegreen algal blooms 29.
The loading of organic-matter on a waterbody is measured as biochemical oxygen
demand (BOD), which is:
the amount of dissolved oxygen needed by aerobic biological organisms in a body of
water to break down organic material present in a given water sample at certain
temperature over a specific time period. This is not a precise quantitative test,
although it is widely used as an indication of the organic quality of water 30.
High organic-matter loading is a common feature of shallow lakes 31 like Lake
Burley Griffin, and can be a major threat to a lake’s ecological and recreational
values. This is the case for the Lake, with organic matter in stormwaters from the
Lake’s catchments, and its effects on dissolved oxygen in the Lake water, and
related releases of phosphorus, posing a major threat to Lake water quality and
ecology, into the future 32.
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 40.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 28.
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 28.
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The Water Quality Assessment, page 28, explains the details of this process.
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http://en.wikipedia.org/wiki/Biochemical_oxygen_demand, citing Sawyer et al., 2003, Chemistry for
Environmental Engineering and Science (5th ed.). New York: McGraw-Hill.
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Melbourne Water, 2005, Constructed Shallow Lake Systems: Design Guidelines for Developers, page 6.
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5.3.3. Loss of macrophytes
In the last 30 years, significant ecosystem change has occurred in the Lake 33. This
has included the loss of most of the submerged and emergent macrophytes (large
water plants) across much of the East Basin area and in a large area between
Springbank Island and the Acton shoreline. It is likely that the plants died because
there was too little light underwater for their photosynthesis, and that situation
probably resulted from other plants including algae growing on and covering the
leaf material of the macrophytes, and from the high concentrations of suspended
solids in the water 34.
Beds of macrophytes, such as reeds and rushes and ribbonweed, add oxygen to lake
waters and provide habitat for aquatic species, and the loss of these functions is a
matter for concern. The oxygen that macrophytes produce and take in through their
leaf material, above or just below the water surface, is transferred down to their root
(rhizome) zones. Consequently, macrophytes are able to maintain oxygen in the
sediments, even if poor mixing in the water column is limiting oxygen moving
down to the lakebed through the water itself. Macrophytes at inlets from drains and
creeks can trap organic material at these entry points to the Lake as well as in the
depositional zones (where material drops onto the Lake bed). By trapping the
organic matter, the macrophytes can restrict the amounts that wash through to
deeper open waters, thereby helping prevent the release of phosphorus from those
large areas of the Lake. Also, despite the large organic-matter loading at the
macrophyte beds, phosphorus is less likely to be released from the sediment there
because there is enough oxygen to satisfy the BOD of organic matter breakdown.
The possibilities for improving Lake water quality using beds of macrophytes are
discussed in Chapter 7.
5.3.4. Other potential problems for lake water quality
5.3.4.1. Nitrogen
Nitrogen is an essential element in the growth of plants, including algae. In Lake
Burley Griffin at present, the concentrations of nitrogen do not limit algal growth.
When nitrogen is in the form of dissolved ammonia it is a potential concern, because
ammonia stimulates growth of the blue-green alga Microcystis, and is also toxic to
some aquatic organisms.
However, nitrogen in the form of nitrate (a compound of oxygen and nitrogen) can
help mitigate the low oxygen conditions that lead to the release of phosphorus from
the lakebed and subsequent promotion of algal growth. As noted in the Water
Quality Assessment:
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 36.
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Page 52

Report on the state of the watercourses and catchments for Lake Burley Griffin

Nitrate acts as a significant oxidant in respect to the decomposition of organic
matter. NO3- [nitrate] is reduced to NO2- [nitrite] and subsequently to NH4+
(ammonification). Some NH4+ [ammonium] will then react with NO2- to produce
N2(g) [nitrogen gas] (de-nitrification), diminishing the mass of NH4+
[ammonium] in the bottom water 35.
As also noted by the Water Quality Assessment,
Reducing organic matter loading on the Lake (enabling maintenance of well
oxygenated waters), together with high nitrate levels, is the greatest defence against
generation of ammonia 36.
5.3.4.2. Impacts of particulates
Large amounts of suspended solids entering the Lake and settling to the lakebed
can potentially smother bottom-dwelling organisms and plants, as outlined in
Chapter 3. When there are few plants in the Lake to bind the sediments, water
movement can stir up and resuspend sediment particles, which adds to the
smothering effect when they settle again 37. This highlights the importance both of
managing the Lake catchments to minimise inputs of suspended solids to the Lake,
and of maintaining healthy growth of rooted macrophytes in the Lake.
5.3.4.3. Changes in acidity or alkalinity of Lake water
Large changes in the acidity or alkalinity of lake water can affect the chemical
reactions that underlie biological processes. The Water Quality Assessment noted
the Lake’s pH values — that is, the balance between acidity and alkalinity — were
well within the guideline range 38, and have remained within that range over 28
years of monitoring 39.
5.3.4.4. Impacts of heavy metals
Heavy metals can be toxic to biota. The Water Quality Assessment found that in
Lake Burley Griffin most heavy metal concentrations are within the range
recommended for lake sediments by the ANZECC Guidelines, with the exception of
zinc and lead. Although zinc is toxic to many aquatic organisms at relatively low
concentrations 40, and lead is highly toxic to freshwater organisms and also to
humans if the water is used as drinking water 41, in Lake Burley Griffin there is little
potential for these heavy metals to be mobilised and taken up by organisms 42. This
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 13.
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 28.
39
National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 25.
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is because of reactions associated with the high concentrations of iron in the Lake
sediments.

5.4. Role of the catchments in Lake water quality and ecology
The water quality and ecology of a lake naturally reflect the inflows of water and
entrained nutrients and organic matter from its catchments. Typically, these vary
over time, from low or zero inflows during extended dry periods, to extreme levels
during wet periods or flood events.
The physical and chemical environment and processes in Lake Burley Griffin differ
significantly between wet periods with medium to large inflows, and dry periods
with little inflow 43. This affects which of the stressors — phosphorus, nitrogen and
organic matter and modifiers — are the limiting factors for algal growth.
In this Investigation, a ‘wet year’ is defined as having an annual inflow greater than
1.5 times the Lake volume, or a water residence time of less than eight months; a
‘dry year’ is defined by annual inflow less than 1.5 times Lake volume, or a
hydraulic residence time greater than eight months. A typical ‘wet year’ is 1998; a
typical ‘dry year’ is 2006.
Table 5.3, below, shows the variation between a typical wet year and a typical dry
year in the quantities and composition of nutrients and BOD contributed to the Lake
by its urban and rural catchments, and by the Queanbeyan City Council Sewage
Treatment Plant (QCCSTP).
Table 5.3 Summary of average annual loads of pollutants contributed from the Lake
catchments to Lake Burley Griffin, in tonnes per year and as percentages

Nutrient
Total
nitrogen
(TN) load
Total
phosphorus
(TP) load
Biochemical
Oxygen
Demand
(BOD)
load

43

Climate
category

Rural

Urban

Sewage

Total

%

t/yr

%

t/yr

%

t/yr

%

t/yr

Wet year*

74.4

41

71.1

39

33.8

19

181.4

100

Dry year*

1.0

2

10.3

20

40.3

78

51.6

100

Wet year*

12.5

73

4.5

26

0.2

1

17.2

100

Dry year*

0.3

20

0.8

53

0.4

27

1.5

100

Wet year*

255.4

48

208.4

39

70.1

13

533.9

100

Dry year*

6.7

5

34.8

28

83.7

67

125.2

100

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 19.
Page 54

Report on the state of the watercourses and catchments for Lake Burley Griffin

Nutrient

Climate
category

Biochemical
Oxygen
Demand
(BOD)
load

Calculated
inputs for
typical dry
year after
QCCSTP
modified
during 2009

Suspende
d Solid
(SS) load

Rural

Urban

Sewage

Total

%

t/yr

%

t/yr

%

t/yr

%

t/yr

6.7^

13^

34.8^

70^

8.4^

17^

49.9^

100^

Wet year*

8223.4

87

1271.7

13

7.6

0

9502.7

100

Dry year*

213.7

58

144.2

39

7.6

2

365.4

100

* Typical wet year represented by 1998, typical dry year represented by 2006.
^ Calculated absolute and proportional inputs that could be expected from the catchments if a dry year had
occurred since the QCCSTP was modified during 2009, reducing its output of BOD

As illustrated in Table 5.3, the rural and urban catchments both generate much
higher loads of nutrients and organic material in a ‘wet year’ than in a ‘dry year’. In
wet years, nutrients are adsorbed onto the surfaces of suspended solids and
removed from the water column when the particles settle to the lakebed. In
addition, under the high inflow levels associated with the ‘wet year’ conditions, a
significant proportion of the loads is washed right through the Lake. There is also
significant ‘wash-out’ of any algae in the Lake, limiting the potential algal biomass.
The high energy of the inflows in a wet year results in mixing of the Lake waters,
restoring dissolved oxygen concentrations and oxidising (decomposing) organic
material, which limits the potential for re-mobilisation of phosphorus from the
sediments.
Consequently, it is the dry years, with small loads of suspended solids and poor
surface water mixing conditions that are more conducive to algal growth and
incidence of cyanobacteria blooms. In the ‘dry year’ conditions since 2009, when
processes were modified at QCCSTP, urban stormwater has been the major source
of phosphorus and BOD (Table 5.3).
In the following sections, the issues raised by the Lake’s urban and rural
catchments, the Queanbeyan City Council Sewage Treatment Plant, and inflow
conditions are considered in more detail. Runoff after rain in the catchments, even if
it enters the lake via specific drains and creeks, is considered a ‘non-point source
discharge’; inflow from single sources such as a sewage treatment plant is
considered a ‘point-source discharge’.
5.4.1. Urban catchments
Though they cover just 5.7 per cent of the Lake’s total catchment area, the region’s
urban areas are growing fast and they contribute a disproportionately large share of
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the pollution entering the Lake. The largest urban sub-catchments for Lake Burley
Griffin are those of Sullivans Creek and the Lower Queanbeyan River.
5.4.1.1. Organic matter
As noted in section 5.3.2.2 processing of BOD leads to low-oxygen conditions. The
resulting reduction reactions lead to mobilisation of phosphorus in the sediment,
which fuels algal growth.
An increase in BOD from urban catchments is to be expected, given 35 per cent
growth in the urban area of the catchment from 1978 to 2010, and growth of 34 per
cent in the urban population over the same period 44.
The relative contribution of Lake Burley Griffin’s urban catchment to BOD loading
on the Lake is shown in Table 5.3 above. Since the 2009 modifications of QCCSTP
which reduced its BOD output (row three of BOD data in Table 5.3), the main source
of BOD in a typical dry year would be urban catchment discharges — there would
be little dry-year input from sewage treatment plants or rural catchments. While
sewage would contribute 17 per cent of the total BOD load in a dry year after 2009,
this is small in comparison to the contribution of the urban catchment, at 70 per cent
of total dry-year BOD. This indicates that effective measures to reduce BOD loading
on the Lake, a key contributor to blue-green algae growth, must address urban
discharges.
In a wet year the magnitude of both urban and rural and to BOD loading increases
dramatically, and rural inputs typically exceed urban inputs. Table 5.3 shows that
urban and rural catchments contribute 39 per cent and 48 percent respectively to
total BOD loading in a typical wet year. However, there are important differences in
the dynamics of these flows which mean that urban catchment discharges
(particularly in dry years) are significant for algal growth while rural discharges are
not (particularly in wet years).
Under wet conditions, rural catchment discharges contain a larger amount of
suspended solids relative to organic matter, leading to deposition and burial of
organic matter in sediments. With flows sustained over 5−10 days, there is a
dispersion of inflows through the Lake. By contrast, large inflows from urban
catchments (stormwater flows) have a high organic content per kilogram of
suspended solids and very ‘labile’ organic matter (meaning it decomposes rapidly).
Importantly, high-volume flows from urban catchments often last only 2–6 hours
because the stormwater moves quickly through engineered concrete channels.
Flows quickly lose their pace on entering the lake, leading to the organic matter
dropping to the lakebed in high concentrations in the inlet zones (such as at the
mouth of Sullivans Creek) 45.
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The significance of these differences in flow dynamics is highlighted by the
following quote from the Water Quality Assessment, which also highlights the
increasingly important role to be played by management of urban catchment
(stormwater) discharges to control algal blooms:
For the September 1999 storm event, the BOD load [in Sullivans Creek inflow]
was 230 kg/d, some 40 times the ADWF [Average Dry Weather Flow] discharge
of BOD from the Queanbeyan STWks [Sewage Treatment Works]. The peak
discharge for this storm event (60 ML/d) is a significant flow level (equivalent to the
50 percentile Molonglo River flow) — a demonstration of the significance of urban
stormwater flows in terms of organic material transport and deposition capacity 46.
To some extent the washout of organic material into the Lake is a natural
consequence of Canberra being a ‘garden city’, with large amounts of plant material
and organic soil within our urban areas. Hydrocarbons from oil and petrol residues
on roads are also a source of BOD 47. As Ian Lawrence explains:
Canberra prides itself as ‘the garden City’! The build-up of organic material and
fertility of our garden soil, necessary to sustain green and productive gardens,
inevitably leads to an increase in the annual loss of plant and soil organic biomass,
via drains and streams, to the Lake. And so the Lake is enhanced in respect to
organic material and fertility levels, supporting increases in aquatic plant growth.
Our land use and management is inextricably linked with the quality of our
waterways 48.
There is anecdotal evidence supporting this hypothesis: first, the significant
quantities of organic-rich sediment trapped in the stormwater gross-pollutant traps;
second, the significant biomass of autumn leaves collecting in street gutters and
drains, and ultimately being washed through to the Lake 49.
In view of the continued growth in urban areas within the Lake’s catchment,
organic material loading is identified as the major potential threat to Lake water
quality and ecology into the future 50.
Management of organic waste in urban catchments of Lake Burley Griffin is further
discussed in Chapter 8.
5.4.1.2. Faecal matter
Urban catchments also contribute to faecal contamination. Sources of faecal
contamination in Lake Burley Griffin include:
• urban stormwater runoff;
• faeces of birds and other fauna deposited directly in the Lake; and
46
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49
Lawrence I., 2011, Water Quality Assessment (Appendix A), pages 55.
50
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 8.
47

Page 57

Report on the state of the watercourses and catchments for Lake Burley Griffin

• sewage spills/ overflows.
Faecal contamination guideline values are specified in the 2010 ACT Guidelines for
Recreational Water Quality. The Water Quality Assessment found that, for the period
1999–2010, exceedances of guideline values for faecal contamination of recreational
waters were mainly because of ‘non-point-source discharges’; that is, urban runoff,
leakages, sewerage pipes, wildlife faeces, and re-growth of bacteria already present
in the lake 51. In contrast, during the 1980s before sewerage technology was
upgraded, exceedances of guideline levels for faecal indicators were primarily
point-source-related sewage spills or overflows, as well as some non-point-source
sewer leakage.
Urban runoff can contain faecal contamination both from animal faeces deposited in
the urban catchment and from leakage in the suburban sewer systems under wet
conditions 52. Rainwater infiltration into the sewerage system (wet weather flow)
results in leakage of sewage from the ties into the surrounding sub-soil. Some of this
leaked untreated sewage infiltrates into adjacent stormwater drains, and ultimately
enters the lake 53.
Management of the human health risks from faecal contamination is discussed in
Chapter 6.
5.4.2. Rural catchments
As shown in Table 5.3 above, the Lake’s rural catchments were found to be a major
source of phosphorus, organic matter (BOD) and suspended solids during wet
periods, but only a minor source during dry periods.
Drought conditions affect the quantity of pollutants discharged, so the Water
Quality Assessment compared discharges relative to flow. It found that changes in
discharges of pollutants from the rural catchments over recent decades have been
significant. Comparing two periods that contain a mix of wet and dry years, 1994–
1996 and 2007–2010, for the Molonglo catchment:
•
•
•
•
•

faecal coliforms increased 130 per cent relative to water flow;
BOD increased by 34 per cent relative to flow;
total nitrogen changed little (up 10 per cent) relative to flow;
total phosphorus load was reduced by 13 per cent relative to flow; and
suspended solids were reduced by 46 per cent relative to flow 54.

Nutrient loads for rural land areas (expressed in kilograms per hectare per year) are
at the lower end of published values 55.
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The above figures, together with those in Table 5.3 and the earlier discussion of the
factors contributing to algal blooms, suggest that while the rural catchment is not an
important direct contributor to the frequency of algal blooms, and its inputs of
nutrients are at least not increasing strongly, its potential impacts on the Lake
require continued scrutiny and management. The increased concentration of faecal
coliforms may be a side-effect of growing rural-residential settlement and is not
helpful to Lake water quality in wet times. The high rural contribution to the
loading of phosphorus on the Lake in a typical wet year (73 per cent in a typical wet
year - Table 5.3), reflecting the power of suspended solids to transport this nutrient,
is adding to the store of phosphorus in the Lake sediments; a store of phosphorus
that could be made bioavailable following flushes of organic matter in dry times.
Management of pollutants to the Lake derived from rural catchments is discussed in
Chapter 8.
5.4.3. Sewage treatment plants
The Queanbeyan City Council Sewage Treatment Plant (QCCSTP) discharges
treated effluent to the Molonglo River upstream of Lake Burley Griffin under an
Environmental Authorisation issued by the ACT Environment Protection Authority
(EPA). The Water Quality Assessment found that the release of fully treated sewage
effluent to the Lake has both positive and negative water quality impacts, but that it
is not a significant source of faecal contamination in Lake Burley Griffin 56.
Negative impacts of fully treated sewage effluent are due to the concentrations of
phosphorus and BOD in sewage treatment plant discharges. These can contribute to
blue-green algae, as described above (Section 5.3.2). Positive impacts can also occur
when the sewage treatment plant discharges contain nitrogen in the form of nitrate,
if nitrate from other sources is lacking. The positive impacts of nitrate on lake water
quality were mentioned above (Section 5.3.4.1).
As shown in Table 5.3, the QCCSTP contributes 78 per cent of all nitrogen to Lake
Burley Griffin in a dry year. The Water Quality Assessment notes that the nitrogen
is well oxidised, in the form of nitrate 57. Where phosphorus and organic matter have
accumulated in Lake sediments, nitrate in Lake Burley Griffin has positive effects on
water quality by offsetting the ’reducing’ conditions in bottom waters (see Section
5.3.4.1). Thus, discharge of treated sewage effluent, low in phosphorus and BOD,
and high in nitrate, to Molonglo Reach and the Lake is beneficial in reducing the
potential for blue-green algae outbreaks in the Lake. The treated sewage effluent is a
valuable buffer to the reducing reactions in the chemistry of sediments in the
Molonglo Reach and the Lake and the associated release of sediment-held
phosphorus into the water column 58.
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Similar beneficial effects on lake water quality have been observed elsewhere in the
Canberra region. For example, Lake Burrinjuck receives outflows from the main
ACT sewage treatment plant, the Lower Molonglo Water Quality Control Centre.
When nitrogen was removed from the treated effluent by a ‘denitrification’ process
in 1980 the result was a significant exacerbation of blue-green algal outbreaks in
Lake Burrinjuck. When the denitrification facility was de-commissioned, the result
was a major reduction in algal biomass and a return to Chlorophyta algal
dominance 59.
The QCCSTP makes another important contribution to in-Lake processes by
maintaining inflows to the Lake via the Molonglo River during extended dry
periods. In very low flow conditions the discharge from the QCCSTP is one of the
few sources of inflow into the Lake, since flow in the Queanbeyan and Molonglo
rivers and therefore into the Lake was reduced by the construction of Googong
Dam.
Operations of the sewage treatment plant can be affected by heavy rains or flood
events, and a series of by-passes is designed to protect the sewage process systems
when too much inflow to the plant exceeds its capacity, or when there is a technical
breakdown. The by-pass directs partially treated (‘primary’ or ‘primary +
secondary’) sewage to a series of three maturation ponds where it is mixed with
fully treated sewage. This series of ponds allows particles in the treated water to
settle out and the water to be aerated. The outlet of the final maturation pond
discharges to the Molonglo River. There is the potential for maturation ponds to
discharge high concentrations of cyanobacteria in summer, which may seed the
river and enhance the potential for algal blooms 60. On three recent occasions when
flooding occurred, the Lake was closed because of faecal organisms (as well as
debris in the Lake); indicating further work is required to bring QCCSTP to an
acceptable standard.
Under extreme flood conditions, faecal bacteria can be washed out from the
Queanbeyan maturation pond system; the amount is minor compared to the large
loads of faecal bacteria already in the Molonglo and Queanbeyan rivers during
extreme rainfall or flood conditions.
The Water Quality Assessment noted that there have been a few, infrequent, specific
incidents of partially treated sewage being released into the Molonglo River; these
have been caused by system failures or flood conditions, and in December 2010 by
breakage of a pond wall. Although single event discharges can lead to Lake
closures, in overall loading terms such contributions to total closures are minor 61.
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Nevertheless, an overflow or spill from the plant contaminates the river with human
faecal material, and the flow therefore presents a potential health risk during these
extreme events 62.
While leakage or spills of untreated or partially treated sewage contribute to faecal
contamination in the Lake, the Water Quality Assessment did not find that fullytreated sewerage effluent is a significant source of faecal contamination in Lake
Burley Griffin 63.
Sewage management is discussed in Chapter 8.
5.4.4. Inflow conditions
As mentioned in Chapter 3, the Water Quality Assessment notes the potentially
significant impact on the Lake’s water quality and ecological processes resulting
from diversion of an average of 7per cent (increasing to a maximum of 50 per cent
due to the drought from 2003 to 2010 64) of the Lake’s inflow after the Googong Dam
was constructed on the Queanbeyan River. Water detention time in the Lake is
increased by reduced water inflow to the Lake, increasing the likelihood of bluegreen algal blooms.
Controlled flows to the Lake from Googong Reservoir are discussed in Chapter 8.4.

5.5. Role of Lake stratification and mixing processes in water
quality
In-Lake conditions are affected by the stressors described above (phosphorus,
nitrogen and BOD) and by modifying factors (‘modifiers’) in the Lake itself.
Stratification contributes to low concentrations of dissolved oxygen in bottom
waters, and the subsequent biochemical reduction reactions during decomposition
of organic matter which release bound phosphorus from sediments. The key
modifiers affecting algal blooms are the physical conditions that lead to
stratification (layering of still water), which in some cases may be improved by
mixing of the lake water column (between the water surface and the lakebed).
5.5.1. Stratification
With the onset of summer each year, a lakes’ surface water heats more quickly than
its deeper water. Warmer water rises, being less dense than cooler water, so that
warming of the surface water can lead to a situation of ‘lighter’ surface water
separated from ‘heavier’ deeper water. This separation of relatively still water into
layers is termed ‘stratification’. The interface between the warm surface layer and
the colder bottom layer is termed the ‘thermocline’.
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Oxygen is less soluble in warm water than in cold water and the thermocline also
acts as a barrier to the transfer of dissolved oxygen from surface waters to the
deeper waters. Therefore, in stratified waters, when dissolved oxygen near the
lakebed has been used up by BOD it cannot easily be recharged from the surface
waters. In Lake Burley Griffin, the thermocline generally occurs at a depth range of
4–8 metres, as measured in profiles of change of temperature with depth.
Extensive areas of stratification tend to occur in Lake Burley Griffin during summer
and early autumn, across Tarcoola Reach and Yarramundi Reach 65.
During early autumn, the surface water layer in the Lake typically cools and
eventually the temperatures of the surface and bottom water layers equalise,
allowing full mixing of the two layers.
When mixing occurs, it disperses the nutrient-rich bottom waters and lets them
spread throughout the lake. This may be a reason for late algal blooms that
sometimes occur in autumn, depending on temperature and light (turbidity)
conditions.
5.5.2. Mixing
The dissolved oxygen status of the Lake’s bottom water also is affected by how
much the lake waters are physically mixed by winds and currents. As the Water
Quality Assessment explains:
Except during periods of high inflow, the mixing of lake waters is primarily based on
wind shear across the surface of the lakes. The surface turbulence created by the
wind, enables the transfer of gases (O2, N2, CO2) through the Lake water surface
film. The wind also creates turbulence within the surface waters. This mixing energy
(or diffusion) is dissipated with depth. Hence, the ability of lakes to transfer gases
and nutrients, is dependent on wind. Over Canberra’s late spring to autumn
periods, wind is typically light, with typical velocities of less than 7 km/hr. As a
result, mixing conditions in the Lake are severely limited, limiting the Lake’s ability
to transfer oxygen to low oxygen bottom waters, making the sediments much more
vulnerable to reducing conditions 66.
Seasonal patterns of stratification and mixing create seasonal patterns in algal
growth. During spring and into early summer, green algae typically dominate Lake
waters. In mid-summer and early autumn, blue-green algae tend to dominate
because, unlike green algae, they do not depend on mixing of the water column and
can flourish in stratified waters (see Section 5. 3.2.1). As a result, the growth rate of
green algae falls behind that of blue-green algae. This is a consequence of natural
seasonal patterns in wind strength and solar radiation preventing natural mixing.
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Artificial ‘mixer’ devices may be important as an in-Lake management tool. They
are discussed in Chapter 7, with other options for improving management of the
Lake and its catchments.

5.6. Water quality assessment conclusions
In summary, water quality in the Lake is normally satisfactory for the designated
uses for its water. There is a strong seasonal pattern of algal succession evident in
the Lake — a healthy reflection of the ability of the Lake’s ecology to adapt to
changing seasonal conditions. It appears that the shift in algal composition to
cyanobacteria dominance experienced during ‘dry’ periods, is a reflection of the
physical and nutrient conditions associated with ‘dry’ periods, disadvantaging
growth of the Chlorophyta algae, and promoting the growth of cyanobacteria
algae 67. Notwithstanding this, the Lake has demonstrated resilience in adapting to
an extreme range of climatic conditions. Unfortunately, some of the Lake’s
responses to changing conditions have resulted in symptoms (algal blooms, scums,
and toxins). These symptoms conflict with the community’s expectations for
recreation and aesthetic uses of the Lake 68, constituting instances of poor water
quality.
In relation to occurrences of poor water quality, the Investigation also found that:
• the main threats to Lake Burley Griffin’s recreational values are high
concentrations of blue-green algae and faecal contamination;
• major threats to Lake ecological values are the loss of submerged and
emergent water plants, and the low concentrations of dissolved oxygen;
• the release of phosphorus from sediments when dissolved oxygen
concentrations are low, and poor mixing of the water column, are the
primary factors driving the blooms of blue-green algae, particularly during
dry periods;
• organic matter loading in urban stormwater is identified as the major
potential threat to Lake water quality and ecology 69; the BOD created by
decomposition of this organic matter is the primary factor driving low
concentrations of dissolved oxygen;
• while stressors and in-Lake modifiers, as described in this chapter, have been
features of Lake and catchment processes for several decades, increasing
urbanisation of the catchment is indirectly contributing more organic
material to the Lake;
• the main sources of faecal pollution are: urban runoff; non-specific leakage
from sewerage connections; wildlife faeces, and re-growth of bacteria
already present in the lake; but QCCSTP is not a significant source of faecal
67
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pollution in the Lake except when infrastructure failures or overflows occur
in rainfall periods; and
• the potential threat from nutrients in treated sewage discharges from
QCCSTP is ameliorated by its low phosphorus and high nitrate
concentrations.
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6.

Lake closure protocols

The Terms of Reference for this Investigation require consideration of the
appropriateness of the current protocols for closures of Lake Burley Griffin and
other ACT Lakes. The importance of this aspect of the Investigation can be seen
in the responses from within the community. The impacts of closures, the
rationale and use of water quality indicators in the decision-making process, and
the management of risk, all featured strongly in discussions.
This chapter discusses:
•
•
•
•
•

the impact of closures of Lake Burley Griffin on users;
current closure processes;
the basis of decisions to close Lake Burley Griffin and other ACT lakes;
communication of lake closures; and
recommendation(s) for the future in relation to closure protocols and
processes.

6.1. Impact of Lake Burley Griffin closure protocols on Lake
users
The Lake, or parts of the Lake, may be closed to mitigate risks to the health of
Lake users; the impact of these closures were described in Chapters 2 and 3.
Improvements in Lake water quality should reduce the impacts on Lake users, by
requiring fewer Lake closures and part-closures.
The introduction of the ACT Guidelines for Recreational Water Quality (‘the 2010
Guidelines’) has already considerably reduced the potential for Lake closures
compared to earlier guidelines. The 2010 Guidelines let Lake users, particularly
those involved with secondary contact activities, decide for themselves if they
want to risk the consequences of exposure to contaminated Lake water; media
releases from relevant authorities publicise the degree of contamination, as
directed by Section 4.3 of the Guidelines. However, there are still differences of
opinion between Lake users and government authorities about the assessment
and interpretation of water quality and the level of risk. Management of this risk
is covered in greater detail in Section 6.4.1.
The following discussion refers to submissions received regarding Lake Burley
Griffin closures. However, most of the issues raised in the submissions would
apply to other lakes in the ACT, when used for recreational purposes.
Submissions to this Investigation from several sporting organisations which use
Lake Burley Griffin expressed frustration with Lake closure protocols and
procedures.
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For example, the AIS describes the following Lake closure which occurred in
accordance with the direction of the 1999 Blue-Green Algae Action Plan:
During an algal bloom on Lake Burley Griffin in 2009 the NCA, on the advice of
ACT Health, partially closed the lake to all recreational activities, including
rowing, for several extended periods from February to May, and then fully for 6
weeks through May and June. As a consequence the NRCE relocated its activities
to Penrith, NSW for 5 weeks so that athletes could continue their training for the
2009 world championships. The relocation cost the AIS an additional $105,000.
It also impacted on the welfare of staff, who were away from their families during
that time, and athletes, who missed university classes or had to take leave from
their employment... 1
Several submissions and responses at the Lake Users’ Forum 2 reveal that some
sporting clubs perceive the level of risk from blue-green algae to secondary
contact lake users to be low, and are prepared to be responsible for managing
that risk.
For example, the AIS stated that:
Based on the evidence provided to it the AIS believes that high levels of blue-green
algae provide little health risk to experienced rowers 3.
Rowing ACT stated that:
From our sport’s perspective we would like to be responsible for risk management
associated with lake quality, including it along with other risks that we currently
manage including cold water, poor visibility, dehydration, sunburn and lake
traffic accidents 4.
Submissions from secondary contact users show that they are generally satisfied
with the current protocols as they apply to secondary contact recreation. For
example, the AIS states that:
Prior to 2010 lake closure protocols due to high levels of blue-green algae were
often detrimental to the performance of the centre, and at times even threatened
the centre’s viability. However changes to ACT Health policy in December 2009
[i.e. the 2010 ACT Guidelines] enabled the centre’s operations to continue as
normal even during periods of high blue-green algae concentrations.
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The AIS ... recommends that the ACT Government and the NCA continue to
permit rowing on ACT waterways during periods of increased levels of bluegreen algae provided that appropriate preventative strategies are in place 5.
The Canberra Yacht Club states that:
The CYC is very happy with the framework the NCA has in place for managing
lake closures in instances of poor water quality. We are readily able to comply
with those arrangements and they are a central element of the top priority we
place on the health and safety of our sailing community 6.
Other groups disagree with the current protocol classifications, and argue that
some users, for example elite waterskiers, should not be placed in the ‘primary’
category. For example Waterski ACT states that:
The closure protocols define waterskiing as a primary contact activity, along with
swimming etc. Our contention is that the primary focus of a competitive skier,
compared to a recreational skier, is to stay on top of the water with minimal body
submersion, particularly of the head. While not completely removed from the
water, this activity trends toward the objectives of canoeing, kayaking and
rowing where accidental immersion and splashing can still occur. These sports
are designated secondary contact activities and can continue during water
closures, provided guidelines in relation to advice, wash down facilities etc., are
adhered to 7.

6.2. Lake closure and reopening processes
Lake closures in the ACT can be implemented in response to various threats to
human health, including flood waters and subsequent excessive debris hazards,
high concentrations of potentially toxic algae and/or microbial pathogens (such
as bacteria), and accidental discharge of chemicals or other pollutants. ACT lakes,
including Lake Burley Griffin, may also be closed for other reasons, such as to
enable maintenance work to be carried out or at the request of the ACT or
Federal Police. The procedure for lake closure is set out in Sections 6.2.1 (for Lake
Burley Griffin) and 6.2.2 (for other ACT lakes).
6.2.1. Lake Burley Griffin (National Capital Authority)
Lake Burley Griffin, or parts of the Lake, may be closed to mitigate risks to the
health of Lake users. Under the Lakes Ordinance 1976, Lake Burley Griffin is
closed by the Minister responsible for the National Capital Authority (NCA); in
practice, this function is delegated to the NCA’s Director of Estate Management.
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Specific responses to diverse pollution events are broadly similar. The specific
responses to unacceptable water quality at designated recreational sites, elevated
concentrations of bacteria, and algal blooms, are most pertinent to this
Investigation (Table 6.1).
Table 6.1: NCA response to three types of polluting event (Abridged from the Lake Burley
Griffin Water Quality Management Plan 2011 8)

Monitoring

Unacceptable water
quality at recreational
sites

Elevated bacterial levels

Algal blooms

Monitor events that can
change water quality
characteristics

Monitor events that can
change water quality
characteristics

Carry out routine visual
inspection for algal scums at
recreational sites* and other
parts of the Lake in general,
and carry out routine testing
as required

Carry out routine and
additional tests in
accordance with
approved water quality
monitoring programs

Carry out routine and
additional tests in
accordance with approved
water quality monitoring
programs

Respond to public reporting
in relation to algal
conditions, and undertake
necessary visual inspection
and testing of the reported
sites

Identify unusual trends
from routine testing
Management

8

Analyse and report
water quality results

Analyse and report water
quality results

Manage routine visual
inspection and reporting

Ensure the
communication of the
most recent water
quality information

Ensure the communication
of the most recent water
quality information

Monitor events (drought,
low-flow conditions, storm
events, etc.) and identify
unusual trends from routine
testing (e.g. changes in
temperature, flow,
chlorophyll ‘a’, nutrients,
etc.) that can support the
growth of algal blooms

Update regularly the
water quality condition
on website

Consult with regulatory
agencies, in particular ACT
Health Protection Service

Consult with regulatory
agencies, in particular ACT
Health Protection Service

Update regularly the water
quality condition on
website

In the event of reported algal
blooms, carry out actions in
accordance with ACT
Government (2010) ACT
Guidelines for Recreational
Water Quality, which will
include: additional testing;

National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 59.
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Unacceptable water
quality at recreational
sites

Elevated bacterial levels

Algal blooms

issue of prohibition/warning
notice as appropriate; erect
signage; monitor the test
results; and reopen the
affected sites after
compliance with the
guidelines
In the event of non
compliance with the
guidelines:

In the event of non
compliance with the
guidelines:

instigate remedial
action;

conduct sanitary surveys
and check for any sources
of faecal pollution;

conduct sanitary
surveys and check for
any sources of faecal
pollution;

carry out additional
sampling and assess the
extent of affected areas;

carry out additional
sampling and assess the
extent of affected areas;

issue prohibition/warning
notice as appropriate;

issue
prohibition/warning
notice as appropriate;

monitor the sampling
results;

erect signage;
monitor the sampling
results;

Advise and/or complete the
remedial work to minimise
availability of nutrients and
conditions supporting bluegreen algal growth where
feasible
Ensure information on the
algal condition is made
available to users

erect signage;

reopen affected sites after
compliance with the
guidelines

reopen affected sites
after compliance with
the guidelines
Ensure ongoing
refinement of, and
compliance with, the
Water Quality
Management Plan

Ensure ongoing refinement
of, and compliance with,
the Water Quality
Management Plan

Ensure ongoing refinement
of, and compliance with, the
Water Quality Management
Plan

* Designated sites for recreation are summarised in Table 6.2. See Table 2.2 (Chapter 2) for the range of
designated uses of the Lake’s various zones.

Table 6.2: Designated recreational sites for primary and secondary contact 9
Type of activity

Area

Primary contact*

West Basin — Ferry Terminal
West Lake — Yarralumla Beach
Tarcoola Reach — Black Mountain Beach

9

National Capital Authority, 2011, Lake Burley Griffin: Water Quality Management Plan, page 68.
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Type of activity

Area
Tarcoola Reach — Weston Park East
Yarramundi Reach — Weston Park West

Secondary contact

East Basin — Grevillea Park
West Lake — Lotus Bay
Central Basin — Rond Terrace

*Figure 2.1 shows the locations of the swimming areas.

Decisions to issue warnings or close the Lake are based on a sampling test result,
or on a series of test results taken over a period of time. The response is
proportionate to the level of risk indicated by the sample analysis. Management
actions are based on the 2010 Guidelines and advice from the ACT Chief Health
Officer (through the Health Protection Service).
The following procedure is used.
1. Results of sampling are delivered to the NCA and the ACT Health
Protection Service by Thursday 10:00 am each week. (Should additional
sampling be required, for example to take a repeat sample as soon as
possible when assessing bacteria concentrations, other sampling
arrangements are implemented to minimise the closure period.)
2. The Health Protection Service provides advice on blue-green algae and
bacteria concentrations to the NCA, with respect to Lake Burley Griffin.
3. The NCA makes a decision, based on reference to the 2010 Guidelines
and, as appropriate, advice from the Health Protection Service, whether
or not to close affected recreation sites or the Lake, under Sections 15
and/or 21 of the Lakes Ordinance 1976.
4. Section 15 of the Lakes Ordinance 1976 provides for the Minister
responsible for the NCA to specify by signage a Lake area where
embarkation to and disembarkation from boats, or swimming and
bathing, are not permitted, and convey information or warning to persons
using the Lake area. Section 21 provides for the Minister to prohibit entry
to a Lake area, declare an area of the Lake to be a prohibited area, and
define a boundary to a prohibited area. The Minister must not make these
prohibitions unless the condition of the waters is such as to constitute a
threat to a person using the water, or is necessary for other specified
reasons such as response to an emergency, to enable police operations or
otherwise in the public interest 10.

10

National Capital Authority, n.d., Lakes Ordinance 1976,
http://www.nationalcapital.gov.au/index.php?option=com_content&view=article&id=1540&Itemid=495.
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When the Lake is reopened, the public is informed through media outlets,
signage and via the Internet.
In the case of danger from flooding, the need for Lake closures is self-evident,
particularly where the amount of debris carried by floodwaters through the Lake
poses a risk to Lake users. It is not so easy to determine how long the Lake
should remain closed after the flooding event. Floating debris may have
dispersed or been removed, but submerged hazards can develop in areas that
were previously clear. (The waterskiing area in the Molonglo Reach, which is
under the control of the ACT rather than the NCA, is an area where the risk
posed by debris is critical to the safety of users.)
In these situations there are no clear guidelines for closure or reopening of a
number of water bodies within the ACT; however, a risk assessment for the
Molonglo Reach Water Ski area has been prepared to manage navigational
hazards and provide the lake Managers with guidance on what action is
required. For other water bodies, the management actions are a direct response
to the level of risk posed by flood debris. For this type of hazard, the decision to
open or close the Lake is subject to judgement by Lake managers, and
information provided to this investigation has not identified problems with the
current closure arrangements.
At all times, it is essential that there is strong public communication about
closing and reopening the Lake. Regular public communication from Lake
managers during the time the Lake is closed, including the reasons for the
closure, is also essential to keep Lake users engaged and responsive to the risks.
The communication of Lake closures is discussed in Section 6.5 below.
6.2.2. Lake Tuggeranong, Lake Ginninderra, other urban lakes and
ponds, Molonglo Reach (ACT Government)
The ACT has a plan of management for the urban lakes and ponds 11 and
identifies lakes that have designated primary and secondary contact uses. These
lakes are set out in Table 6.3 below.
Table 6.3: Designated primary and secondary contact water bodies 12 (Canberra Urban
Lakes & Ponds Plan of Management 2001)
Type of activity

Urban lake or pond

Primary contact

Point Hut Pond (windsurfing)
Lake Tuggeranong (swimming, windsurfing)
Lake Ginninderra (swimming, windsurfing)
Gungahlin Pond (windsurfing)

11
12

TAMS, 2001, Canberra’s Urban Lakes and Ponds Plan of Management.
TAMS, 2001, Canberra’s Urban Lakes and Ponds Plan of Management.
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Type of activity

Urban lake or pond
Yerrabi Pond (windsurfing)
Molonglo Reach (waterskiing)

Secondary contact —
Recreational boating (nonpowered)

Point Hut Pond
Upper Stranger Pond
Lower Stranger Pond
Isabella Pond
Tuggeranong Weir
Lake Ginninderra**
Gungahlin Pond
Yerrabi Pond
Molonglo Reach

** During 2012, waterskiing is temporarily permitted, as a trial, in Lake Ginninderra in designated zones.

The closure of ACT lakes or parts of lakes managed by the ACT Government is
done in a manner consistent with the 2010 Guidelines 13. The management
response is split between the Territory and Municipal Services Directorate
(TAMSD) and the Environment and Sustainable Development Directorate
(ESDD).
The ACT Health Protection Service conducts bacterial monitoring of water
samples during September to April each year, on behalf of the ACT Government
section called Parks and City Services. Monitoring is conducted at recreational
swimming sites at Lake Tuggeranong, Lake Ginninderra and the Molonglo,
Cotter, and Murrumbidgee rivers. Throughout the year the ACT Environment
Protection Authority conducts analysis of the water quality for blue-green algae
at various sites in the ACT 14.
TAMSD, with advice from the Health Protection Service, monitors and responds
to high levels of faecal contamination in designated swimming areas during high
use periods between spring and autumn. Where high bacterial concentrations are
found in swimming area(s) of the lakes, the area is closed using the protocol set
out in the 2010 Guidelines. This protocol includes taking a second sample if
necessary prior to closing the area to primary contact. It also includes alert
signage and a media release alerting the public to the closure. The closure is
given effect by a declaration under the Lakes Act 1976 and is made on behalf of
the Minister by the ‘Delegate for Lakes’.

13
14

ACT Health, 2010, ACT Guidelines for Recreational Water Quality.
TAMSD, n.d., Water Quality in our Lakes Ponds and Rivers,
www.tams.act.gov.au/play/pcl/parks_reserves_and_open_places/water_catchments/water_quality_in_our_lak
es_and_ponds
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Water from the affected areas is sampled and analysed weekly, and the lake or
part of the lake or river is reopened to use when the bacteria concentrations are
below the threshold for closure. The reopening is publicised via a media release.
ESDD, with advice from the Health Protection Service, monitors and responds to
high levels of blue-green algae. Visual inspections are conducted at Point Hut
Pond, Lake Tuggeranong, Lake Ginninderra, Gungahlin Pond, Yerrabi Pond and
Molonglo Reach every Tuesday. The monitoring for blue-green algae occurs
year-round, focusing on Microcystis and Anabaena in the warmer periods and
Tychonema species in the cooler months.
Similar to the Lake Burley Griffin protocol, sampling and testing is carried out
when visual inspections identify algae in the water column. Closures or part
closures for primary contact activities follow the procedures set out in the 2010
Guidelines, including changing alert-level signs, issuing a media release and
communicating directly with major lake users. As with the closures for high
bacteria concentrations, a closure notice is made by the Delegate, under part 21 of
the Lakes Act 1976 15.
For secondary contact, the Guidelines allow for lake users to manage their own
risks. Some advice on risk mitigation is provided through media messages, as set
out in the 2010 Guidelines.
The public is notified about lake reopening via media release and updates to
water quality information on the TAMSD web site. The communication of lake
closures and re-openings in the ACT is discussed in Section 6.5 below.

6.3. Water quality testing and closure protocols
As explained in earlier chapters, the most critical factors leading to lake closures
are faecal coliform concentrations and the presence of large concentrations of
blue-green algae. The following sections present information about these factors
and considerations of their role and appropriateness in lake closures.
6.3.1. Faecal contamination testing and issues
The approach of the ACT Guidelines for Recreational Water Quality in cases of
contamination by faecal matter is based on recommendations of the National
Health and Medical Research Council (NHMRC) and the World Health
Organization. Issues raised during this Investigation that are relevant to faecal
contamination testing, analysis and response include:
• data may be statistically confounded by the presence of animal faeces and
by regrowth of faecal bacteria in embayment sediments;

15

ACT Government, 2011, Lakes Act 1976.
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• the importance of ‘sanitary surveys’ being carried out in the event of
elevated concentrations of the indicator;
• sources of faecal contamination entering the urban stormwater systems;
and
• the composition of faecal contamination in the embayments.
These issues are discussed below.
For management of faecal contamination the 2010 Guidelines use concentrations
of intestinal Enterococci species (in colony-forming units per 100 millilitres) as the
indicator of levels of contamination that may pose a risk to human health. The
guideline value of 200 colony-forming units per 100 millilitres of water, above
which a site may be closed, was adopted based on the NHMRC Guidelines for
Managing Risk in Recreational Water (2008). The Health Standards paper prepared
for this Investigation by Ian Falconer and the ACT Department of Health
(Appendix C) notes that “above this number gastrointestinal illness risk was between
5−10% for a single exposure and acute febrile respiratory illness risk was between
1.9−3.9% 16.”
While the NHMRC Guidelines recommend the adoption of Enterococci bacteria as
the indicator in place of faecal coliforms, because they are less prone to regrowth
once in the environment (and therefore are a more reliable indicator of faecal
contamination incidents), the Guidelines are silent on the issue of the potential
for health risks associated with bacteria generated by regrowth.
The World Health Organization acknowledges that viruses and parasites are
unable to reproduce without a warm-blooded host. This means that they are not
viable in regrowth situations. However, it is noted that there are a few
(opportunistic) pathogens that have been observed to grow under regrowth
conditions. Typically, in lakes and rivers, these organisms grow on or in the
sediment or biofilm (organic material and biota attached to submerged objects).
Testing indicates that the strains of regrowth pathogens are different from the
strains of pathogens implicated in gastrointestinal diseases 17.
Research undertaken by Dr David Gordon, for the NCA in 2007, on regrowthrelated faecal coliform bacteria in Lake Burley Griffin, similarly indicated that the
regrowth coliform was of a different strain from that present in sewage.
Although the inference is that the risk to health in situations of regrowth is low,
further epidemiological studies would be required to assess the potential for
health risks associated with regrowth of faecal contamination. The ACT
Guidelines should continue to follow the nationally agreed NHMRC Guidelines.

16
17

Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 4.
Fricker C.R., 2003, The presence of bacteria in water after regrowth. In J. Bartram et al. (Eds), Heterotrophic
Plate Counts and Drinking Water Safety. World Health Organization.
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Where elevated concentrations of Enterococci bacteria are found, in accordance
with the NHMRC’s recommended protocol, a sanitary survey should be done by
the ACT Health Protection Service. A promptly initiated robust sanitary survey
can identify sources of faecal contamination entering a lake. The survey
procedure needs to include a broad review of potential sources of sewage
leakage into the urban stormwater system.
At present, ACTEW reports to the ACT Environment Protection Authority when
overflows in the sewerage network are identified, if the overflow is directly
entering the stormwater system and/or is leaking from sewer mains greater than
300 millimetres in diameter. This arrangement allows the relevant authorities to
mitigate adverse outcomes from such events. However, leakage from the
network of underground sewerage pipes has been anecdotally linked to bacterial
contamination in Canberra’s and Queanbeyan’s urban stormwater systems.
Further investigation is needed to verify the actual and potential significance of
this source of faecal contamination. The information gathered from these surveys
can be used to develop long-term strategies for reducing faecal contamination.
Sources of faecal contamination in the lakes, including the proportions likely to
be derived from inflows or alternatively from people’s skin and clothing, or
direct deposit by birds and animals, should be investigated to identify their
significance in risks to human health and also to identify strategies to reduce
their occurrence and impact.
Some concerns were raised in the public submissions about the testing practices
in relation to faecal contamination. These are discussed in Section 6.5.
Swimming embayments are high-use high-profile recreational sites that are
relatively small in area; appropriate specific management strategies could be
implemented in the embayments to protect human health and the recreational
values of these sites. Management options that prove successful in improving
water quality in embayments could then be trialled elsewhere in Canberra’s
lakes. In-lake management options, including mixing/re-aeration systems, are
considered in Chapter 7 in the context of Lake Burley Griffin.
6.3.2. Blue-green algae testing
The ACT Guidelines for Recreational Water Quality define four alert levels — low,
medium, high, extreme — for concentrations of blue-green algae in lake waters,
with management responses for each alert level, as outlined below.
Low alert concentrations (˂ 5,000 cells of the blue-green algae species Microcystis
aeruginosa per millilitre of water (cells/mL)): management response is to
maintain routine monitoring.
Medium alert concentrations (≥ 5,000 cells/mL and ≤ 50,000 cells/mL of
Microcystis aeruginosa): where the concentration is less than or equal to 20,000
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cells/mL management response is to increase visual inspections and sampling.
Where the concentration is greater than 20,000 cells/mL, the management
response is to change signage at relevant lake entry points to warn users that
there is a health risk (skin irritations, gastrointestinal illness), and issue a media
release. This is for the protection of water users that suffer from the irritative or
allergenic effects of cyanobacterial compounds 18.
High alert concentrations (≥ 50,000 cells/mL and ≤ 125,000 cells/mL of
Microcystis aeruginosa): management response is to close the lake, or affected part
of the lake, to primary contact use. Signs are to be changed to indicate that the
lake area is closed for primary contact activities, and a media release is to be
issued with key points about the closure, and advice intended to reduce the risks
from exposure to blue-green algae.
Extreme alert concentrations (≥ 125,000 cells/mL of Microcystis aeruginosa or
scums consistently present or at least 40,000 cells/mL of Anabaena species):
management response is to warn secondary contact users of the increased level of
risk, and provide additional information in a media release to help mitigate those
risks.
The 2010 Guidelines also state that water testing should include the
measurement of the ‘biovolume’ of the algae, which is the volume of algal cell
material in the sample, as well as the concentration of cells. The Guidelines state
that:
Toxin concentration relates more closely to the amount of dry [algal] matter
in a sample than the number of algal cells. Therefore, biovolume has been
included in the assessment process to account for mixed species or large
numbers of small algal cells in water samples.
Cell counts should be used as the primary source for determining potential
risks from recreational activities. The biovolume should be used for
determining the risks associated with mixed species where a known toxin
producer is dominant or small algae such as Aphanocapsa spp., Aphanothece
spp., Cyanodictyon spp., Chroococcus spp., or Radiocystis spp. are
dominant 19.
The Tychonema genus of blue-green algae is also covered by the 2010 ACT
Guidelines, which include a specific action plan for it. Tychonema has different
growth habits and patterns from the other species. It tends to be a problem in the
winter months and its toxin has killed a number of dogs and made other dogs
violently ill. Tychonema also has the potential to affect individuals who wade or
work in the shallow water along the edge of a lake. There is anecdotal evidence
of people working in Lake Burley Griffin being affected by this organism and
18
19

Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 4.
ACT Health, 2010, ACT Guidelines for Recreational Water Quality, page 4.
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suffering vomiting and diarrhoea, but no guideline levels for risks to human
health were found in the literature. Thus visual inspection, rather than water
sampling, is the basis of managing this species. If no growth is observed, routine
visual monitoring is maintained. If benthic growth is observed, warning signs are
erected to indicate the risk. If obvious growth or floating mats are observed, the
area is closed to primary contact recreation 20.
At the Lake Users’ Forum on 19 October 2011 some participants suggested that
testing the concentrations of blue-green algae toxins in lake water, rather than
algal cell counts, would enable more precise assessment of when a lake should be
closed to prevent potential health impacts.
In considering this possibility the Investigation noted that the testing of toxin
concentrations is complicated and potentially misleading, because, as noted in
Chapter 5: “there are hundreds of toxins produced by different Blue-Green algae, and the
non-detection of one group of toxins does not indicate that other toxins are not present as
well 21.” Currently there is no single test that can determine whether any more
than a small number of the many blue-green algal toxins are present in a water
sample. It is also understood that the toxicity of blue-green algal blooms can
change from one day to the next.
For these reasons, measurement of toxin concentrations in lake water, using
currently available technology, does not offer any advantages over the
monitoring of algal cell concentrations for informing decisions on lake closures.
Therefore, the Investigation considers that the current use of algal cell
concentration, biovolume testing and visual inspection should continue as the
basis for lake closures. However, as technology and knowledge improve, it may
be possible to include measurement of toxin concentrations when assessing the
need for Lake closures. The Investigation recommends that the efficacy of toxin
concentration testing be considered when the Guidelines are reviewed in future.

6.4. Water quality guidelines and health risk management
6.4.1. Water quality guidelines
Prior to 2010 the management of blue-green algae and bacterial indicator
concentrations in ACT recreational waters relied on two separate documents: the
Blue-green Algae Action Plan 1999 (being Schedule 2 of the Water Pollution
Environment Protection Policy 1990) for algal numbers, and the Australian
Guidelines for Recreational Water Use, published by the NHMRC in 1990, for
bacterial indicators.

20
21

Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 4.
Letter from Director ACT Health Protection Service to Commissioner, 17 January 2012.
Page 77

Investigation into the state of the watercourses and catchments for Lake Burley Griffin

The ACT’s policy and guidelines were reviewed and consolidated in 2009 by the
ACT Health Protection Service, in consultation with the Environment Protection
Authority, the NCA and lake users. Following the review, new guidelines, the
ACT Guidelines for Recreational Water Quality, came into effect in 2010, and they
are currently in force 22.
The ACT’s 2010 Guidelines are based on the NHMRC’s Guidelines for Managing
Risks in Recreational Waters published in February 2008, adapted for local
conditions. The NHMRC guidelines essentially follow the World Health
Organization’s 2003 Guidelines for Safe Recreational Water Environments 23.
The 2010 Guidelines have adopted revised levels of the indicators for blue-green
algae and faecal pollution that trigger lake closures. These new levels more
accurately reflect the risk to human health, as understood by current research.
Trigger levels for both bacterial indicator and blue-green algae concentrations are
substantially higher in the ACT’s 2010 Guidelines than in the ACT’s former
guidelines; in other words, the waters are allowed to be relatively more
contaminated now than previously, before lakes are closed to use. A comparison
of the guideline values for lake closures under the 1999 Action Plan, the 1990
NHMRC Australian Guidelines and the ACT’s 2010 Guidelines is shown below
in Tables 6.4 and 6.5.
Table 6.4: Guideline levels for lake closures due to blue-green algae under the 1999
Action Plan and 2010 ACT Guidelines 24
Blue-green algae
concentration

1999 Blue-green Algae
Action Plan

2010 ACT Guidelines for
Recreational Water Quality

20,000 cells/mL

Recreational areas closed
to primary and secondary
contact

Advise ACT Health, and
change warning signs to
indicate increased risks of
skin irritations,
gastrointestinal illness

50,000 cells/mL

Not applicable

Water, or part thereof, is
closed for primary contact
use

125,000 cells/mL or scums
are consistently present*
(or 40,000 cells/mL Anabaena
sp.)

Not applicable

Advise public that contact
with water, or part thereof,
poses an increased level of
risk for secondary contact
users

*Persistent scums are scums that are seen at some time each day at the recreational site.

22
23
24

Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), pages 4−5.
Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), page 3.
Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), pages 4−5.
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Table 6.5: Guideline levels for lake closures due to bacterial contamination under the
1990 Australian Guidelines and 2010 ACT Guidelines 25,26 (where cfu stands for colony
forming units)
Faecal coliform
concentration

Enterococci
concentration

1990 Australian
Guidelines (NHMRC)

2010 ACT
Guidelines for
Recreational Water
Quality.

150 cfu/100 mL

33 cfu/100 mL

Recreational areas closed
to primary and
secondary contact

Not applicable

Not applicable

200 cfu/100 mL

Not applicable

Water, or part
thereof, is closed for
primary contact use

The above tables demonstrate that the 2010 ACT Guidelines for Recreational Water
Quality allow a more flexible, less stringent approach to lake closures as a
response to blue-green algae and faecal contamination.
6.4.2. Health risk management
The ACT’s 2010 Guidelines allow secondary contact users to take a degree of
responsibility for health risk management in Lake Burley Griffin, through:
• the use of advisory warnings and public notifications, from the NCA, in
relation to blue-green algae rather than only Lake closures and reopening;
• lake-user groups assessing the risk to their activities and implementing
strategies to mitigate the risk; and
• closures of specific parts of the Lake as necessary, such as individual
designated swimming areas, rather than closure of the entire Lake when
only a part or parts are affected by low water quality.
Under the 2010 Guidelines, there is no water quality scenario that leads to a
formal closure to secondary contact recreation. This leaves lake-user groups to
develop their own risk management strategies to address the secondary contact
threats from blue-green algae and faecal contamination. Information on risk
mitigation is provided as a key point for media messages in Section 4.3, ‘Media’,
of the Guidelines.
In considering the issue of risk management by recreational groups, it is vital that
the risks are appropriately managed by lake users. The ACT Government will
still have a role in ensuring that risk management is appropriate. For example,
25

The 1990 Guideline used faecal coliforms as the indicator organism, while the ACT Guidelines now use
enterococci; 150 cfu of faecal coliforms per 100 mL is approximately equal to 33 cfu of enterococci per
100 mL.
26
Falconer I. et al., 2011, Lake Burley Griffin Water Quality (Appendix C), pages 4−5.
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the Chief Health Officer is the statutory officer responsible for public health in
the ACT, and health guidelines for recreational waters will ultimately be
determined by the Chief Health Officer 27.
The guidance given to user groups on risk mitigation is part of key media
messages included in media releases for medium, high and extreme alert levels
for blue-green algae 28. To confirm that media messages are effective, inspections
by lake managers during alert periods would be advisable.
These inspections would apply to both faecal and blue-green algae
contamination. If necessary, changes to the public notification can be targeted to
ensure lake users are aware of the alerts and management responses.
Whilst there are no explicit directions for Lake closures to secondary contact from
algal or faecal contamination in the 2010 Guidelines, the NCA can close the Lake
for reasons in the public interest; this may include closing the Lake to all users,
on advice from the Chief Health Officer, in cases of extreme concentrations of
bacterial contamination, as occurred in March 2012. Lake Tuggeranong has also
recently been completely closed to primary and secondary contact because of
very extreme concentrations of toxic blue-green algae.
This suggests there is a need for the ACT Guidelines to recognise that there may
be circumstances when closure to both primary and secondary contact is
warranted because of the health risk associated with toxic blue-green algae. It is
appropriate for the ACT Guidelines to be amended to reflect these extreme
situations.

6.5. Communication of closures of Lake Burley Griffin
Several procedures are used to inform the public about water quality risks in
Lake Burley Griffin, and similar procedures operate in Canberra’s other lakes.
• Permanent signs are present at ‘high traffic water-entry areas’ at the lakes
and are also to be installed at Lake Burley Griffin. These signs can be
changed, and indicate the current risk for recreational activities at the
particular site.
• The NCA, ESDD and TAMSD, in consultation with ACT Health, issue
media releases about medium, high and extreme blue-green algae alert
levels, and lake closures or reopenings in relation to bacterial
concentrations. The NCA, TAMSD and ESDD also email key
stakeholders, including recreational clubs and lakeside businesses, when
there are changes in these alert levels 29,30.

27
28
29

Letter from Director ACT Health Protection Service to Commissioner, 17 January 2012.
ACT Health, 2010, ACT Guidelines for Recreational Water Quality, pages 9, 10.
ACT Health, 2010, ACT Guidelines for Recreational Water Quality, page 9.
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Responses from participants in the Lake Users’ Forum 31 indicate that the way in
which Lake Burley Griffin closures/reopenings are communicated has impacts
on Lake users, especially businesses that rely on the Lake being open. There was
a desire for stronger communications: (a) indicating when the Lake is open again
for use after a period of closure, and (b) providing certainty about the period of
time for which it is closed and why 32.
In particular, participants at the Users’ Forum suggested there could be
additional communication of Lake re-opening, by telephone and SMS, radio and
TV, as well as websites. One participant in the forum said “Tell the public when it
is open LOUDLY everywhere 33.” This suggests that the current use of media
releases is not achieving the desired effects, and alternative approaches should be
considered. This also has direct relevance to other urban lakes in Canberra.
Issues related to the communication of Lake closures, in particular water quality
testing procedures and timing, were raised in several submissions to this
Investigation.
For example, Waterski ACT states that “Official algae closures also seem to occur
some time after the presence of algae and continue well after the risk appears to have
abated 34.”
Triathlon ACT states that:
The current protocols for lake closures need to be reviewed. From our experience,
levels of contamination change drastically from one week to another in the
various area of the lake. The current protocol requires two consecutive higherthan-limit test results to close an area of the lake and two consecutive lower-thanlimit test results to open an area of the lake.
This protocol has generated some interesting scenarios where an area above the
limit would still be open (1st bad result) and an area below the limit would be
closed (1st good result) forcing the event organiser to choose an area where the
latest results show an obvious contamination 35.
The Health Protection Service advises that the two-test requirement for microbial
contamination is intended to reduce the number of false positives that occur due
to sampling error. Past sampling has indicated that minor contamination from
birds was biasing the results for particular recreational sites. If a small amount of
contamination, such as bird droppings, is collected in the sample this will give a
false indication of the quality, for the entire recreational area. To overcome this
30

National Capital Authority, media releases,
http://www.nationalcapital.gov.au/index.php?option=com_content&view=category&id=136&Itemid=859
31
Forum held 19 October 2011 at Manuka Stadium.
32
Interaction Consulting, 2011, Lake Users Forum Summary record (Appendix F), page 4.
33
Interaction Consulting, 2011, Lake Users Forum Summary record (Appendix F), page 15.
34
Submission 14, page 2.
35
Submission 9, page 2.
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issue field observations are taken, noting the amount of bird life in the area, and
resampling is undertaken as soon as practical 36.
In the case of bacterial testing, sample analysis takes up to five days to confirm
the level of contamination. There have been suggestions that this can be
expedited; for example, some tests on drinking water can be reported back after
24 hours. The difference in time to deliver a valid result is likely to be a
consequence of turbidity in the water sample: drinking water has very low
turbidity, but Lake water has a much higher turbidity. Despite this,
‘presumptive’ results are generally available after 24 hours.
The use of multiple tests has the potential to cause confusion, as noted in
Triathlon ACT’s submission, and to erode confidence in the testing procedure.
This Investigation notes that the two-test protocol mitigates the effects of false
positives, but suggests that further assessment, against relevant national
guidelines, should be pursued.

Recommendations
The introduction of the ACT Guidelines for Recreational Water Quality in 2010 has
broad support from Lake users however concerns have been expressed by some
users regarding the assessment and interpretation of water quality data and the
levels of risk posed by poor water quality. With Canberra’s population
increasing, more people are expected to value the Lake for recreational purposes.
While improvements in the Lake’s water quality should reduce the likelihood of
Lake closures, the nature of the Lake is such that closures will continue to occur
in order to mitigate risks to the health of Lake users. Considerable improvements
in communicating lake closures have occurred in recent years however
submissions indicate further efforts are needed.
To improve the availability of the Lake for recreational use the following is
recommended:
1. The ACT Government (Health Directorate) undertake periodic reviews of
the ACT Guidelines for Recreational Water Quality at intervals of not less
than five years and include consultation with relevant stakeholders. The
reviews should consider:
a)

developments in use of Enterococci bacteria as an indicator of
faecal contamination and research on the health risks associated
with regrowth pathogens;

b) improvements in knowledge and technologies to determine
whether toxin testing or blue-green algal concentration and algal
biovolume testing is most relevant for ACT Lakes; and

36

Email from ACT Health Protection Service to Commissioner, 9 March 2012
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c)

the characteristics and regrowth challenges of the lake
embayments.

2. The Current guidelines should be amended to recognise:
a) the potential for Lake or part-Lake closure on a case by case basis,
based on unusually extreme levels of blue-green algae; and
b) closure practices in relation to vey high bacteria concentrations.
3. In line with the current Guidelines, the ACT Government and the
Queanbeyan City Council, should identify and map sources of faecal
contamination entering urban stormwater systems, the significance of the
sources, and long-term strategies for reducing loading. In addition, a
rigorous and comprehensive procedure for rapid ‘sanitary surveys’ in the
event of elevated indicator concentrations should be established.
4. The ACT Government and the National Capital Authority improve
communication with Lake user groups and the general public in the
following key areas:
a)

during prolonged Lake closures, so that Lake users are aware that
the Lake is closed and why;

b) during closures or restrictions, Lake managers should undertake
random checks on Lake use, and where necessary amend public
notification methods to ensure lake users are aware of the alerts
and management responses; and
c)

when the Lake is reopened.
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7.

Options for in-Lake management

This chapter outlines some examples of in-lake management interventions that
might be used to address Lake Burley Griffin’s water quality problems.
High concentrations of blue-green algae and faecal bacteria, leading to health risks
and associated lake closures, are the key threats to the Lake’s recreational use
values. Chapter 5 noted that blue-green algal blooms are the result of interactions
between nutrient and oxygen levels, in-Lake processes, inflows, wind, temperature
and water movement. By contrast, bacterial contamination of the Lake results
mainly from contaminated inflows from the Lake’s catchment. It is less likely to be
reduced by in-Lake management actions alone.
Catchment management and policy issues are discussed in Chapter 8.
Poor water quality in Lake Burley Griffin is a complex environmental problem, and
there is no simple inexpensive treatment to address all the related issues. However,
there is a limited range of in-Lake actions that may help to improve water quality
and reduce negative impacts on Lake values. These fall broadly into four categories:
• restoration of large beds of water plants (macrophytes) to restore oxygen
levels in the Lake water, particularly in the inlet zones;
• installation of artificial re-aeration systems to increase oxygen levels, and/or
installation of mechanical mixer systems to distribute oxygen to lower levels
of the Lake;
• modification of phosphorus cycling in the Lake, including sediment
treatment to reduce the availability of phosphorus that is essential for, and
increases, the growth of algae; and
• algal management, such as farming of algae to remove nutrients or sonic
destruction of algae.
The scope of this Investigation has included some limited financial analysis of the
value of the Lake (Appendix B) and of the costs of various management options
(Appendix I). A more informed choice of means for improving water quality in Lake
Burley Griffin and other urban lakes and ponds in the ACT will require a thorough
assessment of the environmental, social and economic impacts of all approaches.

7.1. Restoration of macrophyte systems
7.1.1. Role of macrophytes
Water plants (macrophytes) are important for oxygenating lake waters, lessening
the likelihood of the low-oxygen conditions that contribute to blue-green algal
blooms. As noted above (Chapter 5) large areas of emergent and submerged
macrophytes have disappeared across the Lake since the 1980s; most likely due to
algae growing on the macrophytes and interfering with photosynthesis, and high
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concentrations of suspended solids in Lake water1. Re-establishment of both
emergent and submerged macrophytes in inlet zones around the edge of the Lake
would enhance its ecological condition and also intercept and trap components of
the inflow from the catchments: for example, nutrients, organic material and
pathogens.
As well as directly trapping suspended solid input to lakes, macrophytes produce
and absorb oxygen through their emergent or submerged leaf material, and transfer
it into their root (rhizome) zones. Consequently, bacteria in and around sediment in
this zone can access oxygen even when poor mixing conditions limit oxygen
transfer directly through the water column. By maintaining aerobic sediment
conditions in their root zones, the macrophytes limit the release of phosphorus from
the sediment, notwithstanding the elevated loads of organic material trapped in
these zones. (See also Sections 5.3.2.1, 5.3.2.2.)
The establishment of macrophyte ‘wetlands’ could deliver water quality benefits in
the inlet deposition zones; wetland literature and research reports suggest the
following rates can be achieved:
• 95−99 per cent removal of faecal coliform and Streptococci bacteria;
• 50−70 per cent removal of total nitrogen;
• 60−80 per cent removal of total phosphorus; and
• 70−90 per cent removal of suspended solids.
The following improved conditions have been observed to result from the presence
of beds of macrophytes:
•
•
•
•

•

improved distribution of flow — water calming, enhancing sedimentation;
enhanced flow detention — die-off of pathogens;
provision of vegetated surfaces for adhesion of fine particulates;
provision of substrate for the growth of biofilm — provision of surfaces for
the adhesion/biological breakdown of organic material and pathogens, and
the biological uptake of nutrients; and
provision of habitat for developing micro-fauna, including collectors and
predators of pathogens.

In addition, macrophytes at the edge of a wetland or lake can intercept algae blown
into the shoreline, removing the algae from the surface water zone 2.
7.1.2. Possible locations for new and reestablished macrophyte beds
Possible locations for the re-establishment of macrophytes have been identified at:
• Sullivans Creek inlet zone;

1
2

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 36-37.
Email from Lawrence I. to OCSE, 7 March 2012.
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• East Basin; and
• Weston Park East Beach, Orana Bay, Lotus Bay east (restoration of existing
macrophyte beds) 3.
In Lake Burley Griffin, the design and placement of macrophyte zones would need
careful consideration to minimise conflict with recreational use of these areas.
Sullivans Creek is a major source of the organic material in the West Lake area.
High volume, high velocity flows through Sullivans Creek during and after storms
deposit concentrated loads of organic matter and other pollutants in the Lake. A
large area of macrophytes, as an ‘in-lake wetland’ with an area of approximately
50 hectares 4, should be able to ‘clean’ and re-oxygenate this inlet zone.
The expected benefits of such a wetland could be achieved by constructing a low
berm within the Lake between the western end of Springbank Island and the Black
Mountain Peninsula, and diverting Sullivans Creek flow to the east, across the new
macrophyte zone. Under extreme flood conditions, flow would occur over the low
diversion berm, thereby limiting the risk of flooding upstream. This could be in
addition to or in conjunction with increasing the area of wetlands along Sullivans
Creek and its tributaries 5. An example of a vegetated macrophyte zone, similar to
the proposed ‘in-lake wetland’ can be seen at Acacia Inlet in Yarramundi Reach.

Macrophyte bed, Acacia Inlet, Lake Burley Griffin (image courtesy of Warren Geeves)

East Basin is also identified as having potential to benefit from macrophyte beds
because it faces significant stresses from inputs from its tributaries, namely the
Molonglo River and Jerrabomberra Creek. Restoration of macrophyte systems
across East Basin must take into account boat movement between the Boat Harbour

3
4
5

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 90.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 90.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 90.
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and Kings Avenue Bridge, and into the Molonglo River 6. Another possibility is the
restoration of the existing macrophyte beds in East Basin 7.
There is considerable uncertainty around how big the restored or enlarged
macrophyte systems should be to make a significant improvement to the water
quality of the Lake. The Water Quality Assessment noted that:
the re-establishment of macrophyte habitats in lakes and reservoirs has had a mixed
success rate. In a number of cases, this is the result of elevated Suspended Solids post
the loss of macrophytes, limiting light necessary for their re-establishment. Hence it
appears appropriate to approach a ‘macrophyte restoration’ program on a phased
basis, to assess this risk 8.
This indicates the importance of catchment management that reduces suspended
solids in catchment runoff.
Given both the potential costs and the uncertainties, this Investigation recommends
a detailed analysis of proposals to restore macrophytes in the Lake.

7.2. Installation of mixer and/or re-aeration systems
As discussed in Section 5.5.1, stratification can occur in the Lake during summer,
meaning that the warmer surface water does not mix with the colder, bottom water
layer. Because of this, oxygen which naturally enters the surface water from the
atmosphere cannot reach the bottom waters, and low oxygen conditions are
exacerbated, contributing to algal growth and the production of ammonia. A range
of mixing and aeration techniques have been applied internationally and in
Australia (e.g. in the Swan River in Western Australia) in attempts to reduce
stratification and increase oxygen in bottom waters of lakes.
Some examples of mixing/aeration techniques are:
• forcing air into deep waters through perforated pipes laid on the lake bed;
• mixing and/or aeration of the bottom waters, making it easier for the bottom
water and surface water layers to mix naturally; and
• mixing of the surface water to encourage growth of harmless green algae
rather than blue-green algae 9.
One treatment for mixing within the surface water layer is use of the proprietary
SolarBee® device, to stimulate circulation between the lower and upper parts of the
surface water zone 10. The NCA is currently trialling two of these solar powered
destratification units in Lake Burley Griffin, over a three-year period in both open
water Lake areas and swimming embayments 11. The objective is to gauge their
6

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 89.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 89.
8
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 90.
9
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 91.
10
SolarBee, n.d., Circulating the World’s Water. http://www.solarbee.com/
11
National Capital Authority, 2011, Trial of two SolarBee units in Lake Burley Griffin, page 2.
7
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impact on reducing and remediating blue-green algal blooms 12. The SolarBees were
installed in September 2011 and no results were available at the time of this
Investigation.

A darter preens itself while perched on the SolarBee®
(image courtesy of Liz Milligan)
It is expected that the trial will contribute to a more rigorous assessment of the
usefulness of mixers in Lake Burley Griffin and their potential for use in other ACT
lakes. In particular, the trial at Yarralumla Beach should be a valuable guide to the
potential of this management tool to address algal problems in the embayments.
Mechanical mixers have had limited success in destratification in deep lakes
elsewhere 13. However, the most serious impacts from blue-green algal blooms in
Lake Burley Griffin have been in shallow areas and near the drainage inlets, rather
than the deeper areas closer to Scrivener Dam 14.
It should also be noted that all ‘mixer’ options run some risk of exacerbating algal
blooms. For example, turning on a mixer after de-oxygenation of the sediments may

12
13
14

Letter from National Capital Authority to OCSE 6 September 2011, page 1.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 91.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 91.
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result in the mixing of bottom phosphorus throughout the water column, thereby
enhancing algal growth 15.

7.3. Phosphorus adsorption and removal
Free phosphorus in the Lake water, a key nutrient for algal growth, can be
deliberately adsorbed and removed, preventing its uptake by, and stimulation of,
blue-green algae.
Adsorption and removal happens naturally when phosphorus in the runoff from
catchments after rainfall is adsorbed onto clay-rich sediments carried in the runoff.
By forming bonds with ions in the clays, the phosphorus becomes an inactive
component of the sediment, and is removed from the water column when the
particles settle out on the lake bed (see Section 5.3.3.2). This phosphorus remains
inactive in the lake bed sediments, unless it is set free again by biochemical reducing
reactions associated with deoxygenation of bottom waters.
Where free phosphorus exceeds the capacity of clays to remove it, it can be
deliberately adsorbed and removed by adding chemical compounds to the water.
For example, aluminium and iron compounds or copper sulfate are known to be
effective; however, these substances potentially have toxic effects 16. One alternative
is a proprietary product, Phoslock®, developed by CSIRO in the 1990s — a non-toxic
clay-based compound that strips phosphorus from lakes and reservoirs; it is claimed
to have been used to clean up at least 150 waterbodies affected by blue-green algal
blooms around the world 17. An apparent advantage of Phoslock is that once it has
settled to the bottom of the lake it reduces the amount of phosphorus cycling
between the sediments and the water-column 18. That is, it is expected to be more
resistant to reduction reactions than the clay/iron based sediments in the Lake’s
catchments 19. Studies suggest that, once settled, it does not inhibit the establishment
of macrophytes 20.
When there is already a natural inflow of clay and iron minerals in catchment
discharge to a lake, application of a product such as Phoslock will have less effect.
Nevertheless, this product could be a valuable short-term solution to algal problems
at hot spots such as inlet depositional zones or beach embayments 21 when there is
no natural inflow.

15

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 91.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 93.
17
Garman D., 2010, Phoslock: Presentation to the NSF Standard 60 Joint Committee.
18
Spears B. and May L., 2009, Proposal for the Restoration of Loch Flemington using Controlled Application of a
Lanthanum-Bentonite Clay (Phoslock®), page 1.
19
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 93.
20
Spears and May, 2009 (cited above), page 8.
21
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 93.
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7.4. Chemical oxygenation of sediments
Lake sediments can be treated directly by injecting compounds such as nitrate or
iron chloride into them to stimulate oxygenation. The benefits of nitrate in reducing
algal growth were described in Section 5.3.4.1. Sediment treatment of this type has
been successful overseas. For example, ferric chloride was injected into sediments of
several Swedish lakes in 1975, with lime to offset the acidification effects of the iron
chloride. This resulted in a significant and sustained reduction in algal levels within
the treated lakes 22,23.
This option would be most appropriate for areas where sediments are loaded with
high concentrations of organic matter, such as in the inlet deposition zones of Lake
Burley Griffin.
Given the small amount of information available on successful use of sediment
treatment elsewhere, and the potential for associated impacts such as change in
acidity or alkalinity which could affect the Lake’s ecological values, further research
is needed before this option is trialed here.

7.5. Algae farming
Algae ‘farming’ is a system for growing and harvesting algae in water bodies,
thereby reducing the nutrient loads in the water — just as growing and harvesting a
crop on land reduces the nutrient level of the soil. For example, a proprietary
product called The Algal Turf Scrubber® grows filamentous algae on screens in
constructed ponds to remove nutrients from polluted water. The process has been
used for treating point source pollution, such as in a sewage treatment system, and
also to improve water quality in rivers 24. However, this Investigation has found no
examples of algae farming in Australian rivers or lakes.
Algae cultivation systems are being researched around the world, mainly for
harvesting carbon dioxide, which algae take in from the air for photosynthesis, and
also because algae can be used to produce biofuels, or even fertilisers or food 25.
While algae farming is unlikely to be a viable option for Lake Burley Griffin, it is
outlined here to illustrate that there are novel and alternative approaches to
addressing the problem of excessive blue-green algae.

7.6. Sonic destruction of algae
Underwater sound systems that emit ultrasonic sound waves can rupture the cell
walls and gas vacuoles of target algae, but it is claimed that the ultrasonic sound
waves do not affect fish, insects, macrophytes or humans. Sonic destruction of algae
22

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 94.
Email from Ian Lawrence to OCSE, 7 March 2012.
24
ESTECH, n.d., The Algal Turf Scrubber, http://www.algalturfscrubber.com
25
Shareable: Science & Tech, n.d., Are algae the DIY answer to fuel and food crises?
http://www.shareable.net/blog/is-algae-the-shareable-answer-to-food-energy-crises
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appears to be a reasonably novel and relatively inexpensive management option,
and possibly could be trialled in some of the Lake’s sheltered embayments.
However, this technology could have negative impacts if applied throughout Lake
Burley Griffin, because it would be likely to seriously affect the plankton of the Lake
— the base of its food web 26.
Until replicated, field trials of sonic destruction of algae are available for review, this
Investigation does not consider the technology suitable for application because of its
potential to affect other life in the Lake.

Recommendations
In-Lake techniques for improving water quality in Lake Burley Griffin such as
macrophyte plantings, treating sediments and stirring water columns, need to be
considered against the uncertainties that currently exist about their efficacy.
Additionally, the employment of any such measures should also be enacted within
co-ordinated catchment management and include improved management at the
source of pollution. With these provisos in mind, this Investigation recommends
that:
5. The National Capital Authority and the ACT Government undertake a
feasibility study, including a triple-bottom-line analysis, of macrophyte
restoration across the Lake. Priorities for consideration should include:
a) construction of a wetland in the Lake between Springbank Island and
the mouth of Sullivans Creek;
b) construction of a wetland in the Lake at East Basin; and
c) restoration of macrophyte beds in Lotus bay, Orana Bay, and at Weston
Park East Beach.
6. The National Capital Authority and the ACT Government jointly explore
initiatives for in-lake interventions aiming to control blue-green algae in
Lake Burley Griffin and other Canberra lakes. Desktop research, physical
trials and cost-benefit analyses could examine (but not be limited to) systems
for:
a) re-aerating sediments;
b) stirring the water column;
c) adsorbing and removing phosphorus from the water via additions of
clay- or chemical-based substances; and/or
d) treating lake sediments to reduce phosphorus release, including by
addition of nitrates or iron chloride to the water.

26

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 92.
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8. Catchment management to improve the Lake’s
water quality
This chapter examines management of the catchments of Lake Burley Griffin, and
considerations for improving water quality. It focuses on possible improvements to
reduce the key threats to its water quality - excessive growth of blue-green algae
and high levels of faecal bacteria. Detailed evaluation, decision making,
coordination, funding and management in relation to catchment improvement
measures will undoubtedly be complex and challenging given the scope of work
needed. A preliminary estimate of the costs of some management options is at
Appendix I.

8.1. Overview
The water quality in Lake Burley Griffin reflects the overall pattern, composition
and amounts of water and pollutant loads from the rivers, creeks and drainages that
enter the Lake from its sub-catchments, as well as the biological, chemical, and
physical processes that occur within the Lake. However, responsibility for the
overall management of the sub-catchments and the Lake itself is spread across a
complex of jurisdictions; the governments of Australia, the ACT and NSW as well as
three local government areas in NSW, as described in Chapter 4. (See Appendix H
for maps of the various sub-catchments.)
Each government is already taking steps to improve the water quality of runoff
within its own jurisdictional area. However, the interconnectedness of the system
within which Lake Burley Griffin is located requires a coordinated approach. It is
only through such cooperative planning and action that the complex issues relating
to improving catchment and, and ultimately, water quality, can to be addressed.
This report proposes that the various governments should adopt a consultative
approach to their governance of the sub-catchments, with the aim of achieving costeffective and coordinated management of the catchment as a whole. The proposal is
further discussed in Chapter 10. Based on the Water Quality Assessment, public
submissions, and information provided by government agencies and local councils,
this Investigation has identified a range of catchment issues for Lake water quality,
and possible management options to address them.
This Investigation has identified four targets for catchment management
interventions:
•
•
•
•

urban catchments;
rural catchments;
sewage treatment and discharge; and
river flow management.
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8.2. Urban catchment management
Parts of the urban water management system, including Canberra’s larger urban
lakes, are very effective in receiving and trapping pollutants such as nutrients,
sediment and organic matter. While these actions prevent pollutants from entering
rivers downstream of the ACT, it results in poor water quality in the urban lakes
themselves through processes outlined in Chapter 5. Poor water quality conflicts
with recreational use and expectations of the various lakes. It also conflicts with the
sense of Lake Burley Griffin as a focal point for the National Capital and its National
institutions.
Urban development, which inevitably includes areas of impervious surfaces such as
roads, paths and roofs, significantly modifies the natural hydrology of a catchment.
Impervious areas shed rainwater and prevent it from infiltrating into the underlying
soil. Increased water runoff and nutrient exports to receiving waters such as rivers
and lakes are to be expected when catchments are urbanised. The increased volume
and rate of run-off often cause the quality of the receiving waters to deteriorate.
Rapid runoff during storms can erode channels, and buffet or flush out natural
biota. Waterbodies and their biota often have insufficient time to recover between
flushes 1.
All six jurisdictions of the catchment of Lake Burley Griffin contain urban, periurban or rural-residential areas. Pollution sources in Lake Burley Griffin’s urban
catchments can be categorised into two types:
• diffuse, or non-point-sources, from which pollution enters the Lake
primarily through surface-water drains and creeks and groundwater
discharge; pollutants are usually of many types and come from a wide area;
and include stormwater run-off and leakages from sewerage infrastructure;
and
• point-sources, which potentially includes the Queanbeyan City Council
Sewage Treatment Plant, as well as intensive horticultural areas such as golf
courses, the turf farm and other large horticultural enterprises, individual
development/building sites, and the Canberra airport.
To reduce the impacts of urban pollution discharge within the urban areas of the
Lake’s catchment, this Investigation considered three options for improving
management of:
• organic waste from public and private spaces, including raising community
awareness to reduce inappropriate organic waste disposal;
• gross pollutant traps; and
• water quality control ponds.
Effective, well-targeted implementation of these options will require improved
monitoring and evaluation of urban water quality, combined with evidence-based
1

ACT Government, 2004, ‘Think water, act water’, Volume 1, page 45.
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management responses, to address identified occurrences of poor water quality in
Canberra and Queanbeyan.
8.2.1. Management of urban organic waste in relation to Lake Burley
Griffin
Urban catchments generate large amounts of organic matter, which creates BOD,
when washed into the Lake. This was identified as the major cause of blue-green
algae blooms, as discussed in Chapter 5.
The Water Quality Assessment found that:
• in a typical wet year (such as 1998), urban and rural catchments contribute 39
and 48 per cent, respectively, of BOD loading on the Lake;
• in a typical dry year (such as 2006) urban catchment inflows, including
QCCSTP contribute around 95 per cent of BOD loading on the Lake;
• with the changes to QCCSTP operation in 2009 (introducing use of ferric
sulphate) in a typical dry year the urban catchments could be expected to
contribute 70 per cent of BOD to the Lake excluding QCCSTP, with QCCSTP
contributing 17per cent; and
• organic material loading is the major potential threat to Lake water quality
and ecology, into the future 2.
The organic matter from the urban catchments that enters the Lake is largely in the
form of suspended solids comprising, soil, leaves (particularly the large quantities
of autumn leaves 3 from suburbs near the north and south shores of the Lake) and
other green waste and animal wastes. Organic materials are washed off gardens,
parks, sporting grounds, nature strips, reserves and streets and are generally carried
to the Lake in stormwater runoff. Organic matter can also include hydrocarbons that
accumulate on roads and other surfaces subject to vehicular traffic.
Management of known sources of organic material in the urban catchment reduces
some of the diffuse sources of organic matter pollution impacting on the Lake.
Responsibility for management and disposal of the organic material that could enter
the Lake is shared by residents and all six government bodies in the Lake
catchment. Accordingly, all have potential roles in achieving improved outcomes.
In the ACT, residents should dispose of organic material from their residential
lawns, trees, shrubs and gardens so that it does not enter waterways (for example,
by being washed off paths and down gutters and stormwater drains) in the Lake
catchment. Under the Environment Protection Act 1997, to comply with their general
environmental duty:
A person must take the steps that are practicable and reasonable to prevent or
minimise environmental harm or environmental nuisance caused, or likely to be
caused, by an activity conducted by that person.
2
3

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 8.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 98.
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Residents may fulfil that duty, in relation to residential organic matter, through
private composting, or by having waste removed by licensed contractors, or by
taking the organic matter to a green-waste recycling facility. Community education
may help people be more aware that garden waste and other organic matter from
households is to be prevented from entering Canberra waterways, including those
leading to Lake Burley Griffin.
In the ACT, much residential organic garden waste is commercially composted at
the recycling facilities. The ACT Waste Management Strategy 2011–2025 4 estimates
that over 90 per cent of the city’s garden waste is recycled by commercial
composters.
The ACT Government is responsible for the disposal of organic matter in public
places. Roads ACT is responsible for sweeping streets and major roads and
disposing of the organic material. According to the Territory and Municipal Services
Directorate (TAMSD) website:
Every street in Canberra receives at least 3 sweeps every year. Over the period
between May and August our efforts are concentrated on the removal of leaf litter
from the deciduous street trees in the inner north and south suburbs 5.
This focus on areas with large numbers of deciduous trees should be helping reduce
sources of organic matter that can enter the Lake. It would be beneficial to
determine whether any practicable changes to the current sweeping regime are
possible and likely to reduce the effects of leaf litter on the Lake’s water quality.
Currently approximately $535,000 or 57 per cent of the ACT road sweeping budget
is spent on sweeping in the inner north and inner south of Canberra between April
and August 6.
The ACT Government’s Parks and City Services have advised that during grass
mowing adjacent to stormwater infrastructure, the machinery is oriented to eject
clippings away from stormwater channels on the closest pass to the channel. It is
important that this practice continues.
On National Land, organic waste is managed (within the bounds of the available
funding) to limit BOD loading on the Lake, including inceased leaf litter removal in
the autumn period In the urban parts of the sub-catchments in NSW, organic waste
is the responsibility of the local councils.
8.2.2. Water sensitive urban design
The design of urban development and stormwater drainage systems influences the
water quality of urban lakes. A stormwater system that consists of pipes and lined
channels collects and discharges stormwater quickly and directly. The rapid flow
4
5

6

ESDD, 2011, ACT Waste Management Strategy 2011−2025 Towards a sustainable Canberra, page 24.
TAMSD, n.d., Street Sweeping.
http://www.tams.act.gov.au/move/roads/road_and_carpark_maintenance2/streetsweeping
Personal communication from Ken Marshall (TAMSD) to Commissioner for Sustainability and the Environment
dated 22 March 2012.
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carries pollutants straight into the receiving waters such as urban lakes or rivers,
contaminating their water quality. By contrast, if the flow path taking stormwater to
a lake or river can include passage through the soil, or detention in a purpose-built
earth-lined pond or wetland, there can be time for the pollutants to be modified or
even filtered out of the water before it reaches its destination in the receiving
waterbody.
Stormwaters generally collect pollution that has come from diffuse (non-point)
sources where, by definition, the pollutants are dispersed and therefore difficult to
manage at the source. Water sensitive urban design (WSUD) is an approach now
widely used for capturing and treating urban stormwater and removing some or all
of the pollutants they carry.
WSUD is a contemporary approach to urban design, and one of its main objectives
is to detain urban stormwater runoff and associated pollutants so that the amounts
that reach receiving rivers and lakes are reduced to approximately pre-development
levels 7.
Examples of WSUD installations that can successfully reduce the export of
stormwater run-off and associated pollutants include 8:
• wetlands and ponds;
• retarding basins integrated into public open space;
• extended detention systems such as major dry basins or major wetlands,
ponds or lakes;
• filter strips, swales and bio-swales in lieu of piped or otherwise impervious
drainage systems;
• downpipes and impervious surfaces disconnected from the engineered
stormwater drainage system, directing runoff into raingardens or across
lawns and garden beds;
• rainwater tanks collecting rain from household downpipes;
• bioretention systems capturing runoff from impervious surfaces nearby;
• on-site detention storage, particularly in multi-dwelling sites (which may be
increased in size to allow for water harvesting);
• extended detention systems via ornamental ponds or landscaped
depressions; and
• downpipes directly connected to a separate collection system to discharge to
ornamental ponds to maintain water quality.
8.2.3. Water sensitive urban design planning in the ACT and NSW
Water sensitive urban design (WSUD) has been applied in many parts of Canberra’s
stormwater system, particularly from the late 1990s onwards.

7
8

ACT Government, 2004, ‘Think water, act water’ Volume 1, page 45.
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 14.
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The ACT Government has continued its commitment to WSUD through its water
strategy ‘Think water, act water’, and the Territory Plan ‘Waterways: Water Sensitive
Urban Design General Code’.
Queanbeyan City Council is also adopting
WSUD in its new developments: for example,
water management in the Googong township
project, approximately seven kilometres south of
Queanbeyan, is to include integrated water cycle
technology that will reduce wastewater inputs
to the catchment 9. The township is expected to
house 16,000 people 10 over the coming 20–
25 years.
The ACT Code for WSUD aims for “reductions in
pollutant exports compared to an urban catchment
Constructed urban wetland, David Street,
with no water quality management controls” 11 (see
O’Connor, Image courtesy ESDD
Table 8.1 (quality) and Table 8.2 (quantity)).
Table 8.1: ‘Waterways: Water Sensitive Urban Design General Code’ targets for stormwater
quality 12
Development or
redevelopment sites

Regional or
catchment-wide

Reduction in average annual
suspended solids (SS) export load

60%

85%

Reduction in average annual total
phosphorus (TP) export load

45%

70%

Reduction in average annual total
nitrogen (TN) export load

40%

60%

Table 8.2: ‘Waterways: Water Sensitive Urban Design General Code’ targets for stormwater
quantity 13
Reduction of runoff peak flow to no more than the pre-development
levels and release captured flow over a period of 1 to 3 days
Reduction of peak flows to pre-development levels
*ARI stands for average recurrence interval

9

Googong, n.d., Water Cycle System, http://googong.net/sustainability/water-cycle-system/
Googong, n.d., as cited above.
11
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 25.
12
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 26.
13
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 38.
10
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The targets under the heading ‘Development or redevelopment sites’ (Table 8.1) are
required to be met by all new developments on sites greater than 2000 sq. metres in
area, and the ACT Government itself is responsible for achieving the ‘Regional or
catchment wide’ targets. The WSUD general code states that:
Development proposals in the ACT for sites
greater than 2000 m2 must demonstrate
that the required water quality criteria will
be achieved. Use of the MUSIC model to
demonstrate compliance will be accepted.
Other models may be used with the
agreement of the ACT Planning and Land
Authority…
MUSIC is the ‘Model for Urban
Stormwater Improvement
Conceptualisation’ developed by the
Cooperative Research Centre for Catchment New urban wetland, Banksia Street, O’Connor
Image courtesy of Warren Geeves
Hydrology... It [MUSIC] provides the
ability to simulate both the quantity and quality of runoff from catchments… and
can test the impact of a wide range of treatment facilities on the quantity and quality
of runoff downstream 14.
There are limited data on post-development water quality to determine whether
water quality meets the results of model simulations. An exception is Norgrove
Park, at the Kingston foreshore development at the southern shore of the Lake.
Monitoring and analysis are needed to establish whether implementation of the
‘Waterways: WSUD General Code’ is adequately effective in reducing pollutants
entering rivers and lakes.
Much of the Lake Burley
Griffin urban catchment, in
ACT (Territory and National
Land) and NSW, was
developed before the
introduction of water
sensitive urban design as a
concept. Canberra’s inner
suburbs were originally built
long before the 1970s, and
there has also been significant
urban development and
redevelopment in the Lake
Innovation Centre, University of Canberra
Image courtesy of Luke McPhail

14

ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 26.
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catchment during 1985–1990 and 2000–2005 15. Therefore it is important for the ACT
Government continues to explore retrofitting of appropriate WSUD measures to
existing urban areas in the Lake’s catchment. Since the year 2000, WSUD
installations developed by the ACT Government and/or by private developers have
been retrofitted in public spaces within the Lake’s catchment, including:
• water-quality control ponds or wetlands
retrofitted to existing infrastructure or
associated with ‘brownfield’ redevelopment,
particularly wetlands in the Sullivans Creek
catchment 16 at David St in O’Connor,
Banksia St in O’Connor, at Dickson Playing
fields and in Gungahlin at Flemington
Ponds;
• Kingston Drainage line in Norgrove Park,
Kingston foreshore 17; and
• vegetated ‘buffer strips’ or ‘raingardens’ as
an alternative to standard kerb-and-gutter
treatments; for example, those installed as
part of roadworks or streetscape
redevelopments at Parkes Way in Russell
and Childers St in Civic 18.
Further water quality control ponds or wetlands are
planned for retrofitting as part of the Canberra
Integrated Urban Waterways Project,
including along Sullivans Creek 19.

WSUD in Childers Street, Canberra
Image courtesy of Luke McPhail

The water-quality control wetland
and adjacent downstream ‘Eco-pond’
at Norgrove Park, Kingston, have
been monitored by the ACT Land
Development Agency for a number
of years. The pond treats a small
portion of discharge from the
Kingston–Griffith–Narrabundah
catchment; moderate to large storm
discharges bypass the wetland.
However, the efficacy of the water
quality control measures is
demonstrated in the results of this
WSUD at Kingston, Canberra

Image courtesy of Luke McPhail

15
16
17
18
19

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 52.
Letter from ESDD to Commissioner, 19 October 2011, page 2.
Letter from ESDD to Commissioner, 21 December 2011.
Observations by OSCE staff, December 2011.
Letter from ESDD to Commissioner, 19 October 2011, page 2.
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monitoring over 2008–2011 (see Table 7.1) which show changes in pollutant loads
relative to the loads in the stormwater when it enters the wetland, upstream of the
Eco-pond.
The monitoring results indicate that the wetlands are removing some of the
phosphorus and nitrogen from incoming stormwater, in accordance with the target
reductions specified in the Waterways: Water Sensitive Urban Design General Code (see
Tables 8.1 and 8.2), while suspended solids are being collected in the pond. The
particularly large amounts of suspended solids are thought to come from the
intense construction happening in the Kingston foreshore area 20, and they show the
effect of disturbance, via housing development, on volumes of suspended solids
exported.
Table 8.3: Land Development Agency monitoring results, Norgrove Park Eco-pond,
2008–2011 and targets
Targets

Development or
redevelopment site
target

Regional or
catchment-wide
target

Suspended solids

60% reduction

85% reduction

Norgrove Park Ecopond monitoring
results
2008–2011
66% increase

Total phosphorus

45% reduction

70% reduction

77% reduction

Total nitrogen

40% reduction

60% reduction

62% reduction

Source: Land Development Agency

The Norgrove Park Eco-pond is only one example of the suite of WSUD options that
could have been implemented across the Kingston foreshore development. Broader
WSUD principles, such as reducing hard surfaces in car parks, the use of swales
rather than stormwater pipes, and rainwater recycling, have not been incorporated.
The Environment and Sustainable Development Directorate (ESDD) has advised
that the ponds on Sullivans Creek have not been in place for sufficient time for
useful data on any resulting water quality improvements to be available 21. The
Water Quality Assessment found that full development of wetlands and stormwater
harvesting measures in Sullivans Creek catchment will secure a further reduction of
20 per cent of the Creek’s nutrient, BOD and suspended solids loads 22.
Notwithstanding this expected improvement, the wetlands on Sullivans Creek are
undersized relative to the catchment they service:
high rates of organic material deposition are resulting in significant levels of
sediment reduction, with the production of high levels of NH3 and some leakage
of intercepted phosphorus as ortho-phosphate. This assessment has noted the

20
21
22

Letter from Economic Development Directorate to Commissioner, 21 December 2011, Attachment A, page 2.
Letter from ESDD to Commissioner, 19 October 2011, page 5.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 53.
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significant impact of ammonia in respect to the shift from Green algae to bluegreen algae 23.
As this occurs, conditions of poor mixing and stratification within the ponds
exacerbate these reducing conditions, potentially leading to a need for management
intervention to maintain the ponds as fully oxidised systems 24.
Given the effectiveness of water quality control ponds in intercepting nutrients and
suspended solids in the urban catchment, and the importance of urban stormwater
flows in contributing to poor water quality in the Lake, further detailed study is
required on the benefits and costs of retrofitting wetlands and ponds on the flow
paths to the Lake’s inlet depositional zones. Possible sites include the Hindmarsh
Drive culvert over Jerrabomberra Creek 25 and Yarralumla Bay Oval 26. This
Investigation understands that a feasibility study is being undertaken in relation to
Yarralumla Bay by the NCA, and that this project would be considered a priority, if
funds were to become available 27. Indicative costings for some of the options for
wetlands and in-Lake macrophyte bed developments are provided in Appendix I
and range between $0.6 million and $4 million.
The NCA has also advised that the construction of pollution control ponds on
drainage lines where none currently exist in the Lake’s catchment would be a
priority if funds were available. For example, “the NCA would need to prioritise the
conversion of the Campbell drainage line which runs through Kings Park and empties into
the Lake”. However, the NCA also notes the need for cooperation between ACT
Government and the NCA, and that: “The transformation of stormwater drains at
Telopea Park and Yarralumla would need to be prioritized by the ACT Government” 28.
While water quality control ponds and wetlands are an important part of a strategy
to improve water quality in Lake Burley Griffin, they cannot be seen as the sole
solution. A prohibitively large total area of ponds/vegetated wetlands would be
needed to effectively improve water quality in Lake Burley Griffin without the use
of other measures in established areas. The Water Quality Assessment noted that
sizes of water quality control ponds have been problematic in the past, and that in
many cases the small areas available have meant that ponds have been too small in
relation to the urban catchment they are serving 29. As a result, other types of WSUD
approaches, as noted above, along with in-Lake actions (see Chapter 7), will also be
essential to ensure improved water quality in Lake Burley Griffin.
While water quality control ponds are part of WSUD within a suburb, they can also
be used as a temporary measure for management of point source pollution such as
at building or housing development sites. During development and construction,
23
24
25
26
27
28
29

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 100.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 100.
Email from I. Lawrence to Commissioner, 2 January 2012.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 90.
Letter from ESDD to Commissioner, 19 October 2011, page 7.
Letter from NCA to Commissioner, 6 April 2011, page 4.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 100.
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water quality control ponds may be installed either as part of the final design plan,
or temporarily to trap sediment and control erosion by limiting the escape of
suspended solids from the site.
Aspects of WSUD have been successfully retrofitted in other Australian cities, such
as Melbourne and near Brisbane 30, to reduce the impacts of stormwater on natural
systems such as the Yarra River and Port Philip Bay 31 and the Maroochy River in
Queensland.
8.2.4. Gross pollutant traps
In addition to the considering new types of infrastructure associated with WSUD
including water quality control ponds and constructed wetlands, this Investigation
has identified opportunities to improve the performance of existing infrastructure in
the urban areas of the Lake Burley Griffin catchment, in particular the gross
pollutant traps (GPTs).
GPTs were first developed in Australia in the ACT in the late 1970s and 1980s. GPTs
reduce water pollution in urban lakes and ponds by removing litter, debris and
coarse sediment from stormwater. Most GPTs will also provide some reduction in
other pollutants. For example, trapping coarse sediment may also:
•
•
•
•

remove particulate nutrients;
remove trace metals, oil and grease;
reduce bacteria; and
reduce substances that use up dissolved oxygen.

All of these pollutants can be partly bound to sediments and are removed from
stormwater when sediment is trapped 32.
The most commonly used types of GPT in Canberra consist of a concrete sediment
basin with a fixed trash rack at the downstream end of the basin. More recently,
proprietary underground pit-based GPTs have been developed 33. Queanbeyan City
Council also uses GPTs of several differing design including a basket and vortex
design.
In Canberra, GPTs have been highly effective in trapping significant volumes of
sediment, organic material and trash and other pollutants, preventing them from
entering waterways, and urban lakes and ponds. This is supported by information
on the effectiveness of GPTs from TAMSD 34. This shows that 308 cubic metres of
silt and 29 cubic metres of debris were removed from the large GPT on Sullivans
Creek at Barry Drive, Turner, in a bi-annual cleanout in October 2011. This type of
30

eWater, 2009, Case study: Maroochydore Library, http://www.ewater.com.au/casestudies/music-casestudies/bmt-wbm-music-case-study/
31
Melbourne Water, Water sensitive urban design case studies database,
http://wsud.melbournewater.com.au/content/case_studies/case_studies.asp/
32
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 30.
33
ACTPLA, 2009, Waterways: Water Sensitive Urban Design General Code, page 30.
34 Email from TAMSD to Commissioner for Sustainability and the Environment dated 17 February 2012.
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cleaning is performed at a cost of approximately $150 per cubic metre of material
removed.
Much of the stormwater infrastructure in established urban areas within the Lake
Burley Griffin catchment was built several decades ago. For example, the Barry
Drive GPT referred to above was constructed in 1972, when this technology was
‘state of the art pollution control’ 35. Roads ACT have advised that “there has been no
upgrade to these assets since construction completion 36”.
This Investigation has been advised that GPT design has been improved since then:
There are much improved designs of these traps, which have been developed for
high-density urban areas. Consideration should be given to additional new
design traps on high load drains such as Sullivans Creek and drains entering
Lake Ginninderra....More frequent emptying would also cut down nutrient load
and smells 37.
A serious disadvantage of GPTs has been the leaching of phosphorus and ammonia
from trapped sediment and organic material, with potential impacts on downstream
waters. The discharge of leachates high in ammonia is of particular concern because
of its potential role in supporting the growth of blue-green algae 38.
A modification to the operation of the traps in relation to low flows would allow
this problem to be resolved:
it would be possible to take the Traps ‘off-line’ for low stormwater flow
conditions, thus reducing the period of discharge of leachates to downstream
receiving waters. It would then be possible to install a small pit based filter and
aerator system, to draw leachate water from the Trap’s holding basin, remove P
(using iron or Phoslock multi-medium filter), aerate the leachate to oxidize the
ammonia, and recirculate the treated water back into the basin... 39
ESDD has advised that it sets a high priority on improving water quality within the
Barry Drive GPT through water mixing or otherwise oxygenating the water to
prevent remobilisation of pollutants, if funds become available 40.

8.3. Rural catchment management
The NSW rural catchment areas of Lake Burley Griffin consist mainly of the upper
Jerrabomberra Creek and upper Molonglo systems, including the Queanbeyan River
above Googong Dam. These areas are increasingly being used for rural-residential
settlement, and the Jerrabomberra catchment, particularly, is in transition because of
the development of the Hume Industrial Estate (in the ACT part of Jerrabomberra

35
36
37
38
39
40

Letter from Director General TAMSD to Commissioner, 19 October 2011, page 2.
Letter from Director General TAMSD to Commissioner, 19 October 2011, page 2.
Ian Falconer, personal communication to the Investigation.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 12.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 99.
Letter from ESDD to Commissioner, 19 October 2011, page 7.
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catchment) and the extension of Queanbeyan. Woolshed Creek, in the ACT, also has
a rural catchment that is likely to be subject to major roadworks in the future.
As noted in Chapter 5, the rural catchment of the Lake have been found to be a
major source of phosphorus, organic matter (measured as BOD) and suspended
solids, during wet periods, but they are only a minor source of these pollutants
during dry periods 41.
A reduction in suspended solids exports from the rural catchment of 46% relative to
flow was experienced between the 1994-96 and to 2007-10 periods (both containing a
mix of wet and dry years). This may reflect a removal of livestock over the 1999 to
2009 drought period 42. It is also possible that lack of scouring in erosion gullies and
across the rural landscape generally during the dry years meant that material was
not being mobilised for transport.
Just as for urban catchments, sources of pollution for the Lake from rural
catchments can be categorised into two types:
• diffuse non-point-sources, from which pollution enters the Lake primarily
through surface water drains and creeks and groundwater discharge
pollutants usually are of many types and come from a wide area; in the rural
catchments, diffuse pollution sources include gully and sheet erosion; and
• point-sources, which are specific sites; in rural areas these can include on-site
systems of sewage management (OSSMs) and road-waterway crossings.
As noted above (Section 2.2), a large proportion of the soils of the rural catchments
of the Lake are very susceptible to erosion 43; containing or preventing potential soil
erosion in the NSW and ACT region requires constant and continuing effort.
The expansion of rural-residential settlement will require increasingly careful
management. The Water Quality Assessment noted that one of the potential causes
of the 130 per cent increase in faecal coliform pollution of the Lake between the
years 1994–1997 and 2007–2011 has been the growth in rural-residential settlement
upstream of the Sutton Road monitoring site 44.
8.3.1. Rural catchment management in NSW
8.3.1.1.

Soils

In planning for Lake Burley Griffin, the Commonwealth and NSW governments
established a joint soil conservation program across the catchment in 1961, to
manage the threat of sediment to the proposed Lake. The Captains Flat (Abatement of
Pollution) Agreement Act 1975 (Commonwealth) was another example of a catchment
management-related response intended to protect the Lake.

41

42
43
44

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 51.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 43
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 45.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 50.
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Improved soil stabilisation across the catchment would assist with reducing diffuse
sources of pollution, and it remains an important goal of the Upper Murrumbidgee
Catchment Management Committee 45. Also, streambank stabilisation is a goal of the
Molonglo Catchment Management Group 46 and the Murrumbidgee Catchment
Management Authority 47.
As mentioned in Chapter 4, the Murrumbidgee Catchment Action Plan 48 has set
targets, and the Molonglo River Rescue Action Plan 2010 49 contains specific
recommendations for the rural parts of the catchment at a local scale. These include:
• fencing of riparian zones to exclude stock, and provision of off-stream
watering points;
• targeted revegetation of cleared banks;
• re-establishment of chain of ponds/swampy meadows styles of rivers where
feasible; and
• establishment of native aquatic macrophytes, reed beds and emergent
vegetation.
In the Murrumbidgee Catchment Action Plan, these (below) are the most relevant
water-resource condition targets (WRCTs) for the Murrumbidgee sub-catchment
above Lake Burley Griffin:
• for turbidity or suspended particulate matter in aquatic environments:
o WRCT1: by 2016 predicted annual average suspended sediment levels in the
Murrumbidgee River are reduced by 15%.
• For surface water salinity in freshwater aquatic environments:
o WRCT2: by 2016 river salinity at Balranald is less than 245 EC for 50% of
the time and less than 320 EC for 80% of the time.
The most relevant water management targets (WMTs) for the catchment in relation
to Lake Burley Griffin are:
• WMT1: stream bank revegetation. By 2016, protect and enhance 1500 km of stream
bank using native riparian vegetation for bank stabilisation and runoff filtration.
• WMT2: structures for river bank stability. By 2016, control stream bank and gully
erosion using structural control works along 50 km of those stream reaches that yield
the highest sediment and nutrient loads.
• WMT3: manage urban storm water. By 2016, facilitate the implementation of local
government integrated water cycle management.
The Murrumbidgee CMA has been involved in considerable work along the
Molonglo and Queanbeyan rivers during 2007–2012, including revegetation and
45

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 95.
Molonglo Catchment Group, 2010, Molonglo River Rescue Action Plan 2010.
47
The Murrumbidgee Catchment Action Plan, Appendix 1, notes a relationship between the NSW Bank Erosion
Control Policy and Water Quality Asset Target WCT1; http://www.murrumbidgee.cma.nsw.gov.au/onlinecap/appendix-1-relationship-of-the-murrumbidgee-catc.aspx/
48
Murrumbidgee CMA, 2012, Murrumbidgee Catchment Action Plan.
http://www.murrumbidgee.cma.nsw.gov.au/about/mcma-cap.aspx/
49
Molonglo Catchment Group, 2010, Molonglo River Rescue Action Plan 2010.
46
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fencing to exclude livestock, in partnerships with local governments and individual
landholders.
Much of the Molonglo Catchment Strategy is also directly relevant for the Queanbeyan
River, but specific action planning has not been carried out at the level found in the
Molonglo River Rescue Action Plan 2010.
For the Queanbeyan and other rivers generating the region’s water supplies,
ACTEW Corporation is funding a five-year Source Water Protection Program (SWPP).
It aims to raise awareness that protecting water supply catchments is an important
and efficient means of minimising the risk to drinking water quality. The SWPP
supports activities, policies and programs that will assist in achieving these goals,
and includes an education and awareness component and a grants and incentive
scheme (ACTEW 2011).
The first two years of the program have improved understanding of current
catchment health. Research has been documenting the condition, status, hazards
and risks across the major catchments. These include potential sources of
contamination, land use activities, and areas of environmental degradation that may
contribute sediment and turbidity to the waterways 50.
The 2011–12 SWPP will continue to build its knowledge of the catchments,
focussing on completing data gaps in the NSW section of the Upper Murrumbidgee
River catchment. The information collected will provide the scientific and technical
basis for making decisions and planning source water protection activities in this
catchment to minimise risk. On-ground works in the Googong catchment will be
prioritised to minimise degradation of the water quality transferred through the
Murrumbidgee to Googong pipeline and to improve water quality entering the
Googong reservoir. Education and incentive programs will continue to promote land
management practices that protect water quality. The SWPP will continue to
consult with and engage ACT and NSW public land managers, policy and decision
makers to reiterate and ensure water supply protection considerations are built into
all aspects of planning and operation in the drinking water catchments 51.
The Murrumbidgee CMA is leading the Actions for Clean Water (ACWa) project, a
new collaborative venture to identify strategies to improve surface water quality
and reduce turbidity in the upper Murrumbidgee River catchment and provide
plans of action over one, three and ten year time frames. This project also involves
the ACT Natural Resource Management Council, Upper Murrumbidgee Catchment
Coordinating Committee (UMCCC), Upper Murrumbidgee Waterwatch, ACTEW
Corporation and ActewAGL 52.

50
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ActewAGL, 2011, Source Water Protection Program. In Annual Drinking Water Quality Report, page 8.
ActewAGL, 2011, as cited above, page 9.
Email from Murrumbidgee Catchment Management Authority to OSCE dated 28 February 2012.
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The current Investigation was unable to locate any planning documents or strategy
specific to the upper Queanbeyan River equivalent to the Molonglo River Rescue
Action Plan 2010.
The Investigation acknowledges and recommends continuation of any action
planning being carried out by groups within the upper Murrumbidgee catchment,
and recommends that the ACT, NSW and local governments and private enterprise
groups involved should continue to support such work, given that the water quality
improvements that may ultimately result will be experienced in the Molonglo River
within the ACT, the Lake and the Googong Reservoir.
8.3.1.2.

Rural-residential settlement

The growth of rural-residential settlements in NSW is a challenge for rural
catchment management. Rural-residential settlements affect catchments particularly
by introducing pollutants from point sources including on-site systems of sewage
management (OSSMs) and as a result of agricultural activities. Soil erosion also
occurs in rural-residential areas, from building and development at least if not from
cultivation. The construction of numerous farm dams for the small blocks can
reduce the natural runoff flow from the catchment.
The ‘Water Quality Snapshot for Western Palerang’ 53 stated that:
…a single map of cumulative water quality risk which incorporates all potential
pollution sites and all pollutant types assessed… shows the concentration of water
quality risks across the expansive rural residential areas are well as the two small
towns [Captains Flat inside the Lake Burley Griffin catchment and
Bungendore outside the catchment].
Rural-residential properties dominate the western edge of the study area bordering
the Canberra/Queanbeyan metropolis. Rural-residential development retains many
of the risks commonly spread across rural areas, such as from gully erosion and
ongoing agricultural activities, while adding higher concentrations of other
pollutant sources such as OSSMs.
Despite this recognition, the implications of the growth in these settlements do not
appear to be addressed at a strategic regional level, particularly in relation to the
implications for the Lake Burley Griffin catchment.
In relation to OSSMs, the ‘Water Quality Snapshot for Western Palerang’ also noted
that pollution risks are regulated through Palerang Council approvals for such
systems. These include requirements for technicians to make quarterly service
inspections of aerated water treatment systems. The Council has also developed a
proactive re-inspection and approval program. However, several shortcomings with
the system were also noted:

53

Palerang Council, Draft Water Quality Snapshot for Western Palerang. September 2011, page 3.
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The relatively high rate of failures detected suggests that … approval periods may be
too long, landholders need better education and service technicians should be better
monitored. Resources should also be allocated to enable locality wide audits to find,
assess and approve all existing systems, requiring landholder to rectify any faults
that may contribute to water pollution 54.
Noting these limitations, and the recent audit of OSSMs for the Palerang area, the
Investigation considers that Palerang Council should continue its recently
intensified approach to managing OSSMs.
Local governments regulate pollution in rural-residential areas through
development of consent requirements relating to water quality impacts. These relate
to erosion (including during building construction), land management (for example,
through requirements for vegetation coverage) and effluent disposal, and are
contained in a number of instruments, as noted in Chapter 4.
8.3.2. Rural catchment management in the ACT and Googong foreshores
As noted in Chapter 4 and above, parts of the Molonglo and Queanbeyan rivers
within the Lake’s rural catchment areas are managed by, or for, the ACT
Government. These are:
•
•
•

foreshores of the Googong Reservoir;
Molonglo River within the ACT (Molonglo Gorge to the Lake); and
Jerrabomberra Wetlands.

8.3.2.1.

Googong Reservoir foreshores

As noted in Chapter 4, the Googong Reservoir is managed by the ACTEW
Corporation, with the foreshores managed by the ACT Government. The objective is
to ensure that any activities in the foreshores do not impact adversely on the area’s
primary purpose of providing a potable water supply.
The Googong Foreshores Draft Plan of Management outlines the primary purpose of the
reservoir as:
the supply of potable water to the Australian Capital Territory and Queanbeyan.
Secondary, but important values of the area are recreation, biodiversity and cultural
heritage. Recreation, in particular, must be managed to ensure compatibility with
the main water supply purpose 55.
As such, the Googong Foreshores area is administered for the purpose of water
quality with limited recreational use that does not impact significantly on water
quality. Finalisation of the Googong Foreshores Draft Plan of Management, developed
in 2007, would provide guidance on implementation of actions to support this.
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Palerang Council, as just cited, pages 50−51.
TAMS, 2007, Googong Foreshores Draft Plan of Management, page 10.
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8.3.2.2.

Molonglo Gorge

For the Molonglo Gorge reach of the Molonglo River the main land uses are
commercial forestry (Kowen Forest plantation), covering 4671 hectares of planted
area, and recreation 56. The gorge and the plantation area is managed by Parks and
City Services (formerly Parks, Conservation and Lands, PCL) within the ACT
Government (Territory and Municipal Services) TAMS Directorate.
This Investigation is not aware of any management issues related to adverse water
quality in Lake Burley Griffin arising from current land use in the Molonglo Gorge.
However, there is also peri-urban development located in this area, for example at
Weetalabah and the Ridgeway in NSW. The potential water quality impacts of this
type of development were noted above.
8.3.2.3.

Jerrabomberra Wetlands

The Jerrabomberra Wetlands are managed by the Jerrabomberra Wetlands Board of
Management, which directs day-to-day operational work by the ACT Parks and
Conservation Service. The Jerrabomberra Wetlands Board of Management, with the
assistance of an ACT Government capital appropriation, is also overseeing the
development of a draft master plan for the further development of the
Jerrabomberra Wetlands Nature Reserve. The master plan is scheduled for release in
mid-2012 to seek public input.
Management arrangements are described in the Jerrabomberra Wetlands Nature
Reserve Plan of Management 2010 (JWNRPoM 2010) 57. The wetlands are part of the
National Capital Open Space System, and the National Capital Plan includes among
Policies for Lake Burley Griffin and Foreshores that:
(c) Jerrabomberra Wetlands will be protected as a wildlife refuge in a National
Capital and urban context, with facilities designed to realise the area’s potential as a
significant conservation and education resource for Canberra residents, tourists and
international visitors 58.
The purpose of that management is primarily nature conservation. One submission
to the Investigation raised questions concerning the purpose of cattle permitted in
the wetlands area, and stated that the cattle had been observed grazing down to the
edge of the Lake.
Currently the ACT Planning and Land Authority (ACTPLA) has issued a Licence to
Occupy Unleased Territory Land to a licence holder that allows grazing on 99 hectares
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TAMSD, n.d., The Plantation Estate in the ACT managed by Parks, Conservation and Lands.
http://www.tams.act.gov.au/play/pcl/parks_reserves_and_open_places/trees_and_forests/forest_land_areas/plan
tation_estate/
57
TAMS, 2010, Jerrabomberra Wetlands Nature Reserve Plan of Management 2010.
58
National Capital Authority, 2007, Consolidated National Capital Plan, incorporating amendments, page 30.
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of the wetlands by up to 60 head of cattle at any one time. The JWNRPoM 2010
states that 59:
Grazing of cattle in the reserve is a continuation of the main land use of the area
since early European settlement and contributes to the rural landscape character.
Exotic grasses in the reserve, especially phalaris, create a large biomass in their
spring growing season and dry off during the summer months to create a fire
hazard, though the risk is less than in many other parts of the ACT (s. 9.4). Cattle
are currently grazed under agistment in the Dairy Flat grasslands and around the
Jerrabomberra Billabongs.
The JWNRPoM 2010 notes that controlled cattle grazing will continue, with
monitoring to ensure that negative effects are minimised and that there is maximum
net benefit to the ecology of the wetlands. Fencing will exclude cattle from sensitive
wetland areas and the riparian areas. However, to date, fencing to exclude cattle
from the water’s edge has not completed.
In relation to longer-term hydrology and water management for the Wetlands and
the Lake, the JWNRPoM 2010 includes the objectives that:
The reserve is not negatively affected by the quantity and quality of water flows from
upstream.
The beneficial influence of the wetlands on downstream flood risk and water quality
is maximised 60.
The beneficial impact on downstream (Lake) water quality is that “In providing a
filter for catchment outflows, the wetlands complement the role of East Basin in the settling
of sediments, uptake of nutrients and die-off of micro-organisms 61.”
The Wetlands have important functions in improving water quality and providing
wildlife habitat, among other things; their function in relation to the Lake’s water
quality needs to be well understood. With such an understanding, the potential for
changed management arrangements to improve the values and function of the
Wetlands and water quality impacts on the Lake could be further explored. The
Jerrabomberra Wetlands Board of Management has identified some potential
changes to the drainage within the Nature Reserve which would benefit nature
conservation, and the process to develop the Jerrabomberra Wetlands Master Plan
will provide a vehicle for consideration of proposals for improvement 62.

8.4. Sewage management
As outlined above in Chapter 5, permitted discharges of treated effluent from the
Queanbeyan City Council Sewage Treatment Plant into the Molonglo River
59
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TAMS, 2007, Jerrabomberra Wetlands Nature Reserve Plan of Management 2010, page 55.
ACT Government, 2010, Jerrabomberra Wetlands Nature Reserve Plan of Management 2010, page 80.
ACT Government, 2010, Jerrabomberra Wetlands Nature Reserve Plan of Management 2010, page 81.
Email from Executive Manager Capital Woodland and Wetlands Conservation Trust to OCSE, 21 March 2012.
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upstream of the Lake can generally be considered beneficial to the Lake in terms of
high levels of nitrate — but occasionally pollute it.
Sewage pollution can enter the Lake when that, and/or other sewerage systems
within the Lake catchment, leak partially treated or untreated sewage. Taken as a
group, these potential sources of sewage pollution are both point sources and nonpoint sources, namely:
• Queanbeyan City Council Sewage Treatment Plant located on the Molonglo
River in the ACT, approximately 10 kilometres upstream of the Lake;
• Fyshwick Sewage Treatment Plant;
• system leakages and failures in the Queanbeyan sewer network;
• system failures and leakage in the Canberra sewer network; and
• sewage from rural catchments that enters the upper Molonglo and
Queanbeyan rivers when there are failures of on-site systems of sewage
management (OSSMs).
8.4.1. Queanbeyan Sewage Treatment Plant operations
Queanbeyan City Council Sewage Treatment Plant (QCCSTWP) is owned and
operated by Queanbeyan City Council under an Environmental Authorisation
issued by the ACT Environment Protection Authority under the Environment
Protection Act 1997.
During normal operations and consistent with its Environmental Authorisation, the
QCCSTWP treated effluent contributes the following permitted pollutants to the
Molonglo River:
•
•
•
•
•

thermotolerant coliforms;
suspended solids and dissolved solids;
nitrogen;
phosphorus; and
BOD.

When situations outlined in Chapter 5 overwhelm the treatment plant, partially
treated sewage can be discharged to the Molonglo River.
8.4.2. Queanbeyan Sewage Treatment Plant: permitted discharges
The QCCSTP’s Environmental Authorisation allows the treated wastewater to carry
concentrations of nitrogen, phosphorus and BOD, as well as faecal coliforms, which
are generally higher than those set out for the most advanced levels of treatment in
the 1997 Australian Guidelines for Sewerage Systems: Effluent management 63. Table 8.4
shows pollutant loads typically contained in wastewater after various levels of
treatment, and the pollutant loads permitted from the Queanbeyan plant 64. The
ANZECC & ARMCANZ, 1997, Australian Guidelines for Sewerage Systems: Effluent management. National Water
Quality Management System.
64
Environment ACT, 2004, Environmental Authorisation under the Environment Protection ACT 1997, no. 0417,
page 3.
63
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QCCSTP is an advanced wastewater treatment plant that achieves relatively
complete treatment but nevertheless does not meet the Australian guidelines for all
discharge parameters for advanced waste water treatment.
Table 8.4: Components of typical sewage discharge at various stages, and authorised
Queanbeyan Sewage Treatment Plant discharge
Treatment level

Biochemical
oxygen
demand
(BOD)
(mg/L)

Suspended
solids
(mg/L)

Raw wastewater

150– 500

150–450

Pre treatment

140– 350

140–350

Primary
treatment

120–250

Secondary
treatment
Nutrient removal

Total
nitrogen
(mg/L)

Total
phosphorus
(mg/L)

Coliforms
cfu/100 mL

35–60

6–16

10 million –
100 million

80–200

30–55

6–14

1 million –
10 million

20–30

25–40

20–50

6–12

100,000 –
1 million

5–20

5–20

10–20

<2

Disinfection
Advanced
wastewater
treatment

< 1000
2–5

2–5

< 10

<1

< 100

Permitted
QCCSTP
discharge 50th
percentile

5

8

30

0.2

200

Permitted
QCCSTP
discharge 90th
percentile

10

20

35

0.3

1000

Sources: ARMCANZ & ANZECC, 1997, Australian Guidelines for Sewerage Systems : Effluent Management, page 42.
Environment ACT, 2004, Environmental Authorisation under the Environment Protection Act 1997, Authorisation
number 0417, page 3.

As indicated in the last two rows of Table 8.4, concentrations of all five components
listed (BOD, suspended solids, phosphorus, faecal coliforms and nitrogen) are
higher in the discharges permitted following advanced wastewater treatment at
QCCSTP than the typical guideline values.
Major upgrades to the Queanbeyan treatment plant have significantly reduced the
concentrations of BOD, total phosphorus and nitrogen in its discharge. On the other
hand, a doubling of the population feeding sewage to the plant during the period
1978–2010 has contributed to a 50 per cent increase in the volume of treated
wastewater discharged. Average Dry Weather Flow (ADWF) has increased from
6 megalitres per day in 1978 to 9 megalitres per day in 2010, although over that time
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concentrations of pollutants have significantly decreased as follows: total
phosphorus (70 per cent less), total nitrogen (30 per cent less), BOD (95 per cent
less). QCCSTWP “appears to now have a low (0.25 mg/L) TP level, well oxidized nitrogen,
and an extremely low BOD (1 mg/L) 65“.
As outlined above (Chapter 5), the nitrogen output is mostly in the form of nitrate
and therefore can be considered beneficial to the Lake. As stated in the Water
Quality Assessment:
Many lakes and reservoirs downstream of large urban areas, have accumulated a
large organic biomass in their sediments, resulting in ‘high reduction’ stress in
bottom waters and sediments – conditions conducive to low oxygen, high production
of NH4+, and Cyanobacteria blooms.
Nitrate (NO3) is viewed as a beneficial nitrogen compound, in terms of its capacity
to oxidize lake sediments previously subjected to high levels of phosphorus and
organic matter loading. The direct injection of nitrate into sediments has been used
as one means of offsetting the potential for reduction of sediments by ongoing
organic matter (Ripl 1994). In a number of ‘eutrophied lake remediation projects’
involving the diversion of sewage effluent away from the lake, exacerbation of bluegreen algal blooms has been observed (Cullen & Forsberg 1988).

Nitrate acts as a significant oxidant in respect to the decomposition of
organic matter. NO3- is reduced to NO2- and subsequently to NH4+
(ammonification). Some NH4+ will then react with NO2- to produce N2(g) (denitrification), diminishing the mass of NH4+ in the bottom water. Denitrification rates for these waters are typically of the order of 30%. viz: high
NO3- waters are able to ‘oxidise’ significant quantities of organic matter,
without significantly increasing bottom water NH4+ levels, taking some of the
demand off the O2 system. It provides a significant buffering of the sediment
reduction process – a decrease in the formation of NH4+ and release of
phosphorus 66.
This Investigation notes that nitrogen discharged as nitrate is potentially beneficial
to the Lake under current circumstances, but it is not clear if nitrate would always
be beneficial to the Lake if the amounts of other incoming pollutants, particularly
BOD from urban catchment sources were reduced.
Nevertheless, the QCCSTWP is a potential point source of pollutants, in the
Molonglo River and the Lake and this Investigation finds it is important to review
permitted pollutant discharges to ensure they meet contemporary standards and do
not contribute to the frequent severe blue-green algae blooms and faecal pollution
events recently occurring in Lake Burley Griffin.

65
66

Lawrence I., 2011, Water Quality Assessment (Appendix A), page 56.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 79.
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This Investigation recommends that the ACT Environment Protection Authority
reconsider the requirements of the 2004 Environmental Authorisation, in
consultation with Queanbeyan City Council.
8.4.3. Queanbeyan Sewage Treatment Plant: failures and overflows
The Water Quality Assessment for this Investigation stated that:
On rare occasions, the Queanbeyan STW has been inundated by extreme Molonglo
River floods, or extreme rainfall over the urban catchment, resulting in the flooding
or wash-out of the maturation pond. In these situations, the maturation pond
normally contains fully treated sewage effluent, undergoing further polishing prior
to discharge to the River…”
Under extreme flood conditions, the Molonglo and Queanbeyan Rivers discharge
contain high numbers of faecal bacteria. Under these conditions, the faecal bacteria
washed out from the Queanbeyan maturation pond is minor compared to the large
loads in the Molonglo and Queanbeyan River flows. However, it does clearly
constitute a human faecal contamination source, and therefore presents a potential
health risk during these extreme events 67.
Removing or otherwise mitigating the threats of inundation and wash out at the
treatment plant would ensure that the requirements of the Environmental
Authorisation are met, and more importantly would reduce or remove the
significant risk of human faecal contamination of the Lake and Molonglo River
during such events.
8.4.4. Queanbeyan Sewage treatment Plant upgrades
As already outlined, the QCCSTP, originally built in 1935 68, has been upgraded
during 1978–2011 and has achieved significant reductions in the concentrations of
suspended solids, nitrogen, phosphorus and BOD in its outputs 69.
That further upgrades are under consideration has been confirmed direct to the
Office of the Commissioner for Sustainability and Environment by Queanbeyan City
Council, supporting reports in the media in April 2011 and March 2012. The Mayor
of Queanbeyan, Councillor Overall, is quoted in the Queanbeyan Age as follows:
…while a nil discharge plant was the ideal proposal for the facility, it would cost
more than double the $30 million the council has set aside to upgrade the existing
facility. A review of the options for upgrading by Hunter Water was under way at
the time. Cr Overall said once the review was completed, the council would put
together a working party - which would include representatives from the council, the
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Lawrence I., 2011, Water Quality Assessment (Appendix A), page 55.
Queanbeyan City Council (n.d.) Queanbeyan Wastewater Treatment Works. Brochure.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 48.
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ACT Environmental Protection Agency, the National Capital Authority and the
Territory and Municipal Services - to consider the options at the facility 70.
The Council is reported to be exploring the option of also using recycled water on
park lands, after the expansion and renewal of the plant, which could reduce its
discharges into the Molonglo River 71.
This Investigation looks forward to the publication of the report by Hunter Water,
and suggests that Queanbeyan City Council should establish its working party as
early as possible.
The population of Queanbeyan is expanding rapidly 72 and will continue to grow.
The Queanbeyan City Council states that “Queanbeyan is one of the fastest growing
cities in NSW with its population expected to increase from 42,000 to around 70,000 by
2036 73”. An efficient and effective sewage collection and treatment system is a
priority to manage the extra sewage produced by this growth if regulatory
standards for treatment are to be met.
8.4.5. Fyshwick Sewage Treatment Plant
As noted above (Chapter 2), sewage from Canberra’s eastern residential and
industrial areas is treated at the Fyshwick Sewage Treatment Plant in ACT. The
treated effluent from this plant is diverted to the North Canberra Effluent Reuse
Scheme and/or pumped to the Molonglo Outfall Sewer Tunnel for further
treatment at Lower Molonglo Water Quality Control Centre sewage treatment plant
on the lower Molonglo River.
While these arrangements divert sewage around the Lake, there is the potential for
treated effluent to be discharged to the Lake during severely wet periods, or in the
case of infrastructure failure (as occurred in December 2010).
This Investigation considers that ACTEW should continue to assess and upgrade
the plant in line with Canberra Sewerage Strategy 2010–2060 74.
8.4.6. System leakages and failures in the Queanbeyan and Canberra
sewer network
In the older suburbs of Queanbeyan and Canberra much of the sewer system
consists of vitrified clay pipes which can leak faecal material possibly into
groundwater and nearby stormwater drainage systems, creating a diffuse source of
faecal pollution. However, the extent of this is unknown.
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The Queanbeyan Age, 2011, Sewage upgrade would need Commonwealth funds. 1 April 2011.
Northside Chronicle, 2012, Sewage treatment plant to get much needed upgrade. 13 March 2012.

The Queanbeyan Local Government Area grew at 2.1 per cent per annum in 2005−2010 according to Australian
Bureau of Statistics 3218.0 Regional Population Growth, Australia 2009-10, Table 1. Estimated Resident
Population, Local Government Areas, New South Wales.
73
Queanbeyan City Council, n.d., A City of Growth, http://www.qcc.nsw.gov.au/Growing-Our-City
74
ACTEW, n.d., Canberra Sewerage Strategy 2010−2060.
http://www.actew.com.au/Water%20and%20Sewerage%20Systems/Sewerage%20System/Sewage%20Treatmen
t%20Plants/Fyshwick%20Sewage%20Treament%20Plant.aspx
Page 115

Investigation into the state of the watercourses and catchments for Lake Burley Griffin

Large storm events can cause the sewer system to exceed its designed hydraulic
capacity. Where this occurs, there can be overflows from sewers and facilities such
as pumping stations. Urban infill also adds to the hydraulic loads of the sewers
increasing the frequency of overflows until the sewer is upgraded.
In the absence of comprehensive information on the extent of age related
deficiencies in the sewer system, an assessment of this aspect of contamination
through leakages from ageing sewer pipes was beyond the scope of this
Investigation. However, the issue requires further assessment and attention.
8.4.7. Sewage from rural catchments
Several other point and non-point sources of sewage and treated sewage effluent
exist in the Lake catchment.
A sewage treatment works at Captains Flat is capable of servicing 500 people. In
addition, there are several large on-site systems of sewage management (OSSMs) in
the area, such as for caravan parks and for the Head Quarters Joint Operations
Command Defence facility 75. Rural properties in NSW and ACT also treat
household sewage in onsite systems of sewage management (OSSMs), including
aerated water treatment systems and septic tanks 76. In some circumstances, OSSMs
can leak sewage into the surrounding soil, as mentioned earlier. The ACT
Department of Health has estimated that there are approximately 400 septic tank
systems around ACT, mainly attached to rural dwellings, but most of these are
thought to be outside the Lake catchment and the total impact from them is thought
to be small 77.

8.5. River flow management
8.5.1. Impacts of Googong Dam
The Water Quality Assessment noted that construction of the Googong Dam on
Queanbeyan River has had a potentially significant impact on the water quality and
ecological processes of Lake Burley Griffin because of diversion of an average of
7 per cent (increasing to a maximum of 50 per cent due to the drought from 2003 to
2010 78) of the Lake’s potential inflow. Reduced inflow means that water moves more
slowly through the Lake.
The primary impact of the reduced flows is an increase in Lake nutrient & algal
equilibrium levels as a result of an increase in flow detention times (time available
for algal growth) and decrease in washout of algae and nutrients 79.
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Palerang Council, 2011, Draft Water Quality Snapshot for Western Palerang.
Palerang Council, 2011, Source Water Protection program OSSM Audit 2010-11 (draft), Palerang Study Area.
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OCSE, 2000, ACT State of the Environment Report 2000, water infrastructure indicators.
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Email from ACTEW to Commissioner, 28 February 2012.
79
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 84.
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Table 8.5 shows the increase in water retention time resulting from the construction
of Googong Dam.
Table 8.5: Annual Lake water retention time for the period 1978–2010
Value
Median

Water retention time (months)
before Googong Dam construction
3.3

Potential water retention time (months)
since Googong Dam construction*
6.0

Maximum

20.0

39.0

Minimum

0.46

0.7

*During ‘wet’ periods or periods of predominant use of Cotter water for potable water supply, there may be spills
from Googong Dam, reducing these retention times (Lawrence 2011, Water Quality Assessment, page 47).

Controlled releases of water are made from Googong Dam for environmental flows
in the Queanbeyan River downstream of the Dam. Current requirements for
minimum flows below Googong Dam, set out in the 2006 ACT Environmental Flow
Guidelines 80. The guidelines require that below Googong Dam there will be a base
flow averaging 10 megalitres per day, or natural inflow whichever is the lesser of
the two, and this requirement also applies during periods when drought restrictions
apply. The Environmental Flow Guidelines also require small floods, to reflect those
that occur in natural flow patterns (termed ‘riffle maintenance flows’), of
100 megalitres per day for one day every two months. Actual releases from the Dam
during 2003–2010 have been largely limited to 12 megalitres per day. During the
drought, the release was reduced to 3 megalitres per day, reflecting the reduced
inflow to the reservoir 81.
8.5.2. Possibilities for increased water flows to the Lake
Inflow of watercourses to the Lake is the major driver of in-lake physical, chemical
and biological processes. It determines the external loadings of suspended solids,
nutrients and organic matter loadings on the Lake, influences the turbidity levels,
mixing of and the washout of nutrients and algae out of the Lake. This suggests that
water flows into, through and out of the Lake could be controlled, via releases from
Googong Dam and Scrivener Dam, in ways that may improve its water quality.
Analysis carried out for the Water Quality Assessment considered several
possibilities.
Large additional flows of water through the Lake may be thought to offer the
possibility of limiting algal growth by washing algae out of the Lake as well as
oxygenating the Lake water. This possibility was analysed for the Water Quality
Assessment but was found to be potentially ineffective as well as expensive.
Although water releases from Googong Reservoir could be made through its multilevel outlet tower, the water will nevertheless be colder than Lake Burley Griffin

80
81

Environment ACT, 2006, 2006 Environmental Flow Guidelines.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 52.
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surface waters over the summer period 82. As a result, large volumes of water
released from Googong Reservoir are likely to plunge to the bottom of the Lake,
with very little mixing and oxygenation occurring within the warmer epilimnion
surface layer. Large volumes of colder inflow may also exacerbate summer algal
growth as a result of the upwelling of nutrient rich bottom water into the surface
water.
Another possibility is that smaller releases of Googong water into the Lake could
reduce the transfer of nutrient rich water from the bottom of the Lake into the base
of the surface water zone. This movement of approximately 37 megalitres per day
of deeper nutrient rich water into the surface water zone contributes to an
environment conducive to cyanobacteria growth. ‘Topping–up’ the Lake by putting
limited amounts of additional water into its surface zone could reduce this transfer
of nutrients.
The sizing of any ‘topping up’ flows would need to compensate for abstraction of
lake water for irrigation as well as evaporation, and take account of any
environmental flows into the Lake. Further analysis is required to determine the
size of, and expenditure on, the increased inflows but the Water Quality Assessment
has costed a range of options ranging from 15 Megalitres per day to 38 Megalitres
per day with costs ranging up to $100,000 per year for the water (Appendix I).
8.5.3. Policy and governance issues raised by higer inflows to the Lake
The need to balance the security of the Canberra and Queanbeyan drinking water
supplies with the environmental and use values downstream of Googong Dam
makes for potentially competing priorities, particularly during dry periods. The
water policy and water security implications of changing the flow releases from
Googong Reservoir, and their potential impact on Lake water quality, should be
evaluated.
This Investigation notes also that the natural flow regime of the Molonglo River
upstream of the Lake has been modified, and that the impact of this on flows to
Lake Burley Griffin is not well known. The Molonglo Catchment Group has stated
in the Molonglo River Rescue Plan 2010, Section 2.5, that:
… it is likely that extraction is exceeding sustainable yields. The full extent of
current ground and surface water extraction and its ecological impact on the
Molonglo River is not known 83.
It is important that any changes to the flow regime from Googong Dam also take
into account modifications to streamflow in the Molonglo River.
This Investigation notes that the legal and institutional arrangements within which
any change in the Googong Dam flow regime would be developed are within the
82

Preece, R., 2004, Cold water pollution below dams in New South Wales: a desktop assessment.
www.water.gov.nsw.au.
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Molonglo Catchment Group, 2010, Molonglo River Rescue Action Plan 2010, page 13.
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control of the ACT Government and of the Australian Government via the NCA.
Through the Canberra Water Supply (Googong Dam) Act 1974, the Australian Capital
Territory Executive exercises the rights of use and disposal of the Googong
Reservoir waters 84.
This Act also requires that environmental needs be taken into account in water
resources management, in the following terms:
(1) It is the duty of the Executive to ensure that the effect on the environment of
anything done or proposed to be done in the performance of its functions or the
exercise of its powers under this Act is fully considered and that all reasonably
practicable measures are taken for the protection of the environment, including
measures by way of the making of appropriate provisions in agreements entered into
by the Executive on behalf of the Territory 85.
The potential benefits of extra volumes of water to be released from Googong Dam
to the Lake, as pulsed flows and/or increased base flows in summer were not
comprehensively analysed by the Water Quality Assessment, but could be
evaluated by scientific modelling.
This Investigation proposes that the ACT Government and the NCA should
consider options for increasing flows from Googong Reservoir into the Queanbeyan
and therefore the Molonglo rivers, in relation to the potential for increasing water
flow through the Lake and improving its water quality.
Possible changes to the flows from Googong Reservoir should be considered by the
full range of regional stakeholders involved: that is, the ACT Government and the
NCA, which are responsible for governance of the Lake as well as the role of
Googong Dam in supplying domestic use water to Queanbeyan, and the NSW
Government and local governments in NSW which manage the Queanbeyan River
and Molonglo River catchments. The Recommendation below covers these matters.

8.6. Summary and recommendations
The water quality in Lake Burley Griffin reflects the overall pattern, composition
and amounts of water and pollutant loads from the rivers, creeks and drainages that
enter the Lake from its sub-catchments, as well as the biological, chemical, and
physical processes that occur within the Lake. However, the overall management of
the sub-catchments and the Lake itself is separated across the governments of
Commonwealth, ACT and NSW.
The Investigation has identified four targets for management interventions directed
towards remediation of Lake environmental and recreational values:
• urban catchments;
• rural catchments;
84
85

Australian Government, 2000,Canberra Water Supply (Googong Dam) Act 1974 (Commonwealth), Section 11.
Australian Government, 2000, Canberra Water Supply (Googong Dam) Act 1974 (Commonwealth), Section 6.
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• sewage treatment and discharge; and
• river flow management.

Urban catchment management
Urban areas are likely to have the greatest impact on the water quality in all Lakes
in Canberra. Increasing urban areas inevitably increase the area of impervious
surfaces such as roads, paths and roofs, significantly modifying the natural
hydrology of a catchment. This leads to increased water runoff and nutrient exports
to receiving waters such as rivers and lakes when catchments are urbanised.
This Investigation has found that organic matter from the urban catchments
(including soil, leaves and other green waste and animal wastes) washed off
gardens, parks, sporting grounds, nature strips, reserves and streets and carried to
the Lake has been identified as a major cause of blue-green algae blooms.
The design of urban development and stormwater drainage systems influences the
water quality of urban lakes. Water sensitive urban design (WSUD) is a
contemporary approach to urban design, for capturing and treating urban
stormwaters and removing some or all of the pollutants they carry. While WSUD
has been applied in many parts of Canberra’s stormwater system, particularly since
the late 1990s, there has been little done to measure its effectiveness. A more
strategic approach to WSUD is needed to ensure the most efficient and effective
combination of WSUD interventions are developed.
While Governments are taking steps to improve the water quality of runoff within
their own jurisdictional areas this needs to be better coordinated through a
consultative approach to the governance of the sub-catchments.
To more effectively manage urban water pollution the following recommendations
are made.

Recommendations on urban catchment management
7. The ACT Government should develop a strategic approach to WSUD. This
should include:
a) Identifying sites where installing catchment intervention, such as
wetlands and pollution control ponds, would improve water quality
entering Lake Burley Griffin. This should include:
i.

ii.

initial feasibility studies into the construction of pollution
control ponds or wetlands on the Yarralumla drainage line and
Jerrabomberra Creek should be undertaken. Any installations
should be designed to be of an appropriate size to treat the
catchment area they service.
identifying WSUD that complement current programs of
installing wetlands and water control ponds in both new urban
areas and retrofitting in existing suburbs where applicable.
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b) Ensuring that WSUD requirements are enforced in particular;
i.
ii.

ensuring that wetlands and ponds are of appropriate sizes to
service their catchments; and
undertaking auditing/compliance arrangements to ensure that
temporary pollution control ponds for sediment control during
the construction phase in new estates are maintained and
functioning effectively.

c) Monitoring the effectiveness of WSUD through improved monitoring
following urban developments to determine whether water quality
meets WSUD general code targets. Results should be used to inform
improvements in WSUD standards.
d) Comparison of ACT approaches to WSUD with those of other
Australian urban areas to help ours remain consistent with developing
technology and best practice.
e) Reviewing the efficacy of existing GPTs. The review should include:
i.
ii.
iii.
iv.
v.
vi.

effectiveness in pollutant reduction;
effectiveness of current maintenance of pollution control
measures
capital costs;
ongoing maintenance costs to ensure the current drainage
infrastructure remains high-standard and is in line with current
best practice, protecting downstream environments;
reduction of polluted leachate water; and
the capacity to manage requirements of future urban growth
and development.

f) working with the NCA and NSW Councils in the catchment to
coordinate a strategic approach across the catchment.
8. The ACT Government, Queanbeyan City Council and National Capital
Authority work collectively to raise awareness of the impact of organic
matter, and other household or commercial materials (e.g. garden and lawn
fertilizers) on the Lake Burley Griffin catchment. Information should include
the contribution that all sectors of the community can make to improving
water quality by appropriately using and disposing of such materials.
9. The ACT Government and Queanbeyan City Council evaluate their street
sweeping practices and schedules to minimise leaf litter and other organic
matter from having adverse impacts on Lake Burley Griffin’s water quality.

Rural Catchment Management
This Investigation has found that changes in discharges of pollutants from the rural
catchments over recent decades have been significant. Rural catchments have been
found to be major sources of phosphorus, organic matter (measured as BOD) and
suspended solids, during wet periods, but they are only minor sources of these
pollutants during dry periods.
Key source of pollutions were found to include soil erosion, pollutants from rural
residential settlements and agricultural activities. However, the implications of the
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growth in rural residential settlements do not appear to be addressed at a strategic
regional level, particularly in relation to the implications for the Lake Burley Griffin
catchment.
In the ACT, effective management of the Googong Foreshores and Jerrabomberra
Wetlands Nature Reserve has the potential to strengthen protection of Lake water
quality.

Recommendations on rural catchment management
To more effectively manage rural water pollution the following recommendations
are made:
10. That the ACT and NSW governments and the National Capital Authority
support planning and implementation of on-ground actions to reduce the
potential for soil erosion in the upper Queanbeyan River, upper Molonglo
River and Jerrabomberra Creek. In doing so active involvement of Palerang
Council, the Molonglo Catchment Management Group, ACTEW and other
NRM groups should continue to be strongly encouraged and supported.
11. That the ACT Government finalise and implement the Googong Foreshores
Draft Plan of Management. The plan should include adequate monitoring,
reporting and review, and mechanisms to ensure effective cooperation
between ACTEW, NSW and ACT in the management of the Googong
Foreshores.
12. That the Jerrabomberra Wetlands Board of Management, ACT Government,
and NCA investigate management of the Jerrabomberra Wetlands
watercourses in improving water quality in Lake Burley Griffin. This should
include:
a) advancing identification and implementation of cattle exclusion zones
in the Jerrabomberra wetlands; and
b) investigating improving the way the Wetlands currently function
through alteration of the watercourses. However any changes should not
detrimentally impact the environmental, cultural, recreational scientific
and educational values of the Wetlands.

Sewage management
Sewage pollution can enter the Lake when sewerage systems within the catchment,
leak partially treated or untreated sewage. Potential sources of sewage pollution are
both point sources and non-point sources and include the potential for leaks from
the Queanbeyan City Council Sewage Treatment Plant or Fyshwick Sewage
Treatment Plant as well as stormwater and nearby sewer pipes following powerful
stormwater events. Despite regular concern regarding the discharges, permitted
under Environmental Authorisation Number 0417 from the Queanbeyan City
Council Sewage Treatment Plant this Investigation found that such discharges can
be considered beneficial to the Molonglo Reach and Lake under current conditions.
However, discharges of partially treated effluent pollute the Lake and compromise
its use values. Regular review and improvement of sewerage system management
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can mitigate some of the potential risk of leakage of partially treated or untreated
sewage into the Lake.

Recommendations on sewage management
To more effectively manage potential pollution from sewerage treatment plants
in the catchment, the following recommendations are made:
13.

The ACT Environment Protection Authority review and update the
Environmental Authorisation number 0417 for sewage treatment within the
Queanbeyan City Council Sewage Treatment Plant to ensure that the
treatment process results in discharge quality that matches contemporary
best practise for a modern, urban sewerage treatment plant. In line with
this, the QCCSTWP should continually review and improve its mitigating
practises for inundation and washout events at the treatment plant.

14.

The ACT Government require ACTEW to report regularly on the condition
of the sewer system in urban areas in the Lake Burley Griffin catchment
and identify priorities for upgrading to reduce sewer blockages and
possible leakages from the system, and reduce the risk of system failures.

River flow management
This Investigation has found that the construction of the Googong Dam on the
Queanbeyan River has had a potentially significant impact on the water quality and
ecological processes of Lake Burley Griffin. Diversion of an average of 7 per cent of
the Lake’s potential inflow has meant that water moves more slowly through the
Lake, increasing nutrient and algal equilibrium levels. There is potential to change
the flow regime and thereby reduce nutrient and algal equilibrium levels and this
should be considered by the full range of regional stakeholders involved. Changes
could include increased minimum flows (base flow) during summer months.

Recommendation on river flow management
15. The National Capital Authority should investigate the feasibility, costs and
benefits of providing water releases, for example increased flow over the
summer months as part of Googong Dam’s multi-objective role. This should
be undertaken in consultation with the ACT and NSW Government, relevant
local government and community stake holders.
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9.

Management of other major recreational
waterways

As well as directing the Investigation to examine the causes of poor water quality in
Lake Burley Griffin, and management to improve the Lake’s water quality (Items iiii), the Terms of Reference also direct the Investigation to explore and report on
Item (iv), “the implication of these findings in relation to Lake Burley Griffin for ACT’s
other major recreational waterways, such as Lake Ginninderra and Lake Tuggeranong”.
The findings of the Investigation in relation to Lake Burley Griffin and its catchment
clearly have implications for the ACT’s other major recreational waterways because
of the similarities between their catchments and the urban sub-catchments of Lake
Burley Griffin. The Investigation has shown that materials entering urban
waterways, which include soil, organic matter, sewage effluent, fertilisers
(particularly the plant nutrients phosphorus and nitrogen) and other chemicals,
adversely affect the health of urban lakes and ponds. The widespread impervious
surfaces in urban areas, combined with drought conditions during 1999–2010, have
created conditions where organic materials and other contaminants have been
readily washed into watercourses during heavy, but infrequent, rainstorms,
resulting in concentrated flushes of pollutants through the stormwater system and
into the receiving waters of urban lakes. As a result, all Canberra’s lakes are likely to
be polluted with decomposable organic matter that creates biochemical oxygen
demand (BOD, which this Investigation has found to be the main factor underlying
blue-green algal blooms in Lake Burley Griffin), as well as phosphorus, nitrogen
and suspended solids.
Like Lake Burley Griffin, other ACT urban lakes and ponds are also subject to
stratification, particularly in dry warm weather, with insufficient mixing in the
water column to oxygenate the bottom waters.
In considering issues for the ACT’s other major recreational waterways, this chapter
of the report looks at:
•
•
•
•
•

the individual waterways of potential interest to the Investigation;
the catchments and water quality of the six principal recreational waterways;
governance and management;
the challenges for management; and
water quality management priorities.

9.1. Major recreational waterways of the ACT
Fourteen urban lakes and ponds in Canberra (Figure 9.1) are specified in the
Territory and Municipal Services Directorate (TAMSD) management strategy set
out in Canberra’s Urban Lakes and Ponds Plan of Management (2001).
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Figure 9.1: Canberra’s lakes and ponds

Source: Canberra’s Urban Lakes and Ponds Plan of Management 1

1

TAMS, 2001, Canberra’s Urban Lakes and Ponds Plan of Management, page 4.
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All 14 waterbodies covered by the Plan of Management provide some kind of
2

recreation or sport amenity. Eleven of the 14 are used for recreation in which
substantial primary contact with water is likely — swimming, wind surfing, sailing,
recreational non-motorised boating, or waterskiing. The eleven waterbodies are:
Lake Ginninderra, West Belconnen Pond, Yerrabi Pond, Gungahlin Pond, Point Hut
Pond, Isabella Pond, Upper Stranger Pond, Lower Stranger Pond, Lake
Tuggeranong, Tuggeranong Weir and Molonglo Reach. Only six have recreational
uses where substantial primary contact with the water is certain or almost certain —
through swimming, wind surfing or waterskiing. These are Lake Ginninderra,
Yerrabi Pond and Gungahlin Pond on the Ginninderra Creek (Figure 9.2), and Lake
Tuggeranong, Point Hut Pond (Figure 9.3) and Molonglo Reach (Figure 9.1).

9.2. Catchments and water quality in recreational waterways
The catchments of Lake Ginninderra (including Yerrabi Pond and Gungahlin Pond
upstream of that lake), Lake Tuggeranong and Point Hut Pond are almost entirely
urban catchments and situated within the ACT. Unlike the Molonglo Reach and
Lake Burley Griffin, there is no high nitrate, low phosphorus contribution to these
catchments to buffer phosphorus release under severe reduction conditions. The
water quality in these waterbodies reflects their position in urban catchments and
their role in intercepting pollutants to protect downstream water quality.
Information on their water quality contained in the 2007 and 2011 ACT State of the
Environment reports reflects this:
Lakes and ponds generally show improvement in water quality between the inflow
points and the dam walls, indicating the lakes are fulfilling the important role of
improving water quality before it discharges into our river systems 3.
Lake Ginninderra has, broadly speaking, high water quality, although during
storm events water quality guideline levels for pollutants are sometimes exceeded.
For the 2008–2011 State of the Environment reporting period, there were a number
of exceedances of the chlorophyll ‘a’ standard during warmer months, indicating
the presence of excessive amounts of algae, and blue-green algae caused some lake
closures for primary contact water sports. There were also exceedances of standards
for turbidity and concentrations of suspended solids, especially at the East Arm site.
This is likely to have resulted from local construction activity. Longer term trends
show that water quality in the lake is generally good.

2

In the two ponds in Dunlop and in Gordon pond, boating and swimming are not permitted, though people can fish
or run model boats.
3 OCSE, 2012, ACT State of the Environment Report 2007–2011.
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Figure 9.2: Ginninderra Creek Catchment
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Figure 9.3: Lake Tuggeranong Catchment
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Reed beds, McKellar wetlands, just upstream of Lake Ginninderra
Image courtesy of Liz Milligan

Gungahlin Pond water quality was within acceptable limits over most of the 2003–
2007 State of the Environment reporting period, but intensive residential
development in the Gungahlin Pond catchment remained a significant limiting
factor in achieving acceptable water quality results throughout the entire reporting
period. However, the 2008–2011 State of the Environment Report stated that:
Longer term trends indicate improved water quality in the Pond, particularly in
dissolved oxygen, conductivity and faecal coliform concentrations.
Lake Tuggeranong showed an improving trend across the measured water quality
parameters over the 2003–2007 reporting period as the expansion of urban area in
the catchment slowed. Lake closures in the summer months during that period
coincided with algal outbreaks. During the 2008–2011 reporting period, the
standards for turbidity were exceeded several times in 2009 and 2010. There has
been a decrease in electrical conductivity since 1998, indicating reduced salt
concentrations. Water quality (especially faecal coliform concentrations) in Lake
Tuggeranong is influenced by the effectiveness of gross pollutant traps.
Table 9.1 indicates that Lake Tuggeranong is subject to frequent extended closures
because of blue-green algal blooms. The high discharge energy of urban stormwater
entering this lake, and the resulting turbulence in its bottom water zone, leads to
transfer of nutrient-rich bottom water into the surface water, which boosts algal
growth in summer. This effect is particularly strong in this lake, which is fed by
large and steep stormwater channels and pipes.
When the Tuggeranong Town Centre and Lake Tuggeranong were planned (1978),
it was recognised that the proposed lake was smaller than ideal, relative to its
catchment and the nutrient load it was expected to accept. A series of upstream
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pollution-control ponds were built as a means of reducing the loading of nutrients
on the lake. A wetland was designed into the northern arm of the proposed lake, to
intercept pollutants from the Kambah and Wanniassa drains. While the ponds have
performed well in intercepting sediment and suspended solids and nutrients, they
also are smaller than ideal, relative to the loads, and the reduction in loading on the
lake that they have been able to achieve has been limited, contributing to algal
blooms in Lake Tuggeranong 4.
Point Hut Pond was regarded as one of the poorer water quality sites in the ACT,
but the 2007 State of the Environment Report noted that water quality results were
improving as the intensive residential development in the catchment wound down.
However, the 2011 State of the Environment Report states that exceedances of
chlorophyll ‘a’, suspended solids and turbidity standards were common during the
reporting period. The standard for phosphorus was exceeded several times in 2007,
and once or twice in 2008, 2009 and 2010. Faecal coliform readings were generally
within the standard during the reporting period. The catchment of Point Hut pond
has experienced a number of severe storms, contributing to some extreme algal
growth events 5.
Molonglo Reach water quality reflects water quality in the Molonglo River and its

rate of flow, as well as the decomposition of organic material deposited by
significant storm events (via urban stormwater) or in flood events (from rural
discharge). The river also carries the treated effluent discharged from Queanbeyan
City Council Sewage Treatment Plant 6. The Molonglo Reach is subject to high levels
of blue-green algal growth. This section of the river has extensive deep stratification
in the summer, unaffected by low flow conditions. It does not wash out blue-green
algae unless there is a flood 7.
Table 9.1 provides information on blue-green algal blooms in urban lakes (and
Molonglo Reach) managed by the ACT Government.
Table 9.1: Alert dates for blue-green algal blooms in ACT lakes
Lake

Date

Alert

Lake Ginninderra

1 week, 1 day from 3 February 2009
13 weeks, 4 days from 11 February 2009

4
5
6
7

Medium
High

13 weeks, 2 days from 18 May 2009

Medium

7 weeks from 22 April 2010

Medium

Email from I. Lawrence to OCSE dated 23 March 2012.
Email from I. Lawrence to OCSE dated 23 March 2012.
Lawrence I., 2011, Water Quality Assessment (Appendix A), page 47.
Email from I. Falconer to OCSE dated 22 March 2012.
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Lake

Date

Alert

Lake Tuggeranong

6 weeks, 2 days from 27 November 2007

High

3 weeks, 2 days from 12 March 2008

High

2 days from 3 February 2009
10 weeks, 2 days from 5 February 2009

Medium
High

13 weeks, 2 days from 18 May 2009

Medium

11 weeks from 28 January 2010

Extreme

6 weeks from 15 April 2010

Medium

4 weeks, 1 day from 10 February
3 weeks from 11 March 2011

High
Extreme

10 weeks, 6 days from 1 April 2011

Lake Closed

Molonglo Reach

1 week, 1 day from 3 February 2009

Medium

Waterski Area

18 weeks, 1 day from 11 February 2009

Source: DECCEW

High

8 weeks, 6 days from 18 2009

Medium

1 week from 14 January 2010

Medium

1 week from 21 January 2010

Extreme

4 weeks from 28 January 2010

High

5 weeks from 8 April 2010

Medium

NOTE: prior to 2010, the lakes were closed to all recreation at ‘high’ levels, and to primary recreation at ‘medium’
levels.

9.3. Governance and management of Canberra’s recreational
waterways and catchments
The roles of the ACT Government and its Directorates in the Lake Burley Griffin
catchment have been described earlier in this report (Chapter 4). Within the ACT,
TAMSD and the Environment and Sustainable Development Directorate (ESDD)
roles are consistent with those described in Chapter 4, with the exception that
TAMSD manages the foreshores of the lakes. Some key governance and
management arrangements are noted here.
The Territory Plan has relevant policies for environmental sustainability:
1.7 Land and water resources will be planned in accordance with the principles of
integrated catchment management and water sensitive urban design. Policies will
seek to protect identified environmental values, whilst focusing on opportunities for
multi-purpose use of resources. Special attention is to be given to protecting sources
of the Territory’s water supply and to maintaining environmental flows in rivers
and streams.
1.11 Policies for environmental planning and management will ensure amenity,
minimise pollution, and protect public health and safety.
The Territory Plan Water Use and Catchment General Code classifies the catchments of
Lake Tuggeranong, Lake Ginninderra and Point Hut Pond as ‘Drainage and Open
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Space Catchments’. Their water use and environmental values are shown in
Table 9.2.
Table 9.2: Water uses and environmental values for Ginninderra, Tuggeranong and Point
Hut Pond catchments
Catchment

Description

Water use and Environment values

Ginninderra
Creek

Headwaters to Lake
Ginninderra

Discharge — stormwater; Aquatic habitat
— lowland streams, urban lakes & ponds,
urban wetlands; Waterscape; Recreation —
boating; Irrigation water supply.

Lake Ginninderra upstream of
Ginninderra Drive

Discharge — stormwater; Aquatic habitat
— urban wetlands; Waterscape; Irrigation
water supply.

Lake Ginninderra –
Eastern arm

Discharge — stormwater; Aquatic habitat
— urban wetlands; Waterscape; Recreation
— swimming and boating; Irrigation water
supply.

Lake Ginninderra –
South basin

Discharge — stormwater; Aquatic habitat
— urban lakes & ponds, urban wetlands;
Waterscape; Recreation — boating;
Irrigation water supply.

Lake Ginninderra –
Main basin

Discharge — stormwater; Aquatic habitat
— urban lakes & ponds; Waterscape;
Recreation — swimming and boating;
Irrigation water supply.

Dam wall to ACT
border

Discharge — stormwater; Aquatic habitat
— urban lakes & ponds; Waterscape;
Irrigation water supply.

Head to Lake
Tuggeranong

Discharge — stormwater; Aquatic habitat
— lowland streams, urban lakes & ponds;
Waterscape; Recreation — boating;
Irrigation water supply.

South Arm of Lake

Discharge — stormwater; Aquatic habitat
— urban lakes & ponds; Waterscape;
Irrigation water supply.

Kambah Wetland

Discharge — stormwater; Aquatic habitat
— urban lakes & ponds; Waterscape;
Irrigation water supply.

North Arm of Lake

Discharge — stormwater; Aquatic habitat
— urban lakes & ponds; Waterscape;
Recreation — boating; Irrigation water
supply.

Lake Tuggeranong
Dam to
Murrumbidgee River

Discharge — stormwater; Aquatic habitat
— urban drains & streams; Waterscape.

Tuggeranong
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Catchment

Description

Water use and Environment values

Point Hut
Pond

Headwaters to
Murrumbidgee River

Discharge — stormwater; Aquatic habitat
— urban lakes, ponds dams, streams;
Waterscape, Recreation — boating;
Irrigation water supply.

Source: abridged from Water Use and Catchment General Code, Part C Drainage and Open Space Catchments,
pages 6–8.

The water uses specified in the Territory Plan reflect the environmental values of the
urban lakes and ponds, including their recreational uses. Canberra’s Urban Lakes and
Ponds Plan of Management (TAMSD) specifies uses for urban lakes and ponds
consistent with those in the Territory Plan, and states that the Lakes Act 1976
provides the administrative mechanisms by which the policies of the Territory Plan
can be applied.
The ACT Guidelines for Recreational Water Quality (2010) specify the water quality
conditions under which public warning signs at lakes and ponds are changed to
reflect current conditions, and when closures to primary or secondary contact uses
of the water are declared. Closures are formally made by ESDD using the powers of
the Lakes Act 1976.
Planning and management functions for the tributaries to Canberra’s urban lakes
and ponds are dispersed across six work units within ESDD and TAMSD.
In addition to the Molonglo Catchment Group, whose role was noted earlier in the
present report, two non-government catchment management groups work within
the catchments of Canberra’s major recreational waterways. These are the
Ginninderra Catchment Group 8 and the Southern ACT Catchment Group 9.

9.4. Water quality challenges for recreational waterways
Canberra’s Urban Lakes and Ponds Plan of Management gives a long-term vision for the
role of our urban lakes and ponds:
To enrich local communities through the aesthetic, recreational, sport, tourism and
ecological values of lakes and ponds, and to provide opportunities for people to be
involved in their use, care and management.
How? Through the ecologically sustainable development and management of urban
lakes and ponds in a manner that provides opportunities for a diverse range of water
based recreation, sporting and tourism activities, consistent with the conservation of
heritage values, flood protection, and maintenance of ecological processes, and by
involving the community in the planning, management and care of lakes and ponds.
There are considerable challenges to achieving this vision of management that could
deliver water quality to support varied recreational uses along with other
8
9

Ginninderra Catchment Group, n.d., http://www.ginninderralandcare.org.au/
Southern ACT Catchment Group, n.d., http://sactcg.org.au/
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conservation, flood protection and ecological maintenance aspects to be realised.
Urban activities, including land development and building construction within the
catchments of the urban lakes and ponds, will continue to generate pollutants that
will cause lower water quality if not intercepted before they enter waterbodies.
Within the catchment of Lake Ginninderra, urban infill is expected to occur in
Gungahlin, with population projected to increase from 50,950 in 2012 to 67,750 in
2018 10. Within the catchment of Lake Tuggeranong, development has largely
stabilised and the population of Tuggeranong is expected to decline slightly over
the years to 2018. However, the substantial number and duration of closures of Lake
Tuggeranong noted above show that the existing water quality control measures in
place upstream of the lake are not adequate to realise the vision in Canberra’s Urban
Lakes and Ponds Plan of Management. Any easing in the current contaminant
pressures on the water quality of Point Hut Pond is also unlikely. In the long-term,
development on the Kowen Plateau in the north-east of the ACT is likely to threaten
the water quality of the Molonglo River above Lake Burley Griffin, including
Molonglo Reach. In the medium term, construction and use of the Majura Parkway
along the valley of Woolshed Creek may also contribute contaminants to Molonglo
Reach.

9.5. Water quality management priorities
Water quality management for Lake Ginninderra, Gungahlin Pond, Yerrabi Pond,
Lake Tuggeranong and Point Hut Pond is within the control of the ACT
Government, ACT citizens and ACT businesses. The ACT will need to apply the
following four principles to ensure that water quality meets the vision of Canberra’s
Urban Lakes and Ponds Plan of Management:
• pollutants must be intercepted at their source and in tributaries upstream of
recreational waterways;
• on-site management of the recreational waterways must apply best practice
and technological developments in water quality management;
• decisions, about the investments required to secure acceptable water quality,
need to recognise the multiple roles performed by urban lakes and ponds,
and take into account the environmental, social and economic values that the
ACT community places on recreational waterways, and the costs and
benefits of those decisions; and
• management and planning of the recreational waterways’ catchments needs
to be integrated across the responsible ACT government agencies.

10

ESDD, 2011, Background paper No 9 Population Growth and Demographic Change. Draft Planning Strategy.
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9.5.1. Interception of pollutants upstream of major recreational
waterways
The current standards for the interception of pollutants in stormwater are 85 per
cent of suspended solids, 70 per cent of total phosphorus and 60 per cent of total
nitrogen, compared to an urban catchment with no water quality controls on a
regional or catchment wide basis (Chapter 8). This Investigation considers that
most of the urban development in the Lake Tuggeranong and Lake Ginninderra
catchments would have met these standards for interception of pollutants, as
required by the 2009 Waterways: Water Sensitive Urban Design General Code, although
their development preceded that Code. However, Lake Tuggeranong, Tuggeranong
Weir, Point Hut Pond and Lake Ginninderra (with its two upstream ponds), are
themselves crucial to achieving adequate interception of pollutants to protect the
quality of water flowing from their catchments — water which is eventually
discharged into the Murrumbidgee River. Given their role in protection of
downstream water quality, the water quality in these lakes and ponds is often
compromised, as shown by the frequency and extended duration of warnings and
closures in response to blue-green algal blooms (Table 9.1). For water quality to be
improved to a standard that always allows recreation involving secondary contact,
there must be either increased interception of pollutants upstream of these lakes and
ponds or greater deployment of in-lake water quality measures as a routine part of
on-site management.
Three broad courses of action are available for the ACT Government to consider in
addressing the water quality issues of the ACT’s recreational waterways:
• the development and implementation of supplementary WSUD standards
for the interception of pollutants upstream of Lake Ginninderra, Yerrabi
Pond, Gungahlin Pond, Lake Tuggeranong and Point Hut Pond, reflecting
their recreational uses involving primary contact;
• the planning and installation of additional ‘retrofitted’ WSUD measures
including gross pollutant traps upstream of these waterbodies; and
• greater deployment of water quality improvement measures within key
recreational waterbodies.
Evaluation and decision-making on specific projects within these courses of action
should take into account the environmental, social and economic benefits that
would arise, on a case-by–case basis.
9.5.2. On-site management of recreational waterways
Chapter 7 of this Report identified a range of measures that could be considered for
trial within Lake Burley Griffin to improve water quality. The measures included
large beds of macrophytes, installation of water mixing devices and re-aeration
systems, and phosphorus adsorption and binding into the Lake sediments.
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For the other major recreational waterbodies in the ACT, similar options could be
considered as special measures to improve water quality. This would supplement
the effects of intercepting suspended solids, nutrients and organic matter (with
resulting BOD) upstream of the waterbodies as outlined above. This Investigation
recommends that these options be considered in developing best practice
management protocols for ACT recreational waterways.
In relation to Lake Tuggeranong and its upstream water quality control ponds, a
number of initiatives to improve water quality have been suggested to the
Investigation and are worth consideration. These include:
• retrofitting wetlands onto branch drains across the catchment;
• incorporating mixers into water pollution control ponds, to increase the
likelihood of waters retaining satisfactory levels of dissolved oxygen,
particularly in calm summer periods;
• modifying existing weir structures to extend the detention of inflows and
attenuation of peak stormflows; and
• constructing a submerged rock weir in Lake Tuggeranong to slow the
occasional rapid inflows of stormwater from Kambah and Wanniassa drains
which, as noted above in Section 9.2, contributes to the availability of
nutrients that boost algal growth.
As noted in Chapter 7, these, and other options such as phosphorus-binding,
require careful evaluation from environmental, social and economic perspectives
before any decisions to implement them can be taken. Small-scale trials could assist
in the evaluation. Any such trials could be carried out in collaboration with the
National Capital Authority, to take advantage of the full range of knowledge
available within the ACT in relation to water quality in recreational waterbodies,
and to assist in sharing knowledge, including trial results.
9.5.3. Integrated management that recognises the multiple roles of
recreational waterbodies
The current management arrangements for Canberra’s key recreational waterways,
encapsulated in the Waterways: Water Use and Catchment General Code and Canberra’s
Urban Lakes and Ponds Plan of Management, recognise their multiple uses, particularly
their role in downstream water quality management. Government decisions about
future water quality management must also take into account these multiple roles,
and be soundly based on a full understanding of them and of the multiple ways in
which the lakes and ponds are valued by the community, the Government and its
agencies.
Results of this Investigation indicate that, at present, there is insufficient shared and
accepted knowledge among ACT Government agencies concerning the benefits,
costs and opportunities to improve water quality in recreational waterways.
Although the current Canberra’s Urban Lakes and Ponds Plan of Management (2001)
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recognises the multi-functional roles of the lakes and ponds, it does not guide
strategic decision-making for these waterbodies in the face of current and future
challenges. The Investigation recommends a review and update of that Plan,
informed by extensive community consultation and taking into account the future
challenges to water quality. This would enable the ACT Government to better
manage the urban catchments and the recreational lakes and ponds.
There has been significant change in urban water management approaches
nationally over the last 10 years, with recognition of:
• the important economic, environmental and social values of urban
stormwater;
• the complexity of land–water interrelationships and impacts; and
• the complexity of the ‘stormwater, wastewater, water supply, rainwater and
groundwater’ streams.
There is also a recognition of the need to consider all these factors on a catchment
wide, integrated and interactive basis.
Development and implementation of integrated catchment management plans are
seen as the primary instruments for responding to these challenges.

Recommendations
The catchments of Lake Ginninderra, Lake Tuggeranong and Point Hut Pond are
situated within the ACT and are almost entirely urban catchments. Urban activities,
including land development and construction, will continue to generate pollutants,
resulting in lower water quality if not intercepted before they enter the waters.
All Canberra’s lakes are likely to be polluted with decomposable organic matter
(measured as biochemical oxygen demand, BOD), phosphorus, nitrogen and
suspended solids — which this Investigation has found to be the main factors in the
development of blue-green algal blooms. Government decisions about future water
quality management must take into account the role of these blooms in downstream
water quality management, recreational use and aesthetic values. However, the
results of this Investigation indicate that, at present, there is insufficient shared and
accepted knowledge among ACT Government agencies concerning the benefits,
costs and opportunities to improve water quality in recreational waterways.
To improve understanding of the role of urban Lakes and enable the ACT
Government to better manage the urban catchments, recreational lakes and ponds it
is recommended that:
16. A comprehensive assessment of the environmental, social and economic
value of key lakes in the ACT be undertaken and take into account current
and predicted challenges to water quality. This assessment should inform:
a) a review and update of Canberra’s Urban Lakes and Ponds Plan
of Management involving extensive community consultation and
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taking into account the long-term challenges to water quality in
the urban catchments;
b) the need for government investments in water quality;
c) decisions regarding trials of appropriate in-lake and catchment
management measures, with the results assessed from scientific
(environmental), social and economic perspectives; and
d) decisions regarding implementation of lake and catchment
management options.
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10. Improving coordination of catchment
management
The management of Lake Burley Griffin and its catchment faces significant
challenges, including from pollutants that contribute to poor water quality in the
Lake.
The Lake is situated in an urban area with an expanding population. The catchment
has urban development over 35 per cent of its land area, and the patterns of water
flows through streams that lead to the Lake are very different from predevelopment patterns. Rural areas of the Lake’s catchment have also been
substantially modified for over a century, by European settlement and land clearing
and mining. Part of the legacy of past and present activities in the catchments is the
store of accumulated phosphorus, a key nutrient for blue-green algal growth, in the
Lake sediments. Under current circumstances there is sufficient phosphorus in Lake
sediments to allow nuisance algal growth for several decades.
The implications of poor water quality in the Lake, and potential management
interventions to improve water quality, were discussed at Chapters 5, 7 and 8 of this
report.
Challenges for management of the Lake and its catchment will intensify, because the
population of the sub-catchments is expected to grow significantly. In the urban
areas alone, Queanbeyan may continue to grow, to around 70,000 people by 2036 1,
and the population of inner North and South Canberra is projected grow by an
additional 13,000 people by 2021. There are also long-term plans for the possible
urbanisation of the Kowen plateau.
In recent decades, approaches to catchment management in Australia have
increasingly sought to consider catchments as whole units with a natural
interdependence between the land, water and other natural resources, rather than as
a collection of disparate components. ‘Integrated catchment management’,
sometimes called ‘total catchment management’, has the objective of improving
“management of land, water and related biological resources in order to achieve the
sustainable and balanced use of these resources 2.” It is defined by the Murrumbidgee
Catchment Management Authority as “a process through which people can develop a
vision, agree on shared values and behaviours, make informed decisions and act together to
manage the natural resources of their catchment 3.”
Despite the widespread acceptance of the importance of integrated catchment
management, no such agreement is in place for the Lake Burley Griffin catchment.
No comprehensive vision or clear agreement on values and behaviours appropriate
1
2

3

http://www.qcc.nsw.gov.au/Growing-Our-City
National Committee on Water Engineering - Engineers Australia http://www.ncwe.org.au/pos_papers/icm.html
accessed 15 March 2012.
Murrumbidgee Catchment Management Authority (2008) Murrumbidgee Catchment Action Plan
http://www.murrumbidgee.cma.nsw.gov.au/downloads/pdf_docs/MCMA009_CAP_Web_P3.pdf
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for achieving any shared or integrated vision for the Lake exists. The divergence of
opinions on the role of Lake is exemplified by the contrasting views of its role as a
large pollutant trap, doing its job by preventing pollution from Canberra and
Queanbeyan reaching the Murrumbidgee River 4, or as an entitlement for all
Canberrans to a clean, usable Lake to enjoy whenever they wish 5.
The lack of a shared vision for the Lake is further exemplified by the absence of any
specific goals in relation to water quality in Lake Burley Griffin from the ACT’s
water resource strategy, ‘Think water, act water’, notwithstanding the importance of
the Lake to the people of Canberra and the National Capital region.
However, in the past, regional, cross-border approaches to aspects of water quality
mangement have been successfully implemented. For example, there were three
infrastructure & legislative-based joint programs, namely: the 1960 Joint
Commonwealth and NSW Soil Conservation Program for the Molonglo and
Queanbeyan catchments; the 1975 Joint Commonwealth and NSW Captains Flat
Mine Waste Pollution Abatement Project; and the 1978 Googong Water Acts
(Commonwealth & NSW).
In addition, the potential value of cross border arrangements to manage water
quality was recognised in the 2006 Memorandum of Understanding (MOU)
between the ACT, NSW, and the Commonwealth on Australian Capital Territory
and New South Wales Cross Border Water Resources 6 (although this was
superseded by the 2008 Queanbeyan Water Supply Agreement 7, which does not
address water quality matters). The superseded 2006 agreement included a purpose,
“to ensure best practice approach to water quality protection, environmental flows and
catchment management.” (4.1.6) It also included the principle “that catchment
management, including in catchments to which ACT water may be supplied in future,
embraces emerging best practice to protect appropriate down stream flows and water
quality.” (6.3.4)
The superseded 2006 Memorandum of Understanding also included a number of
ACT obligations, including: “Managing ACT water so as to ensure an adequate
environmental flow and water quality for Lake Burley Griffin.” (7.1.1)
The retreat from the aspirations of the 2006 Agreement in relation to water quality is
a matter of concern.
This investigation has focused on the causes of poor water quality in Lake Burley
Griffin and other ACT Lakes. As noted in Chapter 4, managing those causes, and
therefore improving water quality, falls within the responsibilities of the multiple
4
5
6

7

Submission 15, page 1.
Submission 6.
Memorandum of Understanding between the Australian Capital Territory and the State of New South Wales and
the Commonwealth of Australia on Australian Capital Territory and New South Wales Cross Border Water
Resources 2006 accessed at http://www.cmd.act.gov.au/__data/assets/pdf_file/0010/119476/actnsw-waterresrces-mou.pdf
Queanbeyan Water Supply Agreement Dated 16th September 2008 accessed at
http://www.parliament.act.gov.au/downloads/exhibits/03E%20ACT,%20NSW%20&%20Cth%20Qbyn%20Water
%20Supply%20A.pdf
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jurisdictions within the Lake’s catchment. Management options to improve water
quality identified by this Investigation are covered either as in-Lake initiatives
(Chapter 7) or catchment-based solutions (Chapter 8). Yet any successful initiatives
to improve water quality in the lakes, must involve a collaborative and integrated
management approach. No single identified solution can provide water quality to
meet all Lake users’ expectations; and certainly not in the short-term. However,
with time, commitment and action across jurisdictions, agencies and subcatchments, achieving water quality levels that meets those expectations fairly
consistently is possible.
All the jurisdictions involved, though divided by the arbitrary lines of
Commonwealth, State, Territory and Council borders, are already fulfilling
important roles in managing water quality issues within their spheres of influence.
However, while they work separately their actions are insufficient to remove the
threats to the ways in which people value Lake Burley Griffin and other ACT lakes
(environmentally, recreationally and aesthetically, and as a central feature of the
nation’s capital).
Neither the Australian, ACT nor NSW (including local councils) Governments has
sole responsibility for the management of natural resources, or regulatory control
(including of water quality) of Lake Burley Griffin and its catchment. Further to this,
there is no standing governance arrangement or forum for guiding discussion or
setting intergovernmental priority actions. Neither is there an established base for
creating a shared vision for the Lake among residents, businesses, and governments
that use and manage the Lake’s catchment. As a consequence, there is an absence of
shared evaluation of possible pathways for addressing the challenges to the Lake
and its catchment into the future.
As Professor Raff says in the governance issues paper (Appendix D):
Without clear authority to take necessary initiatives with respect to the catchment as
a whole, what else can agencies do but adopt reactive postures to the problem 8?
Clearly there will be different and at times competing priorities across the subcatchments, but the achievement of more integrated arrangements to improve the
water quality in the Lake and its catchments will be better served by a coordinated
inter-jurisdictional approach.
This Investigation proposes the establishment of cooperative governance
arrangements for integrated management of the Lake Burley Griffin catchment as a
whole. This would enable a systematic evaluation of alternatives for achieving good
water quality in the Lake — water quality that meets the expectations of the ACT
and regional communities. Again, quoting from the governance issues paper:
The formation of a council or forum ... would provide the capacity for coordination
across the Molonglo catchment of activities with potential effects on water quality,
8

Raff, M. 2011 (Appendix D), page 17.
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while retaining with the agencies and other interested parties direct connection to, if
not “ownership” of the problems 9.
Those expectations should be embedded in a shared vision for the Lake and its
catchment. With sufficient commitment from governments, integrated catchment
management arrangements will also be a mechanism for identifying and prioritising
the considerable financial and material resources needed to address the challenges
of achieving improved water quality.

Recommendation
This Investigation has found that, despite previous calls for co-ordinated
governance of water and an existing MOU on potable water in the catchment, there
is currently no standing governance forum, or other structure, to facilitate
intergovernmental arrangements for the Lake. As a result, there is no mechanism to
prioritise actions, guide discussion or establish a shared vision for the Lake among
the residents, businesses, and governments that use and manage the Lake’s
catchment.
All jurisdictions involved in the management of the catchment are fulfilling
important roles in managing water quality issues. However, without coordination
of their efforts, these actions are insufficient to deal with the threats to Lake values.
The challenges involved in managing the Lake and its catchment will only intensify
as the human population of the catchment grows. Therefore, improving water
quality in the Lake and its catchments will be better served by a coordinated interjurisdictional approach.
To assist in developing a broader, inter-jurisdictional approach to facilitate more
effective management this Investigation recommends that:
17. The ACT, Australian, NSW and local governments establish a Burley GriffinMolonglo-Queanbeyan catchment management agreement. Such an
agreement should outline:
a) strategic objectives for the integrated and coordinated management of
the Lake and catchments, to encompasses water quality, environmental
flows, potable water, land use, wastewater, and future urban and climate
change impacts on the catchment;
b) each party’s responsibilities for water quality in the Lake and its
catchments;
c) a long-term catchment planning framework; and
d) an evidence-based, adaptive, management workplan.
To avoid past challenges of multi-jurisdictional catchment management coordination, such an agreement should include a dedicated governance group
with representation from all jurisdictions, a consistent and persistent

9

Raff, M. 2011 (Appendix D), page 19.

Page 142

Report on the state of the watercourses and catchments for Lake Burley Griffin

mechanism to ensure implementation and accountability, and reporting
requirements.
The National Capital Authority, as Lake manager, should in the first instance
convene a meeting of relevant jurisdictional representatives to guide the
above recommendations.
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“Perception of lakes:
We know that inland waters do not have infinite capacities and cannot regulate themselves
beyond certain limits. Like all ecosystems, they may change and are subject to ecological
succession, that is, a predictable, directional change brought about by the effect of the
relationship between the living and non-living parts of the ecosystem. In the case of Lake Burley
Griffin, management seeks to prevent such changes beyond a certain point because they involve
degradation of the perceived beneficial uses of the Lake.”
Professor Bill Williams, in „Lake Burley Griffin: A body of still water’. Proceedings of a seminar
on the rehabilitation of Lake Burley Griffin, NCDC 1983
Professor Bill Williams was Head of the Department of Zoology, University of Adelaide 1975 to
1994, and Emeritus Professor 1994 until his death in 2002. He provided the foundation
„taxonomy of Australian aquatic fauna‟ guides, and developed the „ecology of Australian inland
waters principles‟. He was a member of the ACT Region Water Quality Study Advisory Panel
1976 – 1978, guiding the development of an ecological understanding of waterways of the Upper
Murrumbidgee Basin, and an advisor in respect to the assessment of Lake Burley Griffin water
quality and ecology in the early 1980s.
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Executive Summary
On the 27th May, the Minister for the Environment and Sustainable Development, Mr Simon
Corbell MLA, directed the Commissioner for Sustainability and the Environment to undertake an
Investigation into the condition of the Lake Burley Griffin water courses and catchment.
Lake Burley Griffin was conceived by Walter Burley Griffin as one of the major axes of the
Canberra Plan, underpinning the symbolic role of the National area. Constructed in 1960 to 63,
today, the Lake is seen by the Canberra community as a key city recreational and activity venue,
providing water based and related recreational opportunities, and attractive foreshore areas for
walking, cycling and picnicking.
Changes in health risk assessment has led ACT Health and the National Capital Authority (the
Lake manager) to issue warnings regarding potential health risks to recreators, and occasional
closure of the Lake. This has impacted on the perception of the Lake as „polluted‟ and
„unreliable‟ as a venue for a range of national sporting events.
In view of the potential for these perceptions to adversely impact on Canberra‟s social amenity
and economy, the Reference Group appointed by the Commissioner of the Environment and
Sustainability and the Environment, recommended that a review of water quality in the Lake be
undertaken, against which changes in water quality and their causes can be assessed, and
improvements for managing water quality can be determined.
This assessment has adopted an „evolving Lake water quality and ecology‟ approach, as
necessary to identify the key factors contributing to the recent decline in the Lake‟s
environmental and use values.
The flooding of impoverished soils, largely stripped of vegetation, at the time of the Lake‟s
filling in 1964, resulted in a body of water low in the nutrients and organic matter normally
required to support biological life. As a result, catchment discharges, rich in nutrients and
organic matter, initially generated plant and animal growth in the Lake.
Gradually, as the Lake sediments accumulated nutrients and organic material, the Lake
developed a capacity to sustain growth, albeit it at a low rate, between catchment discharge
events.
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Seasonal conditions have varied over the 49 years since the Lake‟s establishment. During major
floods, the Lake in fact becomes a river (filling the old floodplain of the Molonglo River),
scouring the bed of erodible silt & organic material, and re-depositing huge quantities of silt,
clay and organic material. In between the major floods and droughts, the normal pattern of minor
to moderate catchment discharges generate a „spike‟ in the Lake‟s low level of biological
activity, with their supply of fresh, highly bio-available organic material.
Then nature imposed an extreme climatic event –10 years of virtually zero rural catchment
inflows. The Lake‟s biological processes switched from simply responding to inputs of energy
from the catchments, to mobilizing the resources within the Lake itself. The algal growth
promoted by bountiful nutrients, sunshine, warmth and long detention periods, grew abundantly.
No longer were there the time constraints imposed by wash-out by rural catchment discharges. In
an environment of light winds - poor mixing of the Lake, the normally benign Green algae were
no match for blue-green algae, buoyed by their flotation vascules. An increase in daily maximum
temperatures, and a decline in wind strengths over the drought period, further enhanced the bluegreen algal dominance.
The statistical assessment of Lake water quality indicated an improvement between the 1982/83
and 1999 to 2009 drought periods in respect to lower phosphorus, as a result of an upgrade in the
removal of phosphorus at the Queanbeyan Sewage Treatment Plant in the mid 1980s. However,
there has been a history of strong blue-green algal growth during periods of low inflow to the
Lake (1977/78, 1982/83 and the 1999 to 2009 drought periods). What has occurred has been the
shift in algal composition, from dominance of the Green algae to dominance by the scum, odourand toxin-producing blue-green algae over these drought periods.
The assessment concluded that under extended drought or „dry‟ conditions, the combination of
poor physical mixing, high temperature, high production of ammonia, and an extended period of
retention, favours the growth of Blue-Green algae and disadvantages Green algae. The
conclusion is that the change in algal composition was predominantly a reflection of the 1999 to
2009 hydrologic and climatic conditions. The assessment identified large urban stormwater
discharges during periods of low River inflows, as the trigger to Blue Green algal blooms. With
increased extreme occurrence in climatic conditions predicted with Climate Change, without
intervention, there will be increasing incidence of these conditions into the future.
The assessment noted a decline in the area and composition of submerged aquatic macrophyte
plants over the 1980s, as a result of light limitation caused by epiphytic growth on the surfaces of
the macrophytes (prior to the Queanbeyan Sewage Treatment Plant reduction in phosphorus
discharge), and high levels of Suspended Solids in inflows. Apart from these changes in
macrophyte systems, there does not appear to be any ecosystem structural change that would
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prevent substantial return to dominance by Green algae upon a return to a more normal set of
hydrologic and climatic conditions.
A comparison of the trophic levels of Lake Burley Griffin with 40 European, North American
and Australian lakes, for which data on phosphorus and algal biomass levels is available,
indicates that Lake Burley Griffin is between the mesotrophic and eutrophic levels, having
summer chlorophyll „a‟ levels well below those of most of the eutrophic lakes identified in the
comparison. Lake Burley Griffin has chlorophyll „a‟ levels greater than Lake Ginninderra but
less than Lake Tuggeranong, and well below levels in Burrinjuck Reservoir prior to remediation
(phosphorus removal from Canberra sewage).
Given their shallow nature, elevated turbidity, and sheltered condition, the biological and
microbial growth rates within the Lake‟s swimming embayments are much more rapid than those
in the open water zones. The statistical assessment of faecal levels in urban stormwater indicates
that it is the major source of faecal contamination of the Lake. Internationally, the „build-up‟ of
faecal contaminants in the sediments of swimming embayments or enclosures is now recognized
as a problem, necessitating a re-think regarding the provision of safe swimming venues for
children.
As is the case with many inland lakes and reservoirs, the sediment data indicates that there has
been a large mass of phosphorus accumulated in the sediments. The release of the phosphorus
into the Lake‟s water column (responsible for algal growth), is predominantly via the release of
sediment bound phosphorus. The bulk (80% during „dry‟ periods) of organic material driving
this release process, is discharged in urban stormwater. In view of the continued growth of urban
areas within the Lake‟s catchment, organic material loading was identified as the major potential
threat to Lake water quality and ecology, into the future.
There appears to be a limited range of practical means to reduce the discharge of organic
material responsible for the release of phosphorus from the sediments to the Lake‟s water
column, and to reduce the extent to which the organic material promotes nutrient release, once in
the Lake.
The Assessment has identified a range of possible management intervention measures. Each
measure carries a different set of jurisdictional, political, social equity and cost ramifications that
will have a large bearing on the viability of each option. Each option will also require
preliminary design and assessment of environmental, social and economic benefits and costs,
before a selection of the preferred options can be made.
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1. Background:
On the 27th May, the Minister for the Environment and Sustainable Development, Mr Simon
Corbell MLA, directed the Commissioner for Sustainability and the Environment to undertake an
Investigation into the state of the water courses and catchment for Lake Burley Griffin.
At its meeting of 28th July 2010, the Reference Group appointed to assist the Commissioner for
Sustainability and the Environment in undertaking the Investigation, identified the need for a
Paper summarising water quality changes in the Lake, against which causes of impacts on water
quality can be assessed, and recommendations on possible improvements for managing water
quality can be determined.
This Assessment is in response to an Engagement by the Office of the Commissioner for
Sustainability and the Environment, to produce a Paper on Lake Burley Griffin water quality, a
comparative assessment of the historical and current water quality within the Lake, consideration
of environmental flows, and recommendations for the short and long term amelioration of water
quality impacts.

2. ‘Lake and its catchment’ water quality assessment framework:
The National Water Quality Management Strategy Implementation Guidelines 1998 provides a
systematic framework for identifying waterway environmental and use values to be protected (or
restored). It also outlines the catchment land and water use and management strategies to secure
the protection of the environmental and use value objectives.
The Guidelines recognize 6 categories of water environmental and use values:
 aquatic ecosystems,
 primary industries (irrigation and general water uses, stock drinking water, aquaculture and
human consumption of aquatic foods),
 recreation and aesthetics,
 drinking water,
 industrial water (no water quality guidelines are provided for this environmental value), and
 cultural and spiritual values.
The Australian & New Zealand Water Quality Guidelines 2000 adopt a strong focus on
management issues rather than individual indicators. Threats to ecosystems or water quality
typically involve a consortium of physico-chemical stressors and modifiers.
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Figure 1. Water Quality Assessment Framework
Description of the water body:
 Available data/info;
 Ecosystem Classification

Range of relevant
guidelines

Define Management Objectives
 Identified environmental & use values to be protected
 Identified guidelines for ensuring their protection

What are the major potential threats to these values?
What are the relevant indicators for assessing these threats?

How does the Lake perform in respect to these indicators & guidelines?
Across which threats does the Lake fail to meet guidelines?

What are the stressors contributing to this impairment?
 in-Lake conditions
 catchment conditions

What are the Lake water quality & ecological responses to these stressors?
What level of amelioration is required to retrieve the Lake values?

What are the management intervention options for restoring
environmental & use values?
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The effect of a particular stressor on biological diversity and abundance, or on water quality,
depends on three major factors: the type of ecosystem, the type of stressors and their pathways
(direct or indirect), and the influence of other environmental factors (modifiers). A „direct‟
stressor, such as a toxicant like copper, acts directly on biota to impair growth. In the case of an
„indirect‟ stressor, the discharge of one contaminant, for example organic material, may cause
oxygen depletion and release of phosphorus, which is bound to iron in sediments, into the water
column in a bio-available form, resulting in algal growth.
The Australian & New Zealand Environment & Conservation Council (ANZECC) Guidelines
for Fresh and Marine Water Quality „decision framework‟ sets out a risk assessment protocol for
assessing the health or water quality of a waterway relative to a set of „trigger guideline values‟.
The values cover the key indicators of the major management issues, a reference system for the
waterway ecosystem category, and management level.
The risk assessment protocol requires comparison of observed indicator values with a low
„adverse biological effect‟ risk „trigger level‟ for each issue and ecosystem. If the observed value
does not exceed the „trigger level‟, there is an acceptable low risk level and no further action is
required. If the „trigger level‟ is exceeded, then further risk assessment takes place.
Three levels of protection (and related reference systems) are prescribed in the Guidelines:
i.
pristine or high conservation ecosystems – „no-change‟ management objective;
ii.
slightly to moderately disturbed ecosystems – maintain or enhance management
objective, with median values within 90 to 95 percentile values for reference system;
iii. highly modified ecosystems (the Lake Burley Griffin category) – selection of reference
system meeting community aspirations or median values within 80 percentile of slightly
modified reference ecosystem.
In summary, the effect of catchment discharges on the water quality and ecology of receiving
waterways depends on three major factors:
i. the type of ecosystem
ii. the type of stressors or drivers in the discharge, and their physical, chemical and biological
pathways (direct or indirect) within the waterway and
iii. the influence of other environmental factors (modifiers) on the physical, chemical and
biological pathways.
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3. Lake values/management objectives
Section 1.2.2 of the National Capital Plan states that Lake Burley Griffin and Foreshores are
intended to provide a range of recreational, educational and symbolic experiences of the National
Capital. Section 5.2 of the Lake Burley Griffin Management Plan designates the Lake water uses
for each of the Management Zones.
The „Zoning of uses‟ adopted for the Lake, recognises the pattern of improvement in water
quality associated with retention (flow distance from the inlet) through the Lake, with Primary
Contact recreational uses located in the downstream Zones. The Zoning also recognizes the key
role of aquatic processes in areas such as East Basin and Yarramundi Reach, and the importance
of protecting the „significant aquatic habitat‟ in these Zones.
Table 3.1. Designated Lake Use Values (Source: Lake Burley Griffin Management Plan)
Management
Zones
Molonglo
Reach

Primary
Contact
recreation

East Basin

Central Basin
West Basin &
Tarcoola
Yarramundi
Reach

Swimming
Triathlons

Secondary
Contact
recreation
Water
skiing *,
canoeing

Small
dinghy
sailing
Sailing

Designated Water Uses
Passive
Significant
Fishrecreation - aquatic
ing
landscape
habitat
Wetland &
riparian
habitats
Jerrabomberra
wetland,
riparian
habitats
National
setting

Discharge
zone
Molonglo
River,
Woolshed Ck
Jerrabomberra
Ck, urban
drains

Irrigat
water
supply

Urban drains
Urban drains

Rowing –
spectator
sports

Water bird
breeding
area

Notes: * The water skiing area is east of the Dairy Flat Bridge, which is outside the designated
National Land area.

Appendix A. „Summary of land and water resource related management guidelines‟, provides an
overview of ANZECC/ARMCANZ, NHMRC, ACT & NCA water quality guidelines
appropriate to lakes such as Lake Burley Griffin. Since the commissioning of this Assessment,
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the NCA has made available their Draft Lake Burley Griffin Water Quality Management Plan
Sept 2011, to the Office of the Commissioner for Sustainability and the Environment. The Draft
Report provides a comprehensive review of the water quality of the Lake, in association with a
review of water quality guidelines appropriate to management of the Lake.
To ensure consistency in reporting, this Assessment incorporates the findings and Benchmark
values of the NCA Draft Report, except where noted in this Assessment. The focus of this
Assessment is on identifying the major threats to the Lake‟s values, and the catchment and inlake processes driving these changes. This understanding then provides the basis for exploring
possible management intervention measures.

4. Major potential threats to values, and related water quality indicators
Six of the major potential threats identified in the ANZECC Guidelines are present in the case of
Lake Burley Griffin.
Major potential threats to Lake environmental values:
i.
changes in micro plant structures & levels as a result of increased levels of nutrients
available in the water column, and changes in nutrient composition:
 Indicators: Chlorophyll „a‟ levels, Algal composition;
 Stressors: high nutrient & organic loading;
ii.
changes in macro-plant structures:
 Indicators: Loss of macrophyte habitat, Chlorophyll „a‟ levels, epiphytic growth,
elevated SS
 Stressors: high nutrient and organic loading, high sediment deposition;
iii. smothering of benthic organisms, depleting benthic organism populations:
 Indicators: Reduction in diversity/numbers of macro-invertebrates, sediment
deposition rates;
 Stressors: high suspended solids discharges and internal re-suspension of
sediments as a result of loss of plant binding of the sediments;
iv.
asphyxiation of aquatic organisms:
 Indicators: loss of respiring organisms, low bottom water DO;
 Stressors: organic material discharged to the Lake;
v.
impairment of the diversity, populations and health of aquatic animals as a result of
changes in pH:
 Indicators: Changes in pH;
 Stressors: changes in pH of waters discharged to the Lake, high algal production;
vi.
impacts on biota as a result of levels of heavy metals:
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Indicators: Reduction in diversity/numbers of macro-invertebrates, heavy metal
levels;
Stressors: heavy metal discharges.

Major potential threats to the Lake‟s use values:
i.
increased incidence and levels of blue-green algae and their associated toxins harmful to
human health:
 Indicators: chlorophyll „a‟ levels, cyanobacteria algal cell numbers, scum
formation, toxin levels
 Stressors: high nutrient & organic loading
ii.
increased frequency of unacceptable pathogen levels (health risk):
 Indicators: faecal bacteria (faecal coliform, Enterococci bacteria)
 Stressors: increased levels of discharge of pathogens in discharges into the Lake
iii. impacts on aesthetic values:
 Indicators: nuisance plant growth (scums & odours), elevated turbidity levels
 Stressors: high nutrient and organic loading, high SS loading, erosion of banks,
loss of macrophyte stabilization of shallow sediment
Based on the indicators of potential threats to the Lake, the following guideline levels have been
adopted for the purpose of this Assessment.
Table 4.1. Assessment of „major threat‟ indicators and „guideline‟ values (Condition of the Lake
assessment)
Threat to Lake values
Change in micro-plant
plant structure

Biota asphyxiation
Smothering of biota
Impacts on human
health: Algal toxins
Impacts on human
health: Pathogens
Impacts aesthetic
values:
 Turbidity;
 Scums/odours

Indicator

Assessment criteria

Draft Mgmt Plan *
Benchmark
30 µg/L
30 µg/L
<25000 cells/ml

Ratio NO3/NH3
NH3
DO
Macro-invertebrate abundance & diversity

15 µg/L
10 µg/L
<50000 cells/ml
or 4 mm3/L
>5
<0.2 mg/L
>4 mg/L
Minor change

Cyanobacteria
Frequency of exceedance of guideline
Frequency of Lake closures
Faecal Coliform
Frequency of exceedance of guideline
Frequency of Lake closures
Turbidity Molonglo Reach;
West Lake & Yarramundi Reach
Chlorophyll‟a‟ Molonglo Reach
West Lake & Yarramundi Reach
Cyanobacteria

<50000 cells/ml
<2/yr average
< 1/yr average
<150 CPU/100ml
<2/yr
<1/yr
40 NTU
20 NTU
15 µg/L
10 µg/L
<50000 cells/ml

<25000 cells/ml

Chlorophyll‟a‟:
 Molonglo Reach & East Basin
 West Lake & Yarramundi Reach
Cyanobacteria
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Impacts of toxicants on Cd, Cr, Cu, Pb, Ni, Zn, Hg
ANZECC2000
biota
values
Notes: * Draft Lake Burley Griffin Water Quality Management Plan. Sept 2011. NCA

ANZECC2000
values

Based on the potential threats to the Lake, the following major stressor water quality indicators
have been adopted as the basis for the Catchment condition assessment.
Table 4.2. Assessment of „stressor indicators and guidelines values‟ (Condition of the catchments
assessment)
Threat to Lake
values

Direct process conditions
Stressors
Modifiers

Nuisance plant
growth

TP

Detention
time; Light

NH3
BOD

Impacts aesthetic
values:
Turbidity;
Scums/odours

SS
TP

TDS,
Detention
time, temp,
mixing, NO3

Impacts of
toxicants on biota

NH3

Temp, pH

Heavy
metals

SS, hardness

Faecal
Coliform
Enterococci
Algal toxins

Org mat‟l –
BOD

Detention
SS
adsorption,
light, NO3

0.2 g/m2/d

BOD

<2 mm/yr
sedimentat
150 CPU per
100 ml
200 CPU per
100 ml
5000 cells/100
ml
40/20 mg/L
0.06 mg/L
Molonglo &
East Basin,
0.04 mg/L
West Lake &
Yarramundi
1.4 mg/L @
200C & pH
7.0
ANZECC
Guidelines

SS

Mixing, reaeration
TDS

Stressor
Guideline
20 mg/L

0.2 mg/L

Asphyxiation of
biota
Smothering of
biota
Impacts on
human health:
Pathogens;
Toxins

SS

Stressor
Guideline
0.06 mg/L
Mol & EB
0.04 mg/L
WL & Yarra

Indirect process conditions
Stressors
Modifiers

Mixing, reaeration
TDS
Decay,
temp.
Mixing

0.2 g/m2/d
<2 mm/yr
sedimentat
150 CPU per
100 ml
200 CPU per
100 ml
5000 cells/100
ml
40/20 mg/L
0.1 g/m2/d

Faecal
Coliform
Enterococci

SS
adsorption

Algal toxin
Turbidity
BOD

SS
adsorption
TDS
Detention,
mixing,
temp, NO3,

NH3

Temp, pH

1.4 mg/L @
200C & pH 7.0

Heavy
metals

SS, hardness

ANZECC
Guideline

5. Condition of the Lake assessment
5.1

Description of the Lake

Lake Burley Griffin was conceived by Walter Burley Griffin as one of the major axes of the
Canberra Plan, underpinning the symbolic role of the National area. Constructed from 1960 to
63, today the Lake is seen by the Canberra community as a key city recreational and activity
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venue, providing water based and related recreational opportunities, and attractive foreshore
areas for walking, cycling and picnicking.
The Lake was created by the construction of Scrivener Dam, a 36 metre high concrete gravity
dam across the Molonglo River, downstream of Black Mountain. The Lake is 9 km long and
covers an area of 634 ha. It has a volume of 33.17 Gl, a maximum depth of 17.6 m at Scrivener
Dam, and an average depth of 5.2 m. The Lake has a shoreline of 33 km, with much of it
comprising natural sloping shores, beaches and inlet zones. As a part of the creation of a formal
setting for the Parliamentary zone, a concrete edge wall was constructed on either side of the
Central Basin area.
Major issues of design and construction at the time included the sizing of flood gates (five 32
metre x 5 metre flap gates) necessary to provide a high level of protection of the Parliament area
against flooding, the management of sediment entering the Lake, and the microbial water quality
in respect to use of the Lake for swimming.
5.2

Lake water quality sampling locations and scope of data

This Section draws on water quality analysis of samples collected from 4 major Lake water
quality monitoring stations (Dairy Flat, East Basin, West Lake & Scrivener Dam), together with
an assessment of water quality in three of the designated swimming Beach facilities. The
assessment has drawn on 33 years of meteorological, streamflow, and water quality data
compiled and maintained by the Bureau of Meteorology, ACTEW/ALS Global, National Capital
Authority/ALS Global, ACT Health and Environment ACT (although some of the data are not
continuous – see table 5.1 below). All of the laboratories engaged in the water quality sampling
and analysis are National Association of Testing Authorities (NATA) registered, and have
maintained full documentation of sampling and analytical procedures and standards. Analytical
methods have changed in some instances, such as the enumeration of cyanobacteria in the 1990s.
Table 5.1. Scope of available data
Station
Molonglo Reach
East Basin
West Lake
Scrivener Dam

Physicochemical
1978 - 2011
1978 - 2011
1978 - 2011
1978 - 2011

Algal/Zooplankton

Hydrology

Meteorology

1978, 1982-2003
1978, 1982-2011
1978, 1982-2011
1978, 1982-2011

1978 - 2010
1978 - 2010
1978 - 2010
1978 - 2010

1978 - 2010
1978 - 2010
1978 - 2010
1978 - 2010

Map 1. Lake Burley Griffin identifies the locations of the monitoring stations assessed in this
Assessment.
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5.3

Lake water ecosystem process categories

Periods of medium to high inflow levels (wet periods) create a significantly different physical
and chemical environment to that prevailing during periods of low inflow levels (dry periods).
Accordingly, it is important that comparisons of Lake water quality and ecology over time are
made in terms of similar physical & chemical environments. For the purposes of this
Assessment, annual inflows greater than 1.5 x Lake volume (50 GL), have been designated as
„wet years‟, while annual inflows less than 1.5 x Lake volume (50 GL), have been designated as
„dry years‟.
It is necessary at this point to outline four key physico-chemical processes central to the Lake‟s
response to discharges into the Lake. Firstly, the physical condition of mixing of water, including
stratification; secondly, the microbially-mediated process of decomposition of organic material
in the sediments and associated „reduction‟ of nutrients and metals in the sediments; thirdly, the
process of adsorption of nutrients, metals and bacteria on the surface of fine clay and silt
particles, and fourthly, photosynthesis & oxidation.
With the onset of summer each year, the surface water of lakes heats more quickly than the
deeper water. As the density of water decreases with rising temperature, the warming of the
surface water creates „lighter‟ surface water and „heavier‟ deeper water, which physically
separates the water column into two layers, a condition termed stratification. The interface
between the warm surface water layer and the cold bottom water layer is termed the
„thermocline‟. Under these conditions, a barrier is created to the normal transfer of dissolved
oxygen from the surface waters, to the deeper waters. Where organic particulates discharged to
the lake, and dying algal cells, sink through the thermocline, into the bottom waters, deoxygenation of the bottom waters and sediments may occur. This leads to the reduction of the
sediments, and the release and accumulation of high levels of highly bio-available nutrients in
the bottom waters. Lake Burley Griffin‟s temperature depth profiles indicate a thermocline depth
range of 4 to 8 metres.
Typically, during early autumn with cooling of the surface water layer, a point is reached where
the temperature of the surface and bottom water layers is equalized, and full mixing of the two
layers occurs, including the dispersion of the nutrient rich bottom water throughout the lake. This
may be the driver of a late „algal bloom‟, depending on temperature and light (turbidity)
conditions. Extensive areas of stratification occur in Lake Burley Griffin over the summer and
early autumn periods, across Tarcoola and Yarramundi Reaches.
Research undertaken by the Cooperative Research Centre for Freshwater Ecology on Canberra
pollution control ponds (Lawrence et al 1998), indicated that low wind travel (strength) over
summer periods resulted in „diurnal stratification‟ in shallow (<3 m depth) waters over summer,
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with the potential for enhanced release of nutrients from the sediments. The same conditions
would apply to shallow areas of Lake Burley Griffin. This is a key factor to understanding
processes in the shallow embayments.
Except during periods of high inflow, the mixing of lake waters is primarily based on wind shear
across the surface of the lakes. The surface turbulence created by the wind, enables the transfer
of gases (O2, N2, CO2) through the Lake water surface film. The wind also creates turbulence
within the surface waters. This mixing energy (or diffusion) is dissipated with depth. Hence, the
ability of lakes to transfer gases and nutrients is dependent on wind. Over Canberra‟s late spring
to autumn periods, wind is typically light, with typical velocities of less than 7 km/hr. As a
result, mixing conditions in the Lake are severely limited, reducing the Lake‟s ability to transfer
oxygen to low oxygen bottom waters, and making the sediments much more vulnerable to
reducing conditions.
Oxidation and reduction processes are akin to the Lake‟s breathing. While reduction is mediated
by heterotrophic and autotrophic bacteria, we describe it in chemical terms. Where there has
been significant build-up of organic material in the sediments of lakes and deep pools, severe
reducing conditions may occur. Reduction reactions occur when the decomposition of organic
material depletes all available oxygen. The on-going decomposition of organic matter leads to
the use of iron and sulfate in the sediments as electron receptors. This modifies (reduces) the
speciation of these molecules (Fe3+ to Fe2+, SO42- to H2S (gas)). This process continues until all
the biologically available organic matter has been consumed by the bacteria, or the transfer of
oxygen through the water column shifts the sediments back to oxidation conditions.
This is a key feature of lakes such as Lake Burley Griffin, where sediment data indicates
significant quantities of (bound) Phosphorus and iron in the sediments. In these cases, the
reduction of Fe3+ (solid) to Fe2+ (dissolved), results in the release of chemically bound
phosphorus back into the water column, with the potential to promote algal growth in the Lake.
Fine particles of clay and silt have a high surface area relative to their mass (high specific surface
area), exposing a large number of cations along their surfaces. These surfaces have a strong
exchange (adsorption) capacity in respect to solutions of other cations and anions in solution,
such as ortho-phosphate. The key exchangeable cations for freshwater systems include Na+, K+,
Mg2+, Ca2+, H+, Fe3+ & Al3+, and key exchangeable anions include Cl-, HCO3-, NO3-, SO42- &
HPO4-. This is the keystone to „indirect‟ processes, where high levels of SS in catchment
discharges result in an enormous adsorption capacity. Research on the fate of orthophosphate in
a sewage effluent discharged to a stream high in SS indicated substantial removal of the
orthophosphate by adsorption onto the fine suspended particles, within minutes of the discharge
(Hart, McKelvie & Grace. 1998).
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Soils of the Lake Burley Griffin catchment contain significant levels of illite (alumino-silicate
mineral) based clays and iron. Adsorption isotherm analysis for Lake Tuggeranong suspended
solids demonstrated high rates of adsorption of phosphorus capacity (Lawrence & Baldwin
1998). The research also demonstrated that significant reduction levels are required to break the
iron binding (de-adsorb) the orthophosphate.
In the presence of light and nutrients (phosphorus & nitrogen), carbon doxide in water is
converted by plants into carbohydrates. This process is called photosynthesis. Carbohydrates
form the energy base for much of the aquatic trophic system. Microscopic plants (algae) formed
by this process, are either consumed by zooplankton, macro-invertebrates and fish, or ultimately
die and settle to the sediments. An important product of photosynthesis is oxygen.
106CO2 + 16NH4+ + HPO42- + 108H2O = C106H263O110N16P1 + 107O2 + 14H+
(Stumm & Morgan 1981)
As noted above, the decomposition of organic material (carbohydrates) by bacteria and fungi,
results in the consumption of oxygen. Hence, the natural process of photosynthesis and reduction
results in a dynamic balance of oxygen, nutrient & H+ (pH) consumption and release in natural
waters. Where there is a need to compensate for minor imbalances in oxygen or CO2, lakes takeup or release these gases in exchange with the atmosphere. Where natural waters are enriched
with discharge high in nutrients or organic material, this balance is modified, potentially leading
to photosynthesis and reduction processes that exceed the capacity of water bodies to balance
oxygen conditions with the atmosphere.
Stratification and mixing, photosynthesis and reduction, adsorption and de-sorption, are all key
physico-chemical processes defining water quality and ecological patterns in Lake Burley
Griffin!
Finally, it is important to note that there are significant differences throughout the Lake as a
result of different primary drivers of algal growth and physical conditions. For example, the
water quality and ecology of inlet zones such as East Basin reflects the dominance of discharges
to the Lake high in SS and organic material, which deposit in the shallow inlet zone. Conversely,
the water quality processes in the deeper open water zones in areas such as West Lake, reflect to
a greater degree the in-Lake cycling of nutrients and organic matter. Hence it is necessary to
review the water quality time series for each of the sampling stations separately.
5.4

General Lake condition – background data

The „background water quality‟ table below indicates a moderate level of alkalinity in Lake
water, providing an important buffer to pH change. The table indicates that sodium (Na+) is the
dominant cation. As a result, there is a low „coagulation of fine silts and clays‟ capacity,
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resulting in elevated turbidity during periods of elevated SS in inflows to the Lake. This is a
natural feature of the Lake‟s catchment soils and runoff.
Table 5.2. Background water quality (Bottom water 8 samples 2007 – 2011)
Value
Dairy Flat
East Basin
Ca mg/L
15 - 20
Na mg/L
17 - 20
K mg/L
3.4 – 3.6
Mg mg/L
7.7 - 10
Mn mg/L
0.042 – 0.042
Si mg/L
5.6 – 5.9
Fe mg/L
1.2 – 1.7
Alk Tot mg/L
92 - 106
77
Source: NCA Lake water quality monitoring program

West Lake
13 - 20
12 - 22
3.1 – 4.1
6.6 – 9.4
0.023 – 0.042
6.8 – 8.7
1.0 – 2.2
67 – 190

Scrivener Dam
12 - 26
12 - 28
3.2 – 4.7
6.5 - 11
0.02 – 0.05
7.4 – 9.5
1.7 – 2.5
64

The Table highlights the significant quantities of iron through the Lake. Ferric iron is a powerful
binder of ortho-phosphate phosphorus, removing the phosphorus from the water column by
sedimentation. The adsorbed phosphorus is stored in the sediments, and is not available for
biological uptake, except under severe reducing conditions in the sediments, when ferric iron is
reduced to soluble ferrous iron. This is possibly the key process controlling algal production in
the Lake.
Total dissolved salts (TDS) (equivalent to 0.70 x conductivity µS/cm), vary in inverse proportion
to inflow. During „wet‟ periods, the Lake TDS reflects the TDS of inflows (70 – 100 mg/L).
During extended dry periods, evaporation losses from the Lake result in concentration of TDS,
which can reach levels of 300 – 350 mg/L. High concentrations of TDS promote coagulation of
fine colloidal particulates (SS), and their removal from the water column by sedimentation
(including adsorbed nutrients, bacteria and bio-film coatings). This leads to the surface water
becoming clearer and significant deepening of the euphotic (light) depth, during dry periods.
Assessment of the Lake surface water temperature indicated a 9% increase in summer average
water temperature over the 1999 to 2009 low inflow period. This reflected, in part, a significant
increase in air temperature over this period, and a reduction in wind strength (leading to
decreased evaporative cooling). A 5 0C increase in summer temperature results in a 30% increase
in biological growth rates, significantly enhancing microbial decomposition rates (through
oxygen depletion in bottom waters) and algal growth rates.
Biochemical oxygen demand (BOD) values for Sullivan‟s Creek highlight the significance of
urban stormwater as a source of organic carbon, driving the sediment redox (reductionoxidation) conditions mentioned above. This is particularly significant in view of the 40%
increase in urban areas draining to the Lake over the 1978 to 2011 period.
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5.5

Assessment of Lake water quality 1978 - 2011

The Lake water quality data time series graphs (Appendix C Figs 4 to 31) indicate a significant
variability in water quality in the Lake over the 1978 to 2011 period, reflecting seasonal
variations in temperature and solar radiation, and climatic variability in alternating „wet‟ (high
runoff – high inflow) and „dry‟ (low runoff – low inflow) conditions.
During periods of high inflow from the rural catchments, water quality processes in the Lake are
dominated by the rural rivers physical sedimentation and re-suspension and wash-out processes.
Consequently, the „in-Lake‟ water quality and ecological processes are masked by the high
inflow conditions. Conversely, during „dry‟ periods, in-Lake water quality and ecological
processes become dominant. The extended dry periods therefore provide a window for
assessment of the condition of the Lake.
Extended dry periods are best identified by high TDS (200 – 300 mg/L) levels in the Lake. Using
this approach, a number of extended dry periods were identified for comparison of in-Lake water
quality over the 1978 to 2011 period. The extended dry periods were August 1982 to May 1983
and August 2007 to May 2009. Table 5.3 compares mean TDS and daily flow values for the two
periods.
Table 5.3 Mean TDS & Molongo River flows for comparison „dry‟ years
Dry year indicators
Mean TDS mg/L
Mean daily flow Ml/d

August 82 – May 83
240
33.1

August 07 – May 09
250
19.7

Nitrogen
Nitrogen is a key nutrient in respect to algal growth. However, it is rarely limiting, and
consequently the major algal management focus is on limiting phosphorus, rather than nitrogen.
Assessment indicators and guideline values for nitrogen:
 Nitrogen/phosphorus ratio > 12 – to minimize potential for nitrogen fixing blue-green
algae;
 Nitrate/Ammonia ratio > 5 – to minimize blue-green algal growth;
 Ammonia < 1.4 mg/L (for protection of aquatic ecology) & Ammonia < 0.2 mg/L (for
minimizing cyanobacteria growth).
The Lake Burley Griffin Water Quality Management Draft Plan recommends total nitrogen (TN)
limits of 1.4 mg/L for East Basin and 1.0 mg/L for West Lake. This recommendation appears to
be based on current levels at these sites, rather than a specific ecological or use value

Page 24

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix A – Water Quality Assessment

24

management objective. The Draft Plan notes that the current higher than usual nitrogen values
does not have any adverse effects on ecology or human health.
The Draft Plan recommends an ammonia limit of 0.1 mg/L. The ANZECC 2000 trigger value is
in fact 1.43 mg/L for total ammonia at a pH of 8 (90 percentile value) or 2.3 mg/L (80 percentile
value).
Early in the assessment period (1978 to 1983), the high level of phosphorus discharged in
Queanbeyan Sewage Treatment Works effluent resulted in an imbalance in the
nitrogen/phosphorus ratio, with outbreaks of a nitrogen fixing blue-green algae (Anabaena)
occurring in the Molonglo Reach in mid to late summer periods. The upgrade of the Queanbeyan
Sewage Treatment Works in 1983 (activated sludge facility with iron based phosphorus removal)
resulted in a significant reduction in phosphorus in the Molonglo Reach (restoration of a
balanced nitrogen/phosphorus ratio), with rare incidence of Anabaena since that time.
Nitrate (NO3-) is viewed as a beneficial nitrogen compound, in terms of its capacity to oxidize
lake sediments previously subjected to high levels of phosphorus and organic matter loading.
The direct injection of nitrate into sediments has been used as one means of offsetting the
potential for reduction of sediments by ongoing organic matter. In a number of „eutrophied lake
remediation projects‟ involving the diversion of sewage effluent away from the lake,
exacerbation of blue-green algal blooms has been observed (Cullen & Forsberg 1988). There is
growing recognition of the value of retaining treated sewage effluent low in phosphorus and
BOD, but high in nitrate, in discharges to lakes previously subject to high sewage nutrient
loading, as a valuable buffer to the reduction of the sediments and associated release of
sedimented phosphorus into the water column. This was the ACT experience in relation to
remediation of Burrinjuck Reservoir. The commissioning of the Lower Molonglo Water Quality
Control Centre (LMWQCC) de-nitrification facility in 1980 resulted in significant exacerbation
of blue-green algal outbreaks. The closure of the de-nitrification facility in 1982 resulted in a
major reduction in algal biomass and a return to Chlorophyta algal dominance.
Ammonia (NH3) however, is a potential concern, both in respect to its enhancement of the
growth of the blue-green algae Microcystis, and its potential for aquatic organism toxicity. The
reduction in organic matter loading on the Lake (maintenance of well oxygenated waters),
together with high nitrate levels, are the greatest defence against generation of ammonia.
Table 5.4 „Lake water quality 2007/09: TN‟ summarises the mean levels of TN for the August
2007 to May 2009 period. The lack of TN monitoring up until 1994 prevented a comparison in
levels between the early and late parts of the period.
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Table 5.4 Lake water quality 2007/09: TN mg/L
Site
Molonglo Reach
East Basin
West Lake
Yarramundi Reach

Mean 82/83
No data
No data
No data
No data

Mean 07/09
2.33
0.88
0.74
0.58

Table 5.5 indicates a significant decrease (35%) in TN values with flow through the Lake, from
the inlet end to Scrivener Dam, as a result of de-nitrification loss to the atmosphere. This level of
de-nitrification suggests a healthy photosynthesis/respiration balance currently exists in the Lake.
This observation conflicts with the concern regarding the decline in bottom water DO, to levels
stressing bottom water dwelling respiring organisms.
Except for the early period (1978 to 1983) at Molonglo Reach, N/P ratios have met the >12
guideline value. Assessment indicates frequent spikes (NO3/NH3 < 5) in bottom water ammonia
levels following stormwater discharges to the Lake. The Assessment indicates that the NO3/NH3
ratio is frequently less than 5 across all monitoring sites, particularly through the drought period.
Failure to meet the NO3/NH3 guideline is less frequent at Yarramundi Reach than for the other
sites.
Table 5.5 Decreases in indicator levels with flow through the Lake (August 2007 – May 2009)
Indicator

Mean values
East Basin
Yarramundi
% reduction
TN mg/L
0.88
0.57
35
TP mg/L
0.049
0.019
62
SS mg/L
16.1
3.8
76
Chlor a µg/L
17.6
6.3
64
T.Algae Cells/ml
53232
14897
72
Cyano Cells/ml
28659
11363
60
Faecal Coliform*
195
105
46
Notes: * means for 2000 to 2010 period ND – No data currently available

2 tailed
probability
<0.0001
<0.0001
<0.0001
<0.0001
= 0.0002
=0.023
ND

Samples
10
10
10
10
10
10

Phosphorus
Phosphorus is generally the critical nutrient in respect to limiting algal biomass growth, and the
primary focus of lake eutrophication management. For Australian inland waters, TP levels vary
significantly in proportion to stream flows and their SS loads (adsorbed P). A substantial
proportion of this TP is removed from the water column by sedimentation of the SS particles.
For „low inflow‟ conditions, the in-lake TP reflects releases from the sediment into the water
column, and the phosphorus contained in the algal organisms.
The Chlorophyll „a‟ versus TP ratio for Burrinjuck Reservoir post LMWQCC commissioning, is
0.25 (Lawrence 2000). This Chlorophyll ‟a‟ to TP ratio is similar to ratios observed by Harris
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1986. Based on in-lake Chlorophyll‟a‟ versus TP ratio of 0.25 value, the following values have
been adopted as the guideline values for this assessment:
 15 µg/L Chlorophyll ‟a‟ target for Molonglo Reach & East Basin translates to 0.06 mg/L
TP;
 10 µg/L Chlorophyll ‟a‟ target for East Basin & Yarramundi each translates to 0.04 mg/L
TP.
The Lake Burley Griffin Water Quality Management Draft Plan recommends a TP guideline
value of 0.1 mg/L. This Assessment adopts more stringent TP and Chlorophyll „a‟ values than
the Draft Plan.
Table 5.6 „Comparison of Lake water quality 1982/83 & 2007/09: TP‟ summarises the results of
statistical analysis of TP values and trends over the 1978 to 2011 period. The analysis indicates
an 80% decrease in TP at Molonglo Reach and a 30% decrease in TP at East Basin, but no clear
indication of change for West Lake or Yarramundi Reach.
Table 5.6 Comparison of Lake water quality 1982/83 & 2007/09: TP mg/L
Site

Mean
82/83

Mean
07/09

Dispersion
– F test
probability
<0.0001

Number
samples

Conclusion

0.055

1 way
ANOVA test
probability
0.001

Molonglo
Reach
East Basin
West Lake
Yarramundi
Reach

0.424

168

Highly significant

0.070
0.033
0.020

0.048
0.036
0.019

0.06
0.44
1.00

0.003
0.71
0.33

25
26
22

Significant
Not significant
Not significant

Table 5.6 indicates a significant decrease (60%) in TP values with flow through the Lake, from
the inlet end to Scrivener Dam, as a result of sedimentation and a decrease in sediment organic
loading in the lower regions of the Lake. The in-lake TP values exceed the Assessment guideline
values in the Molonglo Reach. Other monitoring sites meet the guideline levels.
Assessment of the time series graphs (Appendix C: Figures 5, 10, 16 & 23) indicate frequent
spikes in TP levels associated with high rural catchment discharges to the Lake. There is rapid
decay in the levels following the discharge event, with the sedimentation of SS and their
adsorbed TP. The algal growth spikes appear to be predominantly associated with stormwater
discharges at time of low rural inflow – extended detention times in the Lake.
Suspended Solids
While SS are not directly implicated in promoting algal growth, they are an important modifier
of a number of algal growth related processes, including the adsorption and removal of
phosphorus from the water column, and the modification of euphotic (light) depth during wet –
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high inflow periods. As discussed in Section 6 Condition of Catchments, soils of the Lake Burley
Griffin catchments are typically sandy silts and sandy (moderately dispersive) clays, having a
high capacity for adsorption of phosphorus. When suspended in water, these fine particulates are
extremely stable in suspension. During dry periods, there is a significant increase in Total
Dissolved Salt (TDS) levels in the Lake as a result of evaporation losses. The elevated TDSs
coagulate the fine particulates, thereby enhancing their sedimentation rates.
While elevated turbidity – decreased light depth associated with elevated SS levels – advantages
cyanobacteria algal growth over the growth of Green algae. However, sustained high turbidity
throughout the water column is indicative of strong „mixing‟ within the water column, promoting
the growth of Green algae. Hence, there is rarely a cyanobacteria algal bloom under these
conditions.
The Lake Burley Griffin Water Quality Management Draft Plan recommends a SS guideline
value of 40 mg/L for East Basin and 20 mg/L for West Lake. These values were based on past
patterns of SS at these sites. The mean levels for 2007/09 in Table 5.7 below are within the Draft
Plan guideline values.
Table 5.7 Lake water quality 2007/09: SS mg/L
Site
Molonglo Reach
East Basin
West Lake
Yarramundi Reach

Mean 82/83
No data
No data
No data
No data

Mean 07/09
12
16.8
10.1
4.1

In the case of SS, the lack of SS monitoring up until 1994 prevents a comparison in levels
between the early and late parts of the period. Table 5.7 „Lake water quality 2007/09: SS‟
summarizes the mean values for SS for the 2007/09 period.
Table 5.7 indicates a significant decrease (75%) in SS values with flow through the Lake, from
the inlet end to Scrivener Dam, as a result of extended detention – settling of fine SS particles.
Wind is also a factor influencing SS values in the Lake. Strong NW winds along the Lake create
significant waves, which re-suspend sedimented SS in the shallow East Basin area.
pH
pH is a master variable in relation to chemical equilibrium. The pH levels reflect the pH of
catchment discharges, and the plant production and respiration processes in the Lake. Alkalinity
of Lake water is an important buffer to pH change. The Lake Burley Griffin Water Quality
Management Draft Plan recommends a pH range of 6.5 to 8.5.
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Photosynthesis and reduction processes increase pH, while respiration and oxidation processes
decrease pH levels. Table 5.8 „Comparison of Lake water quality 1982/83 & 2007/09: pH‟
summarises the results of statistical analysis of pH values and trends over the 1978 to 2011
period. It appears that there is little change in this indicator over the 1982/83 to 2007/09 period.
The pH values are well within the Assessment guideline range.
Table 5.8 Comparison of Lake water quality 1982/83 & 2007/09: pH Units
Site

Mean
82/83

Mean
07/09

Dispersion
– F test
probability
0.054

Number
samples

Conclusion

8.03

1 way
ANOVA test
probability
0.15

Molonglo
Reach
East Basin
West Lake
Yarramundi
Reach

7.81

28

Not significant

8.24
8.24
8.22

8.28
8.12
7.99

0.61
0.38
0.09

0.007
0.003
0.005

32
34
31

Not significant
Not significant
Probably significant

Dissolved Oxygen
Dissolved Oxygen (DO) is key to the health of aquatic respiring organisms. Levels of DO also
influence the organic material oxidation/reduction products, as in the case of production of
ammonia rather than nitrate under low DO/anoxic conditions. DO levels reflect variation in
temperature (variation in DO saturation levels), and the balance of Photosynthesis oxygen
production and Respiration oxygen consumption.
Where excess organic material loading occurs, a serious imbalance in photosynthesis/respiration
(P/R) may occur in summer periods, resulting in severe depletion of DO levels. The time series
Oxidation – Reduction indicators Figures 7, 12, 18 & 19, and 25 & 26 demonstrate DO peaks
around mid-winter (low temperatures – high DO saturation concentrations & low rates of
bacterial decomposition of organic matter) and troughs in mid-summer (high water temperatures
– low DO saturation concentrations & high rates of microbial decomposition). The Figures also
indicate elevated bottom water ammonia and TP levels, in association with low bottom water DO
conditions. The Lake Burley Griffin Water Quality Management Draft Plan does not set a
benchmark value for DO.
Table 5.9 „Comparison of Lake water quality 1982/83 & 2007/09: Bottom water DO‟
summarises the results of statistical analysis of bottom water DO values and trends over the 1978
to 2011 period. The analysis indicates a 35% decrease in bottom water DO at West Lake
between the 1982/83 and 2007/09 periods (significant statistically). This trend indicates a
situation of increased loading of organic material on the Lake, potentially leading to increased
production of ammonia and enhancement of blue-green algae.
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With just one exception (following December 2010 flood), surface water DO is above the 6.0
mg/L ACT guideline values throughout the 1978 to 2010 period.
Table 5.9 Comparison of Lake water quality 1982/83 & 2007/09: DObottom water mg/L
Site

Mean
82/83

Mean
07/09

Molonglo
Reach
East Basin
West Lake
Yarramundi
Reach

7.8

No data

No data
8.02
5.57

No data
5.22
4.26

1 way
ANOVA test
probability

Dispersion
– F test
probability

Number
samples

Conclusion

0.07
0.29

0.015
0.61

23
22

Significant
Not significant

Table 5.10 Frequency of DObtm< 4.0 mg/L (Number/yr)
Period
Aug 82 to May 83
Aug 07 to May 09

West Lake
1.0
3.5

Yarramundi Reach
3.0
3.0

Chlorophyll ‘a’
Chlorophyll „a‟ is a green pigment in plants responsible for their adsorption of the sun‟s energy
by the plants. It provides a useful measure of algal biomass. Lakes having Chlorophyll „a‟ levels
in the range of 5 - 15 µg/L are designated mesotrophic lakes, while those having Chlorophyll „a‟
levels greater than 15 µg/L are designated as eutrophic lakes. In view of the huge range in algal
sizes (2 orders for the more common freshwater algae), Chlorophyll „a‟ does not provide a
reliable guide to total algal cell numbers. Figure 32 „Trophic comparison of lakes‟ provides a
trophic based comparison of lakes, including Lake Burley Griffin. The chart places Lake Burley
Griffin on the meso – eutrophic boundary.
This Assessment proposes the adoption of 15 µg/L for Molonglo Reach and East Basin, and 10
µg/L for West Lake and Yarramundi Reach. These values are based on the level of Chlorophyll
„a‟ beyond which an unacceptable incidence of blue-green algal blooms has been observed.
However, it is important to acknowledge that Chlorophyll „a‟ is a coarse indicator of the risk of
algal blooms – there are a range of complex factors that influence the algal biomass levels
beyond which cyanobacteria blooms may become a problem. The Lake Burley Griffin Water
Quality Management Draft Plan recommends a Chlorophyll „a‟ value of 30 µg/L, based on the
pattern of Lake algal levels over the last 15 years.
While Table 5.11 „Comparison of Lake water quality 1982/83 & 2007/09: Chlorophyll „a‟‟
indicates reductions in Chlorophyll „a‟ for all sites between 1982/83 and 2007/09, the scatter in
the data is such that the difference between the means for the two „dry‟ periods is not statistically
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significant.. A reduction (64% - statistically significant) in Chlorophyll „a‟ levels is apparent
with flow through the Lake.
Table 5.11 Comparison of Lake water quality 1982/83 & 2007/09: Chlorophyll „a‟ µg/L
Site

Mean
82/83

Mean
07/09

Dispersion –
F test
probability
0.09

Number
samples

Conclusion

24

1 way
ANOVA test
probability
0.37

Molonglo
Reach
East Basin
West Lake
Yarramundi
Reach

32.6

19

Not significant

30.7
10.1
6.3

15.3
7.7
5.7

0.136
0.50
0.91

0.001
0.081
0.065

25
26
22

Not significant
Not significant
Not significant

Mean Chlorophyll „a‟ levels at Molongo Reach exceed the Assessment criteria values for both
the 1982/83 and 2007/09 periods. Mean Chlorophyll „a‟ levels at East Basin exceed the
Assessment guideline values for the 1982/83 period, but met the guidelines for the 2007/09
period. Both West Lake and Yarramundi mean levels are within the Assessment criteria values
throughout the 1978 – 2011 period.
Total algal cells & cyanobacteria cells
The term „algae‟ is used to identify a group of photosynthetic organisms not included among the
mosses, liverworts or the vascular plants. It includes both eukaryotic cells (plants) and a group
(cyanobacteria) of prokaryotic cells (bacteria). (Entwisle, T.J. et al 1997)
Lake Burley Griffin supports a diverse range of algae, with a strong seasonal succession evident
from spring, through summer, into autumn periods. While a comprehensive range of algal genera
have been surveyed over the 1978 to 2011 period, this Assessment has focused on the three
major algal divisions – the yellow to light brown Bacillariophyta (diatoms), the green
Chlorophyta, and the blue-green Cyanophyta divisions of algae. A number of the Cyanophyta
genera have the potential to develop toxicity. Both Microcystis and Anabaena have the potential
for development of toxins, and have been recorded in Lake Burley Griffin.
As noted above, there is a significant range in algal sizes. Chlorophyta (Green) and
Bacillariophyta (Diatoms) algae typically (with a few exceptions) have a size range of 10-6 to
10-7 mm3. The cyanobacteria (blue green) algae are generally much smaller, ranging from 10-8 to
10-9 mm3. The Assessment and Draft Plan guideline level for cyanobacteria cells is 50,000
cells/ml.
Table 5.12 & 5.13 Comparison of Lake water quality 1982/83 & 2007/09: Total algae &
cyanobacteria respectively, indicate increases in algal cell numbers between the 1982/83 to
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2007/09 periods for Yarramundi Reach. The scatter of values for East Basin and West Lake do
not permit any statistically valid conclusion regarding trends for these sites.
Tables 5.12 & 5.13 indicate a significant (60 to 70%) reduction in both Total algae and
cyanobacteria cell numbers, with flow through the Lake. This pattern is critical in respect to the
siting of primary contact recreational areas.
Table 5.12 Comparison of Lake water quality 1982/83 & 2007/09: Total Algae Cells/ml
Site

Mean
82/83

Mean
07/09

Molonglo
Reach
East Basin
West Lake
Yarramundi
Reach

51056

No data

37449
16117
12250

42368
18059
13366

1 way
ANOVA test
probability

Dispersion
– F test
probability

Number
samples

Conclusion

0.37
0.44
0.16

0.355
0.006
0.003

25
26
22

Not significant
Not significant
Not significant

Table 5.13. Comparison of Lake water quality 1982/83 & 2007/09: Cyanobacteria cells/ml
Site

Mean
82/83

Mean
07/09

Molonglo
Reach
East Basin
West Lake
Yarramundi
Reach

34639

No data

24316
12250
726

14827
11889
9724

1 way
ANOVA test
probability

Dispersion
– F test
probability

Number
samples

Conclusion

0.80
0.46
0.17

0.036
0.085
<0.0001

16
19
12

Not significant
Not significant
Not significant

Assessment of the time series graphs (Figures 8, 13, 20 & 27) indicate frequent cyanobacteria
blooms during „dry‟ periods, for all sites except Molonglo Reach, well in excess of the guideline
value.
Table 5.15. Summary Tables for cyanobacteria & faecal coliform Guideline exceedance events,
indicates highest incidence of blooms over the „dry‟ years, with an average frequency of 2 bloom
events/yr, in exceedance of Assessment guideline values for West Lake.
Faecal coliform
Levels of faecal coliform in the Lake reflect the levels in catchment discharges to the Lake, and
in particular, the urban stormwater discharges, the faecal droppings of birds and other mammals
in the Lake, and re-growth of sedimented Coliforms.
Up until 2008, faecal coliform (or Escherichia coli) were used as the indicator of faecal pollution
of recreational waters. In view of the unreliability of faecal coliform as an indicator of faecal
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pollution of freshwaters, the NHMRC 2008 recommended the adoption of Enterococci for use as
an indicator of faecal pollution in Australian freshwaters. The Assessment guideline for
evaluation of the „Condition of the Lake‟ is the previous NHMRC faecal coliform guideline of
150 CPU/100 ml. Because a reliable correlation between faecal coliform and Enterococci has not
yet been developed for the Lake, faecal coliform has been used to provide the time based
assessment of changes in the Lake over time.
Table 5.14 Lake water quality 2000 to 2010: Faecal Coliform (CPU/100 ml)
Site
Mean 82/83
Mean 2000 – 2010
Molonglo Reach
East Basin
West Lake
Yarramundi Reach

No data
No data
No data
No data

152
195
217
105

A comparison of 1982/83 and 2007/09 values was not possible for faecal coliform, due to
missing data for the period prior to 1988. However, faecal coliform monitoring during the 1970s
and early 80s identified a number of faecal contamination events, resulting from sewage spills
from Queanbeyan Sewage Treatment Works and Morriset St Pump Station, and sewer capacity
constraints within the Sullivan‟s Ck catchment.
Average values for the period 2000 to 2010 are shown in Table 5.14. There is no pattern of
decline in numbers with flow through the Lake in this case, indicating additional faecal pollution
from urban stormwater discharges directly to the Lake from adjacent urban catchments..
Table 5.15 provides a list of the number of faecal coliform guideline exceedances for the period
1978 to 2010.
The records indicate an average exceedance of 0.2/yr for the period 1988 to 2010 for West Lake.
A number of the faecal coliform events in Yarramundi Reach are classic „re-growth‟ situations,
occurring in late summer (collapse of algal biomass), with numbers from 5000 to 14,000
CPU/100 ml, and in an area remote from any stormwater discharge (source of possible
contamination).
While the incidence of faecal indicator level exceedances of the Guideline value are probably
similar for the early 1980s and the 1999 to 2010, the frequency during the 1980s was primarily
point source related spills/overflows and non-point source sewer leakage. For the period 1999 to
2010, the frequency of exceedances reflects a number of factors, including non-point source
house connection leakage, wildlife excreta, and re-growth on faecal bacteria indicators.
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Table 5.15. Summary Tables for cyanobacteria & faecal coliform Guideline exceedance events
Year
1982
1983
1984
1985
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2004
2005
2006
2007
2008
2009
2010
Total

5.6

Mol R.
2
3

Cyanobacteria cell levels
East B
West L
Yarr R
2
4
3
2
2

2

1

Mol R.

Faecal Coliform levels
East B
West L

1
2
1
1

1
3
3
3
1
2
1
1
1
1

1

7

4
2
10

1
1
3
13

Yarr R

1
1
1
1
1
3
14

2
6

1
1
1

1
3
3
2
1

20

3

5

1

1

7

Beach embayments condition

As part of developing the recreational potential of the Lake, a series of swimming beaches were
developed in the late 1960s/early 1970s. Sites were selected on the basis of:
 locations well downstream of significant discharges to the Lake (in order to maintain a
high bacteriological water quality, suitable for swimming);
 locations having shallow - gently sloping beds, and some measure of separation from the
open water recreational activities (for the safety of children using these facilities).
As a result, the beaches were located within the West Lake area. With the exception of the Black
Mountain beach, the swimming locations comprised local embayments at Yarralumla Beach, and
Weston Park East and Weston Park West beaches.
Over the last 10 years, these sites have been subject to greater incidence of elevated faecal
coliform, and cyanobacteria algae levels than for the adjacent open water Lake areas. This
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Section presents a review of water quality performance for these embayments. Regular
monitoring of the beaches, separate from the Lake open water monitoring, has only recently been
established, so the period of records for the embayments is limited.
Levels of faecal coliform in the Lake are the result of inflows to the Lake, and in particular, the
urban stormwater inflows, production by water birds and other mammals in the Lake, and regrowth of sedimeted coliforms under suitable temperature and organic material (macrophytes,
algae, organic detritus) breakdown conditions. Escherichia Coli was used in the past as
indicators of human faecal contamination. However, in view of its unreliability as an indicator of
faecal contamination, the NHMRC has recently recommended the adoption of Enterococci for
use as an indicator of faecal pollution in Australian freshwater.
Table 5.16 Summary of cyanobacteria, faecal coliform & Enterococci values for the
Embayments (Sept 2007 to April 2011)
Indicator
Cyanobacteria (Cells/ml)
Faecal Coliform (CPU/100 ml)
Enterococci (CPU/100 ml)
Number of days exceedance of
cyanobacteria Guideline value
Number of days exceedance of
Enterococci Guideline value

Yarralumla Beach
451,440
69.4
122.9
8

Embayment
Black Mnt Beach
24,632
90.9
120.4
8

Weston Beach
12,284
92.8
194.5
8

5

14

17

The time series plots (Figures 29 to 31) indicate extreme levels of cyanobacteria, faecal
coliforms and Enterococci for the 3 Beaches. While Table 5.16 indicates that the cyanobacteria
mean values for the Black Mountain Beach and Weston Beach are significantly lower than for
Yarralumla Beach, statistical analysis indicates a non significant difference between these
means. Similarly, there is no statistical significant difference between the mean Enterococci
values across the three beaches.
Since 2009, Enterococci has been used as the indicator. Monitoring has indicated 16
exceedances of the Assessment criteria value for Yarralumla Beach, 10 exceedances for Black
Mountain Penninsula Beach, and 15 exceedances for the Weston Park Beach.
The Weston Beach embayment has by far the greatest level of enclosure, protecting it from highwind blown algal scums, but as a result of poor mixing, retaining much of the faecal coliform &
Enterococci generated in the embayment. While Yarralumla Beach has marginal levels of
enclosure, it is on the windward side of the Lake in respect to prevailing NW wind, resulting in
significant accumulation of wind-blown scum in the embayment. The Black Mountain Beach is
the most open site, and its NW to SE orientation means that there is minimal accumulation of
blue-green algal scum on the beach, and greatest dispersion rate of locally generated faecal
coliform and Enterococci.
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The comparison between the 3 Beaches, and with the adjacent „open water‟ West Lake
monitoring site, indicate that shallow (warm) water, poor mixing, and high wind-blown algal
scum accumulation, are all major factors contributing to the severity of algal and bacteria
problems in the Beach areas.
5.7

Sediment condition

As noted previously, the sediments play a key moderating role in respect to the storage,
modification and release of nutrients, determining Lake water quality and ecology responses.
The Table 5.17A indicates a number of significant features:
 the large mass of phosphorus stored in sediments;
 the high mobility (variation in levels) of nitrogen;
 the high organic carbon content of the sediments and associated sediment BOD loading
on the Lake; the moderate Sulfate levels, and the significant variation in levels, indicating
significant levels of sediment accumulation (CaSO4 & metal sulfide sedimentation), and
sediment reduction (H2S (g) release) during summer periods; and
 the significant range in values reflects the heterogeneity of sediments, and the mobility of
oxygen, nitrogen, carbon, and iron and sulfate, as key redox (reduction-oxidation)
process components.
Table 5.17A. Lake sediment values: Nutrients (8 samples 2007 – 2011)
Value
TP mg/kg
TN mg/kg
BOD mg/kg
TOC %
SO4 mg/kg

Dairy Flat
500 - 1000
1000 - 6700
1600 - 6360
1 – 7.6
20 - 200

East Basin
270 – 340
1600 - 1900

West Lake
360 – 670
1400 - 3200

Scrivener Dam
450 – 650
3000 - 3300

0.8 – 3.1
160 - 950

1.4 – 3.5
26 - 190

3.0 – 3.1
58 – 220

Source: NCA Lake water quality monitoring program

Table 5.17B Lake sediment values: Heavy Metals (8 samples 2007 -2011)
Value
As mg/kg
Cd mg/kg
Cr mg/kg
Cu mg/kg
Hg mg/kg
Ni mg/kg
Pb mg/kg
Zn mg/kg

Dairy Flat

East Basin
3-4
0.5 – 1.2
12 - 17
14 - 28
<0.1 – 0.2
10 - 15
28 - 55
420 - 790

West Lake
2-7
0.2 – 1.0
13 - 43
10 - 51
<0.1 – 0.2
11 - 29
19 – 89
160 - 780

Source: NCA Lake water quality monitoring program

Page 36

Scrivener Dam
6-9
0.5 – 0.8
29 – 32
34 – 37
<0.1 – 0.2
19 – 22
71 – 85
470 - 580

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix A – Water Quality
Assessment
36

With the exception of zinc and lead, the heavy metal values are within the ANZECC 2000
Guideline values for heavy metals content of lake sediments. Prior to the stabilisation of the
Captains Flat Mine Dumps, significant quantities of heavy metals were reaching Lake Burley
Griffin in Molonglo River discharges.
The implied high level of iron present in Lake Burley Griffin sediments would maintain a high
AVS/SEM ratio, minimizing the potential for mobilization of the heavy metals. (AVS - Acid
Volatile Sulfides – iron & manganese mono-sulfides; SEM - Simultaneous Extractable Metals cumulative mass of Cd, Cu, Ni, Pb, Zn).
Unfortunately, the sediment analysis has not included an assessment of total iron levels in
respect to binding of PO4. Values of iron in the sediments of Canberra pollution control ponds
range from 10,000 to 20,000 mg/kg of sediment (Lawrence et al 1998), representing a PO4 –
phosphorus bonding capacity of the order of 5,000 to 10,000 mg/kg of sediment. Burrinjuck
Reservoir sediment iron levels range from 1200 to 4140 mg/kg (Dept of Construction 1978).
5.8

Macrophyte ecosystem condition

Annual surveys were undertaken of the macrophyte beds across Lake Burley Griffin 1978 to
1989, by Chris Nazer, Department of Capital Territory.
Table 18. Seasonal growth of macrophytes (ha)
Year
1966
1967
1968
1969
1970
1971

Cover (ha)
17
10
17
18
8
4

Source: Cullen 1991

Year
1972
1973
1974
1975
1976
1977

Cover (ha)
29
15
22
29
22
52

Year
1978
1979
1980
1981
1982
1983

Cover (ha)
11
33
8
23
24
6

Year
1984
1985
1986
1987
1988
1989

Cover (ha)
3
0.5
0.1
2.5

Dominant submerged species have been Vallisneria gigantea (Ribbonweed) and Potomogeton
crispus (Curly Pondweed). Emergent littoral zone plants include Juncus articulatus (Jointed
Rush), Typha domingensis (Cumbungi), Typha orientalis, and Phragmites australis (Common
Reed).
A significant ecosystem change for the Lake, not addressed by the monitoring, has been the
substantial loss of submerged and emergent macrophytes across much of the East Basin area, and
a large area between Springbank Island and the Acton shoreline. Potamogeton crispus and
Vallisneria gigantea were the dominant submerged species in these areas.
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These systems occupied some 10% of the Lake area in the early 1980s. There was little evidence
of these macrophyte beds through the 1999 to 2009 drought. It is assumed that they have been
inhibited by the epiphytic growth and elevated SS levels of inflow and re-suspension (in the case
of East Basin) limiting light available for plant photosynthesis, or as a result of annual „cutting
harvesting‟ of macrophytes, to minimize conflicts with recreational activities. This is a
significant ecosystem change, particularly for the East Basin area.
Littoral macrophyte systems around the edge of the Lake have been dominated by Typha
domingensis (Cumbungi), Phragmites australis and Juncus. The littoral stands of macrophytes
were severely impacted by the low Lake levels during the 1999 to 2009 drought period. The
domination by a single species is the result of constant Lake level management practice.
5.9

Macro-invertebrate ecosystem condition

There is no data currently available on macro-invertebrates for the Lake.
5.10

Fish ecosystem condition

The Lake has been actively stocked with recreational fish fingerlings, as part of promoting the
Lake as a recreational fishery. Consequently, in this instance, the composition and populations of
fish do not provide a useful indicator of ecosystem health.
However, the population and composition of the fishery is important in respect to grazing
pressures on algae and zooplankton, and the potential impact of species such as European Carp
(Cyprinus carpio) on the sediments and macrophyte systems. It is recommended that further
information is sought in respect to this component.
5.11

Lake condition assessment conclusions

During periods of high inflow from the rural catchments, water quality processes in the Lake are
dominated by the Molonglo River physical sedimentation and re-suspension and wash-out
processes. Consequently, the „in-Lake‟ water quality and ecological processes are masked by the
high inflow conditions. Conversely, during „dry‟ periods, in-Lake water quality and ecological
processes become dominant. The extended dry periods therefore provide a window for
assessment of the condition of the Lake.
Two dry periods (1982/83 & 2007/09) were selected for the time based assessment of change in
Lake water quality. The results of the analysis of change between these periods, is summarized
in Table 5.19.
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What are the in-Lake „dry‟ period water quality conditions?
 high TDS, high water clarity/low turbidity, low SS;
 low TP;
 low bottom DO, elevated bottom NH3, elevated bottom TP;
 low TN, low NO3;
 generally low chlorophyll „a‟ except at time of algal blooms;
 cyanobacteria algae becomes more prevalent, with occasional blooms;
 levels of TP, SS & Chlorophyll „a‟, were generally within the assessment criteria levels
over the 1999 to 2009 low inflow period, with occasional spikes (exceedances) associated
with urban catchment discharges during „dry‟ periods.
While the Molonglo Reach site has experienced a number of these features, there has been a
much lower incidence of blue-green algal blooms at this site than for the East Basin, West Lake
and Yarramundi Reach sites.
Table 5.19. Summary of changes in mean water quality levels between 1982/83 & 2007/09
Indicator
TP mg/L
TN mg/L

Molonglo Reach
0.424 to 0.055
HS
ND to 2.33

East Basin
0.070 to 0.048
S
ND to 0.88

West Lake
0.033 to 0.037
NS
ND to 0.74

Yarramundi Reach
0.020 to 0.019
NS
ND to 0.58

SS mg/L

ND to 12

ND to 17

ND to 10

ND to 4

pH Units

7.81 to 8.03
NS
7.8 to ND
32.6 – 24
NS
51026 to ND

8.24 to 8.28
NS
ND to ND
30.7 – 15.3
NS
37449 to 42368 NS

8.24 to 8.12
NS
8.02 to 5.22 S
10.1 – 7.7
NS
16117 to 18059
NS
12250 to 11889
NS
ND - 217*

8.22 to 7.99
PS
5.57 to 4.26 NS
6.3 – 5.7
NS
12250 to 13366 PS

DObtm mg/L
Chlorophyll a
µg/L
Total algal cells
#/ml
Cyanobacteria
34639 to ND
24316 to 14827
cells #/ml
NS
Faecal Coliform ND - 152*
ND - 195*
CPU/100 ml
No BG algae
2.5 to ND
2 to 1.7
3.0 to 0.7
exceedance/yr
No of Faecal
ND to 1.0
ND to 0.3
ND to 0
exceedance/yr
Notes: ND – no data available for period
* Means for 2000 to 2010
NS – Not statistically significant (>0.05 single tail)
PS – Probably statistically significant (<0.05 single tail)
S – Statistically significant (<0.01 single tail)
HS – Highly statistically significant (<0.001 single tail)

726 to 9724
NS
ND - 105*
1.5 to 0.7
ND to 0

What are the in-Lake „dry‟ period water quality changes over time?
 An 80% reduction in TP levels in Molonglo Reach, and 30% reduction in TP levels in
East Basin;
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a 35% decline in bottom water DO levels in West Lake;
a decline in the frequency in cyanobacteria bloom exceedances of the guideline value;
comparisons of TN & faecal coliform were not supported, because of lack of data;
comparisons of pH, Chlorophyll „a‟, Total algal cells & cyanobacteria cells were not
supported statistically, due to small changes or scatter in the data.

The comparison of cyanobacteria cell numbers between the 1982/83 and the 1999/20009 periods
is less clear. However, there was a decreased frequency of cyanobacteria cell numbers exceeding
the guideline value (50,000 cells/ml) during 1999/2009 than for the 1982/83 period.
In addition to changes in Lake water quality as a function of time, there is a consistent pattern of
reduction in mean levels (35% TN, 60% TP, 75% SS, 67% Chlorophyll‟a‟, 72% Total Algal
Cells & 60% cyanobacteria Cells – all highly significant statistically) with flow through the
Lake, from Molonglo Reach at the inlet end of the Lake, down to Scrivener Dam – the outlet end
of the Lake.
Assessment of the Lake surface water temperature indicated a 25% increase in summer average
water temperature over the 1999 to 2009 low inflow period. This reflected in part, a significant
increase in air temperature over this period, and a reduction in wind strength (decreased
evaporative cooling). A 5 0C increase in summer temperature results in a 30% increase in
biological growth rates, significantly enhancing microbial decomposition rates (oxygen depletion
in bottom waters) and algal growth rates.
It is concluded that the condition of the Lake during the 1999 to 2009 drought, was certainly no
worse than for the comparable 1982/83 drought period. There was a substantial improvement in
water quality and reduction in algal biomass in the Molonglo Reach and East Basin area, as a
result of the 1985 upgrading of the Queanbeyan Sewage Treatment Plant. In the case of West
Lake and Yarramundi Reach, this improvement was diminished by significant increase in the
stormwater discharge of organic material associated with urban growth in the catchment.
What are the in-Lake „wet‟ period water quality conditions?
 low TDS, poor water clarity/high turbidity, high SS;
 high TP (adsorbed on surfaces of SS);
 high bottom DO, (except for Yarramundi Reach over summer), low bottom NH3, low
bottom TP;
 high TN, high NO3;
 highly variable Chlorophyll „a‟, with frequent elevated (but not bloom) peaks;
 cyanobacteria blooms rare;
 levels of TP, SS & Chlorophyll „a‟ frequently exceed the guideline values;
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What are the in-Lake „wet‟ period water quality changes over time? This question will be
addressed in the assessment of Conditions of the catchments, Section 6.
There is a strong seasonal pattern of algal succession evident in the Lake - a healthy reflection of
the ability of the Lake‟s ecology to adapt to changing seasonal conditions. It appears that the
shift in algal composition to cyanobacteria dominance during „dry‟ periods, is a reflection of the
physical and nutrient environment associated with „dry‟ periods, disadvantaging growth of the
Chlorophyta algae, and promoting the growth of cyanobacteria algae.
It is apparent that the Lake has demonstrated an amazing resilience in adapting to an extreme
range of climatic conditions. Unfortunately, some of these responses have resulted in symptoms
(algal scums and odours, algal toxins) which conflict with the community‟s use (recreation,
aesthetic) of the Lake.
There are some concerns regarding the ecological health of the Lake. Lake surveys indicate
substantial loss of macrophyte beds in or adjacent to the inlet zones (East Basin & Sullivan‟s Ck
inlet). The time series trend analysis of bottom water DO indicates a decline of 35% in mean
bottom water DO values, down to a median value of 40% of DOsaturation – a level placing bottom
water dwelling respiring organisms under stress. (Figures 7, 12, 18 & 19, and 25 & 26).
The background data indicated a moderate level of alkalinity in Lake water, providing an
important buffer to pH change. The data also demonstrated that Sodium (Na+) is the dominant
cation. As a result, there is a low „coagulation of fine silts and clays‟ capacity, resulting in
elevated turbidity during periods of elevated SS in inflows to the Lake. This is a natural feature
of the Lake‟s catchment soils.
The data also highlighted the significant quantities of iron through the Lake. Ferric iron is a
powerful binder of ortho-phosphate phosphorus, removing the phosphorus from the water
column by sedimentation. The adsorbed phosphorus is stored in the sediments, and is not
available for biological uptake, except under severe reducing conditions in the sediments, when
Ferric iron is reduced to soluble Ferrous iron. This is possibly the single key process controlling
algal production in the Lake.
The assessment indicated a significant level of exceedance frequency in respect to Chlorophyll
„a‟, blue-green algal cells & faecal coliform guideline values, in the swimming beach
embayments. The frequency of health warnings and Lake closures in respect to either the risk of
toxin or pathogens effects on human health, over the last 5 years, raises serious doubts regarding
the ongoing sustainability of primary contact activities in the embayments of the Lake.
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Analysis of the embayment water quality data indicated extreme levels of cyanobacteria, faecal
coliforms and Enterococci for the 3 Beaches. However, the cyanobacteria values for the Black
Mountain Beach and Weston Beach are significantly lower than for Yarralumla Beach. The
faecal coliform and Enterococci levels for Weston Beach are significantly higher than for
Yarralumla Beach and Black Mountain Beach.
The comparison between the 3 Beaches, and with the adjacent „open water‟ West Lake
monitoring site, indicate that shallow (warm) water, poor mixing, and high wind-blown algal
scum accumulation, are all major factors contributing to the severity of algal and bacteria
problems in the Beach areas.
Assessment of the sediment data indicated that with the exception of Zinc and Lead, values are
within the ANZECC 2000 Guideline values for heavy metals content of lake sediments.
The high level of iron present in Lake Burley Griffin sediments, maintains a high AVS/SEM
ratio, minimizing the potential for mobilization of the heavy metals. The data highlights the
significant levels of nitrogen, carbon, and iron and sulfate in the sediments, all key redox process
components.
Finally, it is helpful to consider the condition of Lake Burley Griffin in a wider „eutrophic lake‟
context. Figure 32 Comparison of Trophic Lakes, compares some 40 European, North American
and Australian lakes for which data on phosphorus and algal biomass levels is available. The
comparison is based on the in-lake TP and Chlorophyll „a‟ levels – two key indicators of lake
trophic conditions.
The Comparison indicates that Lake Burley Griffin is between the Mesotrophic and Eutrophic
categories, having summer Chlorophyll „a‟ levels well below those of most of the „eutrophic
lakes‟ identified in the Comparison. Lake Burley Griffin has Chlorophyll „a‟ levels greater than
Lake Ginninderra but less than Lake Tuggeranong, and well below levels in Burrinjuck
Reservoir prior to remediation (phosphorus removal from Canberra sewage) of the Reservoir.
Potential rehabilitation of the Lake through reduction in point source phosphorus loading, has
now largely been exploited, with the 95% reduction in Queanbeyan sewage effluent phosphorus
levels. Reduction in loads of organic material discharged in urban stormwater is a much tougher
assignment.
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6. Catchment condition assessment
6.1

Assessment framework

Section 4 of the Assessment outlined the typical external stressors related to each of the
identified potential threats to Lake environmental and use values, and the relevant indicators for
assessing the presence of these stressors in catchment discharges to the Lake (Table 4.1).
Table 4.2 Assessment „stressor indicators and guidelines values‟ (Condition of the catchments
assessment), listed the indicators for assessing these impacts within the Lake.
Section 5 undertook an assessment of Lake water quality data in relation to these key indicators,
in respect to both „dry‟ and „wet‟ periods. Preparatory to addressing the management options for
ameliorating adverse impacts on the Lakes environmental and use values, it is necessary to
review the external loads (water, nutrients, organic material, sediment, iron) on the Lake, in
order to establish the „cause – effect‟ links, and thereby, provide an ability to explore possible
management measures to ameliorate the frequency and severity of the impacts.
In order to address the related „means of amelioration of water quality impacts‟ question, there is
also a need to assess changes in the major drivers of the „water quality and ecology responses‟ of
the Lake, and their modifiers. The following lists of points summarise the relevant water quality
indicators.
Key ecological balances:
 nutrients – catchment inputs, internal cycling (adsorption & settling to sediments,
sediment redox transformation/release of nutrients, algal uptake/growth, decay and return
to sediments, losses to the atmosphere, wash-out losses);
 oxygen – surface re-aeration, photosynthesis, inflow – oxygen consumption by
decomposition organic material, respiration of organisms, oxygen demand of sediments,
losses to the atmosphere.
Key stressor modifiers:
 Levels and patterns of inflow to the Lake, determining the water „detention time‟ – a
major determinant of plant growth levels within the Lake, and influencing mixing
conditions within the Lake;
 Particulate adsorption & removal of nutrients – sodium dominant soils – dispersive, high
iron – rapid adsorption of nutrients & removal by sedimentation;
 Light limitation as a result of high suspended solids;
 Temperature/heat – growth rates and chemical reaction rates (Seasonal factors);
 Mixing/turbulence energy (flow, wind) – re-aeration, diffusion, stratification, transport of
algae through euphotic zone (Seasonal factors);
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6.2

Total Dissolved Salts promoting coagulation of fine suspended particles and their settling
to sediments (clarification of water column – enhanced light depth);
Macro-plants, promoting trapping and oxidation of organic material.
Description of Catchment

Lake Burley Griffin is located on the Molonglo River, a catchment of 1,866 km2 in area.
Topographically, the catchment is part of the southern tablelands, with rounded hills and
elevated plains (600 m), rising to the eastern Tinderry Mountains (1600 m) in the south east. The
Great Dividing Range defines the eastern boundary of the catchment.
The northern catchment boundary is formed by the Ginns Gap, Greenwood, Womboin, Poppet,
Amongula, Cohen, and Bald Hill Range (ACT Border). The Michelago and Tinderry Mountains
form the southern catchment boundary.
The NSW Southern Tablelands has a continental climate, with hot summers and cold winters,
with rainfall distributed relatively evenly throughout the year. The catchment experiences
periodic severe drought conditions. It has two distinct climatic zones; the (600 – 800 mm
rainfall) zone to the east, where the major rainfall influence is the tail of the coastal cyclonic
depressions running down the Australian eastern coastline, reaching inland; and the low rainfall
(450 – 550 mm) tablelands zone to the west, where the Brindabella & Fiery Mountain Ranges to
the west cast a rain shadow over the Jerrabomberra valley and Canberra plains in respect to the
continental rain depressions.
The CSIRO Climate Change forecast for the Southern Tablelands, is a shift from winter & spring
dominant rainfall, to higher summer and autumn rainfalls, increased variability and extremes in
the weather, and increasing temperatures. An increase in temperatures of 0.6 to 1.0 0C is forecast
by 2030. Theoretically, more rainfall over summer should result in increased wash-out of algae
during the critical algal growth period. Both the increased temperature and increases in
atmospheric CO2 will enhance the rates of the Lake‟s plant (including algae) growth.
Geology of the catchment is predominantly Ordovician sandstone and shale sediments across the
hills and mountains to the east, and Silurian shale and volcanic sediments across the western
plains. Isolated limestone intrusions occur in the Googong and Acton areas.

Page 44

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix A – Water Quality Assessment

44

Map 2. Lake Burley Griffin Catchment, displays the location of the major sub-catchments.
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A sulfide ore intrusion in the Captains Flat area was the site for mining of gold, silver, lead,
copper & iron in 1882 to 1899 and 1939-1962. The Mine became insolvent in 1962, leaving
large mine tailing dumps of mine waste adjacent to Captains Flat Creek, and highly acidic and
toxic mine drainage water discharging to the Creek. The potential „toxicant impacts‟ has been an
issue historically, and was addressed by Joint Commonwealth and NSW Governments Mine
Pollution Abatement Works in 1975. Monitoring (DHC & BMR) undertaken post completion of
the Works (1974 to 1978) determined that they had been effective, and that there were no longer
detectable impacts on the Molonglo River or Lake within the ACT.
The Environmental Impact Statement on the proposed Googong Dam (1973) identified a concern
that the reduced inflow to Lake Burley Griffin as a result of the Dam construction, could
exacerbate the impacts of toxic pollutants from the Captains Flat Mine waste, on the Lake. In
1975, the Commonwealth and NSW Governments agreed on a Project of Mine Waste Pollution
Abatement, to manage this potential impact. The Works were completed in 1977.
Given the age of the sediments (460 to 416 million years), soils of the catchment are highly
weathered and low in nutrients. A large proportion of soils across the plains are Sodosols Yellow Duplex soils, with deeper Kandosols - Red Earth soils adjacent to the Tinderry
Mountains zone to the south east. These soils have high erosion susceptibility, as a result of their
sandy clay A Horizon, and moderately dispersive kaolinite and illite clays in their B Horizon.
The base of the B Horizons is also a zone of high iron content. As a result, the catchment yields
high loads of suspended soil particles and iron during periods of high rainfall.
Clearing, over stocking and rabbit plagues late in the 19th Century, resulted in the initiation of
erosion gullies across large areas of the Molonglo and Queanbeyan catchments. At the time of
the design of Lake Burley Griffin, the potential level of sedimentation was seen as one of the
major threats to the Lake‟s viability. In 1960, the Commonwealth and NSW State Governments
agreed on the establishment of a joint soil conservation program across the catchment, to manage
this threat.
Land uses across the catchment are predominantly rural (63.5%) and forestry and conservation
(30.4%), with just 5.7% of the area urban land use. There are growing areas of rural residential
development within the rural areas (3% of the rural area).
The extensive areas of natural grassland across the Canberra plains were augmented by the
clearing of woodland areas across the plains and thinning of open forest on the lower slopes,
beginning with European settlement across the region in the 1830s, to create areas for grazing of
stock. Grazing areas comprise both native and improved pasture, and application of Superphosphate and nitrogenous fertilizers through the 1950s and 60s.
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Apart from the Turf Farm on Dairy Flat, there is little intensive horticulture across the
catchment. As part of the early erosion control measures in the early 20th Century, extensive
planting of pine trees was undertaken in the region, including Kowen within the Molonglo
catchment. The establishment of vineyards and olive plantations are two more recent significant
agricultural trends across the catchment. Their low use of water and fertilizers, means that they
have minimal impact on water quality of catchment streams.
Of greater concern is the significant growth in rural residential development across the rural
areas. These areas impact significantly on local runoff (farm dam retention), and have the
potential for fertilizer, pesticide, and domestic waste water (septic tank effluent) discharges to
local streams. Management of the rural residential development in the Burra catchment, a
catchment discharging directly to the Googong Reservoir, is specifically addressed in the
Commonwealth and NSW Googong Water Acts 1978.
Palerang Council has recently completed a survey of potential water pollution sites across the
western Palerang area, including the upper Molonglo River catchment and the Googong
Reservoir catchments. (Palerang Council 2011. Draft Water Quality Snapshot for Western
Palerang). The survey adopts the Sydney Catchment Authority (SCA) „land use – pollution risk‟
categories and pollution indicators (Nitrate, Phosphate, SS, pathogens) as the basis for
identification of pollution sources and assessment of their water quality impact risks.
Table 6.1. Details of Catchment areas and land uses (2004)

Land Use (km2)
Total Area
(km2)
Urban Area
Rural
Forest &
Conservation
Molonglo
Upper Molonglo
456.8
24.1
480.9
Kowen
36.3*
54.5
90.80
Woolshed
47.7
13.4
61.1
Dairy Flat & Fyshwick
2.7
31.4
34.2
Jerrabomberra - NSW
7.1
71.9
79.0
Jerrabomberra - ACT
9.9
39.5
49.4
Sullivan‟s
20.9
17.8
13.6
52.3
Lake Burley Griffin local
34.1
5.6
17.5
57.2
Queanbeyan
Tinderry
353.5
353.5
707.0
Googong Dam
73.2
73.2
Lower Queanbeyan
32.2
24.2
24.2
80.6
Burra
100.6*
100.6
Total Area
106.9
1185.3
574.0
1866.2
% Total Area
5.73
63.51
30.76
100
Source: ACT Govt. Think water, act water Volume 3: State of the ACT‟s water resources and catchments. 2004.
Notes: * Catchments undergoing significant rural residential development
Catchment

Sub-catchment

The Snapshot concluded that On Site Sewage Management Systems (Septic Tanks) represented
the most prevalent water quality risk issue, followed by waterway road crossings, and gully and
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streambank erosion. The highest risk pollutant was identified as SS, followed by Nitrate,
pathogens, Phosphate and other chemicals. Further details of the Snapshot findings, and the
Waterwatch water quality reports, are addressed in the sub-catchment assessments below.
By far the greatest land use change and potential impact on water quality across the catchment, is
urban development and related infrastructure. There has been a 35% increase in the urban area
over the period 1978 to 2011, and a 34% increase in the urban population living within the
catchment area.
The construction of Googong Dam (ACT & Queanbeyan water supply) on the Queanbeyan
River, has the potential to reduce average annual inflow to the Lake by 45% (Dept of
Construction 1978). While Googong Dam was completed just prior to 1978, diversion of
Queanbeyan River flow has been limited as a result of the water supply operation practice based
on the use the cheaper Cotter water in preference to the more expensive (pumping and treatment)
Googong water. Analysis provided by ACTEW indicates an average annual diversion of just 7%
of the average annual inflow to the Lake for the period 1978 to 2010. It is acknowledged that this
diversion would have increased to an annual diversion of 50% of the average annual inflow to
the Lake for the period 2003 to 2010 (consequence of the impact of the drought and the 2003 fire
on Cotter water supply).
Queanbeyan sewage is treated at the Queanbeyan Sewage Treatment Plant, located just west of
Oaks Estate, on the banks of the Molonglo River. Sewage discharge has increased from an
Average Dry Weather Flow (ADWF) of 6 ML/d in 1978, to 9 ML/d in 2010. The facility is
owned and operated by the Queanbeyan City Council. Its treatment capacity and standard has
been progressively upgraded by the Council and NSW Public Works. In 1983/84, the plant was
upgraded to an activated sludge facility, including an iron adsorption of phosphorus facility,
resulting in significant reduction (95%) in phosphorus and in biochemical oxygen demand
(BOD) (85%).
Sewage from Canberra‟s eastern residential and Industrial areas, is treated at the Fyshwick
Sewage Treatment Plant, with treated effluent then pumped to the Molonglo Outfall Sewer
Tunnel for further treatment at Lower Molonglo Water Quality Treatment Plant on the lower
Molonglo River, or transferred for effluent re-use in north Canberra.
In 1995, a sewage overflow detention tank (City West Overflow Detention Facility) was installed
on the Sullivan‟s Ck Trunk Sewer, to limit storm discharges to Sullivan‟s Ck to a frequency not
exceeding 1 in 10 years. When overflows do occur, the facility is designed to separate and retain
solids, and to disinfect the Sewage overflow to the Creek.
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In view of their significant proportion of impervious areas (30 – 40%), and activities having the
potential for emission of significant levels of nutrients, BOD and toxicants, urban stormwater is a
key discharge of potential concern in respect to impacts on Lake Burley Griffin water quality and
ecology.
6.3

Location of water quality sampling sites & scope of data

This Section draws on water quality analysis of samples collected from 4 major River water
quality monitoring stations (Molonglo Reach, at Dairy Flat, Lower Queanbeyan River, at the
ACT Border, Jerrabomberra Ck, at Hindmarsh Dr & Sullivan‟s Ck, at Barry Dr), and
Queanbeyan City Council monitoring of the Queanbeyan Sewage Treatment Works effluent
discharge water quality.
In the case of the „condition of the catchment‟ assessment, the analysis has drawn on 33 years of
meteorological, streamflow, and water quality data compiled and maintained by the Bureau of
Meteorology, ACTEW/ALS Global, National Capital Authority/ALS Global, Queanbeyan City
Council, ACT Health, and Environment ACT. All of the laboratories engaged in the water
quality sampling and analysis are NATA registered, and have maintained full documentation of
sampling and analytical procedures and standards.
Table 6.2. Scope of available data
Catchment
Upper Molonglo River
Lower Queanbeyan River

Physico-chemical
1994 – 2011
1994 – 2011

Jerrabomberra Ck

1997 - 1998

Sullivan‟s Ck
Queanbeyan STWks

1999 - 2007
1991 - 2011

Hydrol Gauge Stn
Molonglo @ Oaks Estate
Queanbeyan @ ACT
Border
Jerrabomberra @
Hindmarsh Dr
Sullivan‟s @Barry Dr
Queanbeyan STWks

Period
1978 - 2010
1978 - 2010
1996 - 2010
1986 - 2010
1991 - 2011

Typically, catchments exhibit a two stage pollutant concentration versus flow relationship,
comprising the base flow conditions, wherein groundwater discharge (and associated
constituents) are dominant, and the elevated discharge, wherein surface wash-off and transport is
dominant. viz: Cexport = kbase flow + kelevated flow Qm.
The power fraction in the case of the elevated flow export is a feature of most catchments, with a
decline in concentration per unit of discharge in pollutant concentration with increasing flow
levels. This is a feature of the transport capacity constraints and non-linear wash-off processes.
While urban stormwater concentration correlation with flow follows a similar pattern, low flow
(groundwater infiltration into stormwater pipes & channels) is complicated by the breakdown of
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organic material and associated re-mobilised of phosphorus & nitrogen in material trapped in
stormwater entry pits, traps and pond in prior stormwater discharge events.
viz: Cexport = kbase flow ± kprior event Qp + k elevated flow Qm
Because the flow versus concentration regression does not make separate provision for the apriori event contribution, this component results in additional variation in the base flow values.
The low flow – high concentration outliers in the urban stormwater catchment, where associated
with a significant storm within the 4 week period prior to the sampling date, were statistically
identified and eliminated from the urban stormwater data set, providing a data set better
reflecting the low (groundwater) flow and elevated flow related processes.
The generation of daily loads is based on the correlation having the highest level of significance.
Mload = (kbase flow + kelevated flow Qm) x Q, or (kflow Qb) x Q kg/d
where C is concentration in g/m3 and Q is flow in ML/d,
„k‟, „m‟ & „b‟ are correlation coefficients.
Note that in this application, catchment scale factors are not applied, as monitoring is based on
the whole of the sub-catchment discharges and pollutant levels.
6.4

Condition of rural catchments

This assessment of conditions of the sub-catchment is based on monitored water quality over the
period 1978 to 2011, together with other available land use & management assessment
information. The analysis builds on the data for the Upper Molonglo catchment, a large
catchment of predominantly rural and conservation land use. There is, however, a growing area
of rural residential development occurring within this catchment.
The Jerrabomberra Ck catchment has also been included as predominantly rural catchment.
However, this is a catchment in transition, with the development of the Hume industrial area, the
commencement of Jerrabomberra extension to Queanbeyan, and the Mugga Land Disposal
Facility. The Narrabundah broad acre developments drain into the Creek below the Hindmarsh
Drive sampling location. While there is some urban development underway in the catchment in
the 1997/1998 period, it is limited.
Regression analysis of flow versus each of the stressor indicators was undertaken for the periods
1994/96 and 2007/2010, and used as the basis for determining change in catchment conditions
over that time. Each of these periods comprises a mix of „dry‟ and „wet‟ years, having similar
overall discharge volumes. These results are summarized in Table 6.3.
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The analysis indicates little change in total nitrogen (TN) export levels as a function of flow over
the 1994 to 2010 period. There was a 13% reduction in total phosphorus (TP) loads as a function
of flow. The Jerrabomberra TP export level was 60% higher than the Upper Molonglo catchment
level. This may reflect the impact of some urbanization in this catchment, and be influenced by
the extremely limited period of monitoring.
The 34% increase in BOD (organic material) loads as a function of flow for the 2007 to 2010
period, as compared to the 1994 – 1996 period, for a catchment that has still not seen significant
re-establishment of stocking and agricultural production in the post drought period, is surprising.
It is possible that the area of rural residential development just upstream of the Sutton Rd
monitoring site may be contributing to this increase in levels of BOD.

Table 6.3 Rural catchment discharge correlations & export estimates
Site & Period

Correlation (mg/L)

No

F

Probabil

Molonglo
1994/97

CTN = 0.234 + 0.022 Q0.503
CTN = 0.162 Q0.249
CTP = 0.014 + 0.0013 Q0.613
CTP = 0.0069 Q0.389
CBOD = 0.738 + 0.046 Q0.539
CBOD = 0.494 Q0.235
CSS = 7.23 + 0.083 Q0.909
CSS = 1.787 Q0.489
CpH = 7.43 (Units)
CFaecal Col =184 (CPU/100 ml)
Qflow average = 82.5 (ML/d)
CTN = 0.037 + 0.331 Q0.204
CTN = 0.229 Q0.169
CTP = 0.002 + 0.030 Q0.169
CTP = 0.031 Q0.164
CBOD = 0.600 + 0.459 Q0.247
CBOD = 0.953 Q0.175
CSS = -9.407 + 15.23 Q0.151
CSS = 7.255 Q0.220
CpH average = 7.08 (Units)
CFaecal Col av = 428 (CPU/100 ml)
Qflow average = 86.6 (ML/d)
CTP = 0.063 Q0.264
CTP average = 0.215
CBOD = 3.35 Q0.029
CBOD average = 3.82
CSS = 27.6 Q0.402
CSS average = 183
CpH average = 7.8 (Units)
Qflow average = 133 (ML/d)

23
23
23
23
23
23
23
23

41
65
37
68
32
49
57
83

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

16
16
16
16
16
16
16
16

82
176
32
69
137
269
25
52

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

10
10
8
8
10
10

1.8

= 0.21

0.04

= 0.85

3.1

=0.115

Molonglo
2007/2010

Jerrabomberra
1997/98

Average
95%iles

Load
kg/ha/yr
0.60
0.08
1.66
63.2

0.67
(+10%)
0.07
(– 13%)
2.22 (+34%)
23.9
(– 46%)
(-5%)
(+130%)
0.13 to 0.30
2.88 to 4.80
99 to 267

0.12
2.16
163

The level of reduction (46%) in SS loads as a function of flow is significant. This may reflect the
substantial removal of stock from the rural catchments over the 1999 to 2009 drought period.
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The Jerrabomberra catchment had a SS load export as a function of flow some seven-fold higher
than for the Upper Molonglo catchment. This reflects significant impacts from urban
development together with more erosion sensitive soils in this catchment.
There was a 130% increase in average faecal coliform between the 1994/97 and 2007/10 periods.
This may reflect the growth in rural residential development just upstream of the Molonglo River
catchment monitoring site. It also supports the findings of the Palerang Council catchment
snapshot survey in respect to septic tank management issues.
Based on the nutrient and organic material correlations with flow, and the availability of daily
gauged flow data, daily loads of each of the key stressor indicators were generated for the 1978
to 2010 period (Table 6.4). This information is required in order to assess the implications of
changing load conditions for Lake water quality and ecological responses at key points through
the Lake (Section 7).
The export loads per hectare of catchment per year (Table 6.4) for the period 1978 to 2010, were
used as the basis for comparison with other published catchment export data. (refer to Appendix
C: Figures 47 & 48). The Figures indicate that rural export levels for the Molonglo River are at
the lower level of the published TN and TP rural export values.
Table 6.4 Catchment loads per ha for 1978 to 2010 (kg/ha/yr)
Parameter
TN
TP
BOD
SS

Rural (U. Molonglo)
0.93
0.12
2.60
69.8

Urban (Sullivan‟s Ck)
2.3
0.15
6.97
128.7

The daily load estimates were also used as the basis for comparing the relative contribution of
the various nutrient and organic material sources (rural runoff, urban stormwater, Sewage
effluent discharge) to the total loading on the Lake. This analysis is presented in Pie Chart form
in Appendix D: Figures 38 to 46 in Section 7. The Charts indicate that the rural catchment was a
major source of TP, BOD and SS during wet periods, but only a minor source for all constituents
during dry periods. The contribution of each of the catchments is summarized in Table 6.5
below.
The relatively high TP contribution to both wet and dry years from the rural catchments, reflect
the power of SS as a vehicle for transport of adsorbed phosphorus. It is important to note that this
phosphorus is not directly available for algal uptake. It is buried in the sediments, and requires
significant reducing conditions in the Lake sediments, to release it back into the water column as
ortho-phosphate.
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It is also important to note the magnitude of the BOD load from the rural catchments during wet
years, particularly in the light of the 60% increase in BOD loads monitored at the Sutton Rd
monitoring site.
Table 6.5 Summary of contributions of catchment exports to total lake loading (percent)
Nutrient
TN load
TP load
BOD load

SS load

6.5

Climate category
Wet yr
Dry yr
Wet yr
Dry yr
Wet yr
Dry yr
Dry – 2 mg/L Sewage
BOD
Wet yr
Dry yr

Rural
42
2
73
20
48
5
13

Urban
39
20
26
53
39
28
70

Sewage
19
78
1
28
13
67
17

87
58

13
39

0
2

Condition of urban catchments

The characterization of urban catchment conditions has drawn on data for the Sullivan‟s Creek
catchment and the Lower Queanbeyan catchment. The Sullivan‟s Ck catchment is currently 40%
urbanized, with expansion of the urbanized area in the northern part of the catchment over the
periods 1985-90 & 2000-2005. There was also significant re-development in the southern
Sullivan‟s Creek neighbourhoods (Turner, Braddon, O‟Connor, Ainslie, Lyneham) over the
period 1990 to 2011. The re-development of large blocks in Ainslie, Turner and O‟Connor has
resulted in significant increase in urban density and impervious area. As a result of urban infill
and medium density re-development, the decline in household population has been offset, with a
net 34% increase in the urban population within this catchment over the period 1980 to 2011.
There was augmentation of the Sullivan‟s Creek Trunk Sewer in 1979, and installation of
stormwater reticulation in association with the re-development of the Braddon and Ainslie areas
1985 to 1990. Sewage storm detention tanks were installed on the Sullivan‟s Ck Trunk Sewer
late in the late 1990s in order to meet the „less than 1 in 10 yr sewage spill‟ design guideline.
Canberra‟s first Gross Pollutant Trap was installed on the Creek at Parkes Way 1981, and the
installation of stormwater wetlands commenced in 2005. More recently, the development of a
stormwater harvesting scheme, based on wetlands, was commenced in 2009.
As a result of the construction of Googong Dam just 5 km upstream of the Queanbeyan (9 km
upstream of the ACT Border sampling site), the Lower Queanbeyan area is primarily an urban
catchment. Up until 2003, water quality from this catchment was periodically modified by flood
overflows from the Dam, or riparian or environmental flow releases. Dam releases over the 2003
to 2010 period has been largely limited to riparian releases (12 ML/d) from the Dam. Over the
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drought, this release has been further reduced to reflect the reduced level of inflow to the
Reservoir (3 ML/d).
Hence, discharges to the River for the 2007/10 period are predominantly urban stormwater
based. The discharge of Queanbeyan treated sewage effluent occurs downstream of the ACT
Border sampling site. Developments across Queanbeyan City East, Karabar and Greenleigh over
this period represent a similar increase in the urban area draining to this sampling site.
Available water quality data for Sullivan‟s Creek is limited to the 1999 to 2007 period. The
analysis of data for Sullivan‟s Creek indicates significant nutrient and organic load variation with
storm events. For the September 1999 storm event, the BOD load was 230 kg/d, some 40 times
the ADWF discharge of BOD from the Queanbeyan Sewage Treatment Works. The peak
discharge for this storm event (60 ML/d) is a significant flow level (equivalent to the 50
percentile Molonglo River flow) – a demonstration of the significance of urban stormwater flows
in terms of organic material transport and deposition capacity.
The flow based correlation values (Table 6.6) identifies „load levels as a function of flow‟
significantly higher than for loads for equivalent flows in rural catchments (2 fold TN levels,
+30% TP levels, and 2 fold BOD levels). Faecal coliform levels as a function of flow were 2 fold
the rural rate. SS loads as a function of flow were 3 fold the rural catchment levels, reflecting the
high level of land disturbance.
Based on the ACT Integrated Urban Waterways stormwater abstraction program, and on wetland
interception rates for the ACT, it is expected that the full development of wetlands and
stormwater harvesting measures in this catchment will secure a further reduction of 20% in the
Sullivans Ck derived nutrient, BOD & SS loads.
As in the case of the rural catchments, daily loads of each of the key stressor indicators were
generated for the 1978 to 2010 period. The export loads per hectare of catchment per year (Table
6.4) for the period 1978 to 2010, were used as the basis for comparison with other published
catchment export data. (refer to Figures 49 & 50). The Figures indicate that rural export levels
for the Molonglo River are at the lower level of the published TN and TP rural export values.
The daily loads were also used to compare the relative contribution of the various nutrient and
organic material sources (rural runoff, urban stormwater, Sewage effluent discharge) to the total
loading on the Lake. This analysis is presented in Pie Chart form in Figures 38 to 46, and in
Table 6.5.
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Table 6.6 Urban catchment discharge correlations & export estimates
Site & Period

Correlation (mg/L)

No

Lower
Queanbeyan
1994/97

CTN average = 0.439
CTP average = 0.028
CBOD = 1.91
CSS average = 10.19
CpH average = 7.6 (Units)
CFaecal Col average = 299 (CPU/100
ml)
Qflow average = 36.8 (ML/d)
CTN = 0.256 +0.189 Q0.463
CTP = 0.059 +0.0008 Q0.788
CBOD = 1.474 + 0.908 Q0.326
CSS = 6.668 +1.314 Q0.606

23
23
23
23

Lower
Queanbeyan
2007/10

Sullivan‟s Ck
1999 - 2007

CpH average = 7.0 (Units)
CFaecal Col av =126 (CPU/100 ml)
Qflow average = 23.6(ML/d)
CTN = 0.936 + 0.022 Q1.05
CTN = 0.931 Q0.197
CTP average = 0.152
CBOD average = 5.37
CBOD = 4.12 Q0.12
CSS = 9.78 + 0.009 Q2.13
CSS = 9.48 Q0.274
CpH average = 7.89 (Units)
CFaecal Col av=635 (CPU/100 ml)
Qflow average = 3.5(ML/d)

F

Probabil

18
18
18
18

784
291
56
270

<0.0001
<0.0001
<0.0001
<0.0001

31
31
37
37
31
30
30

16
25

<0.0001
<0.0001

3.0
5.0
14

=0.09
=0.014
<0.0001

Average
95%iles
0.404 – 0.473
0.022 – 0.035
1.72 – 2.11
6.17 – 14.21

Load
kg/ha/yr
1.9
0.10
8.4
44.6

6.5 (+240%)
0.50 (+272%)
11.6 (+39%)
147.2
(+230%)

0.12 to 0.18
4.0 to 7.0

1.49
0.102
4.65
71.7

The Table 6.5 values indicate that during a wet year, the urban catchments contribute 39% of the
Lake‟s annual TN load, 26% of the Lake‟s annual TP load, and 39% of the Lake‟s BOD load.
The Table indicates that during a dry year, the relative contribution of stressor loads to the Lake
is still significant, at 20% of the Lake‟s annual TN load, 52% of the Lake‟s annual TP load, and
28% of the Lake‟s BOD load. When the 2010/2011 reduced BOD loads from Queanbeyan
Sewage Treatment Plant effluent are factored into this analysis, urban stormwater contributes
70% of the dry year BOD (Figure 46).
While the assessment indicates that urban stormwater is a significant source of TP loading on the
Lake, it is important to note that this phosphorus is not directly available for algal uptake. It is
buried in the sediments, and requires significant reducing conditions in the Lake sediments, to
release it back into the water column as ortho-phosphate. However, in this case, the associated
high loads of urban stormwater BOD make a significant contribution to the energy required for
the reduction of sediments and release of phosphorus back into the water column.
Canberra prides itself as „the garden City‟! The build-up of organic material and fertility of our
garden soil, necessary to sustain green and productive gardens, inevitably leads to an increase in
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the annual loss of plant and soil organic biomass, via drains and streams, to the Lake. And so the
Lake is enhanced in respect to organic material and fertility levels, supporting increases in
aquatic plant growth. Our land use and management is inextricably linked with the quality of our
waterways.
There is anecdotal evidence supporting this hypothesis. Firstly, the significant quantities of rich
sediment trapped in the stormwater Gross Pollutant Traps. Secondly, the significant biomass of
Autumn leaves collecting in street gutters and drains, and ultimately being washed through to the
Lake.
Stormwater is the major source of faecal coliform loading on the Lake. This is partly a reflection
of domestic pet populations across the catchment, but primarily the leakage from household
connecting sewer ties to the public sewers during wet periods. While sewer breaks or sewer
pump failures can contribute significant single event discharge, in overall loading terms, this
contribution is minor.
6.6

Condition of catchment: Sewage treatment plant discharges

The Queanbeyan Sewerage Treatment Plant is located just west of Oaks Estate, on the southern
bank of the Molonglo River. The Centre comprises primary treatment screens & settling tanks, a
secondary biological treatment system (trickling filters, followed by activated sludge – aeration
process) and effluent clarifiers. The treated effluent is then passed through a series of maturation
ponds. Ferric chloride is added at the discharge to the final maturation pond, for phosphorus
removal. Lime is also added for pH control.
A series of by-pass systems is provided to protect process systems in the event of capacity
exceedance (wet weather flows) or process breakdown. By-pass of partially treated („primary‟ or
„primary + secondary‟) sewage is directed to a series of maturation ponds, where it is mixed with
fully treated sewage, and undergoes maturation pond sedimentation and aeration. The maturation
pond outlet discharges to the Molonglo River.
The Plant has undergone a series of capacity and treatment standard upgrades over the 1978 to
2011 period, resulting in significant reduction in the discharge of SS, BOD & phosphorus to the
River. The two major improvements were the addition of activated sludge biological treatment in
1985, and the iron chloride dosage system for phosphorus removal.
On several occasions, the site has been inundated by extreme Molonglo River floods, or extreme
rainfall over the urban catchment, resulting in the flooding or wash-out of the maturation pond.
In these situations, the maturation pond normally contains fully treated sewage effluent,
undergoing further polishing prior to discharge to the River. As noted in the Sections 5.3 & 5.5
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above, under extreme flood conditions, the Molonglo and Queanbeyan Rivers discharge contain
high numbers of faecal bacteria. Under these conditions, the faecal bacteria washed out from the
Queanbeyan maturation pond is minor compared to the large loads in the Molonglo and
Queanbeyan River flows. However, it does clearly constitute a human faecal contamination
source, and therefore presents a potential health risk during these extreme events.
Table 6.7 Queanbeyan STWks exports & trends: 1978 to 2010
Nutrient Period
Regression
No
F coef Signific Load
Kg/ML/d
samples
TN
1994/96
14.2 QSTWks
160
910
<0.0001
124 kg/d
2007/11
15.3 QSTWks
132
398
<0.0001
92 kg/d
TP
1994/96
0.095 QSTWks
171
240
<0.0001
0.83 kg/d
2007/11
0.134 QSTWks
132
482
<0.0001
0.80 kg/d
BOD
1994/96
26.1 QSTWks
171
1221
<0.0001
227 kg/d
2007/11
3.324 Q STWks
132
65
<0.0001
20 kg/d
pH*

1994/96
2007/11

8.47 – 0.069 QSTWks
7.68 – 0.0127 QSTWks

Notes: Median QSTWks 1994 = 8.7 ML/d
Shaded rows – weak correlation

132
172

16
0.27

=0.0001
=0.61

Median QSTWks 2010 = 6.0 ML/d
* pH Regression Units/ML/d

7.87 Units
7.60 Units

Change
-26%
-4%
-90%
Not
statistic
signific

Prior to 1980, frequent spills of sewage occurred at the Morisset St pump. A major upgrade of
the pump in the early 1980s has resolved this source of sewage spills. The growth in Queanbeyan
Sewage discharge reflects the City‟s population growth over the period 1978 to 2011.
Analysis of the Queanbeyan Sewage Treatment effluent data for the period 1978 to 2010,
indicates a significant reduction in TP (70%), TN (30% reduction) and in BOD (95% reduction),
as a result of major upgrades to the Treatment Plant. This reduction has been achieved, not-withstanding a 2 fold increase in population over the 1978 to the 2010 period.
The Treatment Plant appears to now have a low (0.25 mg/L) TP level, well oxidized Nitrogen,
and an extremely low BOD (1 mg/L). The high NO3 level has a positive impact on the River and
Lake water quality, in respect to the significant oxygen contribution made to offsetting the BOD
of decomposing organic material in the River and Lake.
Applying the daily loads, it is possible to compare the relative contribution of the various
nutrient and organic material sources (rural runoff, urban stormwater, Sewage effluent discharge)
to the total loading of key stressors on the Lake. Figures 38 to 40 indicate that during a wet year,
the sewage source contributes 19% of the Lake‟s annual TN load, less than 2% of the Lake‟s
annual TP load, and 13% of the Lake‟s total BOD load.
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Table 6.8. Queanbeyan Sewage Treatment Plant comparison of 1978/81, 1994/96 & 2007/2010
effluent quality values (Kg/ML/d)
1978/81 Flow Correlation
TN = 30 QSTWks
TP = 4 QSTWks
BOD = 30 QSTWks

1994-96 Flow Correlation
TN = 12.9 QSTWks kg/d
TP = 0.091 QSTWks kg/d
BOD = 29.9 QSTWks kg/d
pH = 7.6-0.004 QSTWks Units

2007-2010 Flow Correlation
TN = 14.2 QSTWks kg/d
TP = 0.139 QSTWks kg/d
BOD = 2.18 QSTWks kg/d
pH = 8.0+0.0004 QSTWks Units

Figures 41 to 46 indicate that during a dry year, the relative contribution of sewage derived
stressor loads is more significant, at 78% of the Lake‟s annual TN load, 28% of the Lake‟s
annual TP load, and 67% of the Lake‟s BOD load. When the 2010/2011 reduced BOD loads
from Queanbeyan Sewage Treatment Plant effluent are factored into this analysis, sewage
sources of BOD represent just 17% of the total dry year BOD (Figure 46).
6.7

Condition of the catchments assessment conclusions

By far the greatest land use change and potential impact on water quality across the catchment, is
urban development and related infrastructure. There has been a 35% increase in the urban area
over the period 1978 to 2011, and a 34% increase in the urban population living within the
catchment area.
The construction of Googong Dam (ACT & Queanbeyan water supply) on the Queanbeyan
River, has the potential to reduce average annual inflow to the Lake by 45%. While Googong
Dam was completed just prior to 1978, diversion of the Queanbeyan River flow has been limited,
with an average annual diversion of just 7% of the average annual inflow to the Lake for the
period 1978 to 2010. It is acknowledged that this diversion would have increased to an annual
diversion of 50% of the average annual inflow to the Lake for the period 2003 to 2010
(consequence of the impact of the drought and 2003 fire on Cotter water supply).
Significant urban growth in the Lake catchment over the 1978 to 2011 period has contributed to
a major increase in BOD loads. This was offset in some measure by a substantial upgrading of
sewage treatment at the Queanbeyan Sewage Treatment Plant.
Change in catchment load exports 1994/96 to 2007/10:
 Upper Molonglo: TN = + 10%, TP = -13%, BOD = +34%, SS =-46%, Faecal = +130%
 L. Queanbeyan: TN = +240%, TP = +400%, BOD = +39%, SS = +230%, Faecal =
+250%.
 Queanbeyan STWks TP = -95%, BOD = - 90%;
 Monitored data for Sullivan‟s Ck not available prior to 1999.
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Table 6.9. Summary of Sub-catchment load export rates (kg/ha/yr)
Stressor

Period
94-96
07-10

U.Molonglo
0.6
0.67

Sub-catchment
L.Queanbeyan
Jerrabomb
1.9
6.5

TN
TP

94-96
07-10

0.08
0.07

0.1
0.5

0.12

BOD

94-96
07-10

1.66
2.22

8.4
11.6

2.16

SS

94-96
07-10

63.2
23.9

44.6
147.2

163

Faecal
CPU/100 ml

94-96
07-10

184
428

299
126

Notes: Faecal coliform in Median CPU/100 ml

Sullivan‟s Ck
1.49
0.102
4.65
71.7
635

Exceedance of stressor assessment (Indirect process) criteria:
 BOD < 20 mg/L & 0.2 g/m2/d (470 tonnes/yr) deposition – guideline values exceeded in
13 of the 33 years of the assessment;
 Faecal coliform < 150 cells/100 ml – exceeded frequently by L.Queanbeyan & Sullivan‟s
Ck (urban catchment) discharges;
 SS < 40 mg/L Molonglo Reach & East basin – 4 exceedances U.Molonglo 1994-2011;
 SS < 20 mg/L West Lake & Yarramundi – 3 exceedances Sullivan‟s Ck for 1999 – 2007;
 NH3 < 1.4 mg/L - 1 exceedance in Sullivan‟s Ck for period 1999 – 2007.
It is concluded that the cumulative BOD and Faecal Coliform loads from the rural and urban
catchments have been in excess of sustainable Lake levels.
The „relative contribution of rural, urban and Sewage catchment to total Lake loads (Table 6.5),
indicate 52% of BOD contributed by the Queanbeyan Sewage Treatment Works during „dry‟
years. For the „dry year‟ (2006), the concentration of BOD in treated Queanbeyan sewage
effluent ranged from 20 to 30 mg/L. In early 2009, an upgrade in the Plant resulted in an effluent
having a 2 mg/L BOD component – a 90% reduction in BOD loads from the Plant. Adjusting the
relative contributions for this decrease in Sewage BOD contribution, the dry year BOD
contribution would be 14% rural, 76% urban & 10% Sewage.
Comparison of catchment nutrient loads (kg/ha/yr) with published levels for rural and urban
catchments indicates that levels for the Upper Molonglo catchment and the Sullivan‟s Ck
catchment are at the lower levels of the published values.
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The major change in catchment conditions, relates to the substantial upgrading of the
Queanbeyan Sewage treatment Plant, with a 95% reduction in phosphorus and a 90% reduction
in BOD discharged from the Plant.
The other major change is the 40% growth in urban areas within the Lake‟s catchment over the
1978 to 2011 period. The Assessment identified urban stormwater as the major source (80%) of
organic material discharge to the Lake during „dry‟ periods.

7. Lake water quality & ecology response processes
7.1

Assessment framework

Section 5 „Condition of the Lake assessment‟ of this Review examined the pattern and levels of
water quality and biology of the Lake, and how it impacted on the Lake environmental and use
values.
The Section identified the key potential threats to Lake ecological and use values as:
 a Lake prone to poor mixing across summer months;
 the accumulation of significant quantities of phosphorus bound to iron in the sediments;
 the frequency of DO depletion in the bottom waters;
 shifts in algal composition to Cyanobacteria (Blue Green), having a propensity for
formation of blooms and toxins;
 A moderate frequency and level of Blue Green algal blooms, threatening primary and
secondary recreational use values, and impairing the aesthetic values of the Lake;
 A moderate frequency and level of Faecal Coliforms in the swimming embayments,
indicating unacceptable risks to the health of users of these facilities.
The „Conditions of the Lake‟s catchments‟ assessment identified two major factors bearing on
these threats:
 A potential decrease (of up to 52%) in flows through the Lake, as a result of diversion of
the Queanbeyan River at Googong Dam for water supply in the future, with the potential
for significant future increase in the water detention time in the Lake, thereby enhancing
algal growth;
 The high loading of BOD from urban catchments during the drier periods, and the
significant growth (40%) in the urban developed area within the Lake catchment.
Section 6 examined the conditions of the catchments and point sources in respect to external
inputs of key stressors to the Lake. This Section draws these Sections 5 & 6 together, as a means
of identifying key „cause – effect‟ chains. This understanding then enables a more rigorous
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exploration of a range of management intervention measures, and their effectiveness in
ameliorating impacts.
In the case of Lake Burley Griffin, the key modifiers of water quality and ecological responses to
discharges to the Lake, comprise fine suspended; alkalinity of waterway; wind or flow mixing
and diffusion shear; temperature; sedimentation; benthic fauna; and Total Dissolved Salts levels.
7.2

Lake physical, chemical and biological response processes

As noted in Section 6, Lake water quality is first and foremost, a reflection of its catchment – the
pattern, composition and levels of external water and pollutant loads on the Lake over time. Not
only is the rate of inflow a key driver of Lake water quality processes, but the inflow pathway is
also a critical factor in respect to deep stratified lakes.
The temperature of catchment discharges is a reflection of the season, and the level of discharge
(temperature inversely proportional to rate of flow). As a result, high levels of rural or urban
stormwater discharge (together with their nutrient and organic loads) will dive to the bottom
water zone during periods of Lake stratification.
Temperature vs flow regressions analysis for:
 Molonglo R @ Oaks Estate: Tsummer = 25.4/Q0.03
 Sullivans Ck @ Parkes Way: TSummer = 23.4/Q0.043
Table 7.1 A: Surface & bottom water zone average summer temperatures
(West Lake 1985 – 2010)
Zone
Surface water
Bottom water

Average
22.65
20.23

Minimum
20.8
19.0

Maximum
26.9
21.8

Table 7.1 B: Temperature of Molonglo River discharge over summer (1978 – 1995)
Inflow ML/d
Temperature 0C
Lake detention time (yrs)

100
23.2
0.9

500
20.0
0.2

1000
18.4
0.1

Table 7.1 C. Temperature of Sullivans Ck discharges over summer (1999 – 2007)
Inflow ML/d
Temperature 0C
Lake detention time (yrs)

5.0
21.8
18 yrs

10.0
21.2
9 yrs

50.0
19.8
2 yrs

100
19.2/17.7
1 yr

Comparison of inflow temperatures in Table B & C with average Lake water temperatures in
Table A, indicates that for Molonglo River flows > 500 ML/d & Sullivans Ck flows > 50 ML/d,
the discharges entering the Lake will be to the bottom water zone.
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Finally, it is necessary to separately examine the Lake water quality responses in terms of
individual Lake zones:
Upstream inlet zones:
 Confined deep pools based Molonglo Reach
 Open & shallow East Basin
Mid and downstream zones:
 the open & shallow to moderate depth West Lake zone
 the deep – confined Tarcoola & Yarramundi Reach zones
Building on this understanding of the catchment discharges, and the in-Lake physical
arrangement and depths, this Section explores a number of conceptual models explaining the
observed behavior of the Lake over time.
7.3 ‘High rural inflow and stormwater discharge’ condition
Molonglo River inflow of 1000 ML/d & Stormwater discharge > 500 ML/d:
Table 7.3 A. Summer periods of „high rural inflow & stormwater discharges‟
Year
1984
1989
1993

Molonglo average summer
inflow ML/d
860
1265
846

Molonglo range of summer
inflows ML/d
200 – 18,000
300 – 37,000
300 – 8,000

Maximum Sullivans Ck
discharge ML/d
700
1600
700

Inflow path and water balance conditions:
Figure 2 A. Summer (high rural inflow) water balance

High rural inflow
Spillway discharge dominant

Full mixing
Qspillway = QMolonglo + Qstmw – Vevap – Vabstraction = 1455 ML/d
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Under high rural inflow conditions, the high and sustained inflow energy results in mixing
throughout the Lake, and rapid wash-out of any algae, with spillway (surface water) the
dominant discharge mode.
Lake physical & chemical water quality response conditions:
 Extended flow hydrograph, with elevated flows and mixing sustained over several weeks,
and SS and organic material dispersed through-out the Lake; significant levels of washout
of dissolved and suspended constituents;.
 Highly turbulent mixing throughout the Lake, Lake de-stratified (fully mixed;
 Discharges high in SS, together with re-suspension in shallow inlet zones; low
conductivity (catchment surface runoff dominant);
 High TP inflow, but rapid SS adsorption of nutrients and removal by sedimentation;
 Deposition and burial of organic material in the sediments;
 High BOD loads, but predominantly rural refractory organic matter. Dispersed deposition
& burial in sediments, dominant refractory composition, and high mixing energy
maintains high oxygen levels throughout the Lake;
 Oxidation of refractory organic material, with release of N2 gas (denitrification) & CO2
(g), but retention of phosphorus;
Algal growth & composition response conditions:
 Light – the high inflow turbulence and low conductivity sustain fine particle suspension,
limiting light availability for algal growth;
 Bio-available phosphorus - adsorption of orthophosphate on the extensive SS surfaces,
and removal from the water column by sedimentation, resulting in low levels of bioavailable phosphorus;
 Nitrogen level & composition – high nitrate under well mixed (oxidized) conditions
during sustained inflow period;
 Residence (available growth) time & washout – short residence time & high rate of
washout, limit the potential for algal growth;
 Mixing conditions – high turbulence, favouring larger algae (Bacillariophyta,
Chlorophyta).
Molonglo Reach & East Basin water quality and algal responses:
In the case of high Molonglo River inflow condition, the water quality and algae (including
washout from the Queanbeyan STWks maturation ponds) of the Molonglo River inflow
dominates water quality and algae in the upstream inlet zones. Much of the inflow SS and
organic material is washed through into the mid and downstream zones of the Lake, including
some re-suspension of sediment from the Molonglo Reach deep pools and East Basin.
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Observed water quality and algae
Table 7.3 B. Molonglo Reach observed summer water quality & algae levels & composition
Year
1984
1989
1993

Light
SS
NA
NA
NA

Turb
15
19
15

Cond
134
150
125

Nutrients
TP
0.08
0.06
0.035

PO4
NA
NA
NA

NO3
0.16
0.24
0.19

NH3
0.08
0.04
0.04

Algae
Chlor
8
11.3
18.5

Bacil
15
160
60

Chloro
770
720
170

Chrys
NA
170
30

Cyano
310
0
30

Table 7.3 C. East Basin observed summer water quality & algae levels & composition
Year
1984
1989
1993

Light
SS
140
NA
124

Turb
NA
NA
NA

Cond
NA
NA
144

Nutrients
TP
0.105
NA
0.062

PO4
NA
NA
NA

NO3
0.280
NA
0.046

NH3
0.060
NA
0.044

Algae
Chlor
10.9
15
25.6

Bacil
180
1640
680

Chloro
370
1540
1080

Chrys
0
1640
350

Cyano
220
1240
690

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
West Lake & Yarramundi Reach water quality and algal responses:
Water quality in West Lake and Yarramundi Reach reflects the wash-out of SS, nutrients and
algae from East Basin, and the decomposition of organic material deposited by the rural
discharge. The potential for algal growth under these inflow conditions is limited. Expect low
chlorophyll „a‟ levels, and dominance of the larger algae (Bacillariophyta & Chlorophyta).
Observed water quality and algae
Table 7.3 D. West Lake observed summer water quality and algae levels & composition
Year
1984
1989
1993

Light
SS
NA
NA
NA

Turb
30
45
NA

Cond
122
140
180

Nutrients
TP
0.07
0.08
0.05

PO4
NA
NA
NA

NO3
NA
NA
NA

NH3
0.07
0.03
0.05

Algae
Chlor
6
6
13

Bacil
350
800
600

Chloro
2464
500
550

Chrys
Nil
880
600

Cyano
80
0
0

Table 7.3 E. Yarramundi Reach observed summer water quality and algae levels & composition
Year
1984
1989
1993

Light
SS
NA
NA
NA

Turb
25
NA
NA

Cond
130
150
150

Nutrients
TP
0.07
0.09
0.05

PO4
NA
NA
NA

NO3
0.23
NA
NA

NH3
0.05
0.05
0.04

Algae
Chlor
4.7
5.0
5.1

Bacil
170
270
370

Chloro
420
680
530

Chrys
0
260
370

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
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7.4 ‘Moderate rural inflow and high to moderate stormwater discharge’ condition
Molonglo River inflow < 500 ML/d & Stormwater discharge 500 ML/d:
Table 7.4 A. Summer periods of „high rural inflow & stormwater discharges‟
Year
1979
1986
1992
2000
2001
2002

Molonglo average summer
inflow ML/d
220
205
203
140
70
60

Molonglo range of summer
inflows ML/d
200 – 1200
200 – 300
100 – 400
20 – 400
20 – 200
10 - 600

Maximum Sullivans Ck
discharge ML/d
100
100
700
120
480
800

Inflow path and water balance conditions:
Figure 2 B. Summer (moderate rural inflows) water balance
Water supply abstraction

Stormwater
discharge

Rural inflow
Evaporation loss

Transfer of surface water down into the bottom
water zone, limiting potential for transfer
of nutrient rich bottom water into the surface
water zone.

Valve release of bottom water

Vtransfer = QMolonglo – Vevap – Vabstraction = 455 ML/d (surface water to bottom water zone)
Qvalve = Qstmw +Vtransfer = 955 ML/d

Under moderate rural inflow conditions, the Molonglo River discharge will be to the surface
water zone, sustaining mixing in the zone. Lake water releases will be via the valves (bottom
water zone) for this level of Lake inflow (no wash-out of algae). The moderate level of inflow
into the surface water zone will provide marginal enhancement of the wind mixing of the surface
water zone. Importantly, the level of inflow into the surface water zone, and release via the
bottom water zone valve, will result in water transfer of water from the surface water zone
downwards into the bottom water zone.
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Lake physical & chemical water quality response conditions:
 Inflow levels and mixing sustained over several weeks, and low conductivity results in
sustained suspension of fine SS;
 Well mixed surface water zone, and later commencement of stratification of Lake;
 High TP inflow, but rapid SS adsorption of nutrients and removal by sedimentation;
 Deposition and burial of organic material in the inlet deposition zones (pools of the
Molonglo Reach, East Basin);
 High BOD loads, but predominantly rural refractory organic matter in upstream inlet
zones – mix of refractory and labile organic material in mid and downstream Lake zones.
Well mixed/aerated across the shallow areas of the Lake, but on-set of stratification
isolates deeper water from re-oxygenation.;
 Decomposition of organic material in the deeper zones resulting in depletion of oxygen
levels, and a mix of N2 (g) and NH3 production; oxidation of labile organic material with
release of N2 gas (denitrification) & CO2 (g), but limited release of phosphorus.
 The a sharp flow peak in the urban stormwater discharge, with flow lasting only 2 to 4
hrs, results in a discharge plume well into the bottom water zone, with deposition of
labile organic material into the poorly mixed bottom water zone, rather than the inlet
depositional zone, further exacerbating depletion of oxygen and release of bio-available P
from the sediments into the bottom water zone;
 The high inflow energy associated with the high velocity urban stormwater discharge, has
the potential for enhanced mixing across the boundary between the surface and bottom
water zones. However, this effect is offset by the downward transfer of the surface water
zone into the bottom water zone. The release of water from the bottom water zone valve,
rather than the surface water zone spillway, enhances this downward water movement.
Algal growth & composition response conditions:
 Light – moderate light availability under moderate SS levels;
 Inflowing phosphorus adsorption on the SS surfaces and removal by settling of the SS to
the Lake sediments. Potential for transfer of bottom water phosphorus limited by
downward transfer resulting from rural inflow to surface water zone;
 Nitrogen level & composition – generally well nitrified surface water zone, under
moderate mixing conditions and settling of organic material (BOD) to bottom water zone;
 Increased water detention time, and cessation of washout, providing the potential for
increased algal growth;
 Mixing conditions – moderate levels of mixing, sustaining growth of Chlorophyta algae.
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Molonglo Reach & East Basin water quality and algal responses:
In the case of moderate Molonglo River inflow condition, the water quality and algae (including
washout from the Queanbeyan STWks maturation ponds) of the Molonglo River inflow will
continue to dominate water quality and algae in the Molonglo Reach.
For the moderate inflow condition, there is a significant reduction in the Molonglo River flow
velocity on entering East Basin. As a result, the bulk of the organic matter flushed-out by these
events is deposited in East Basin. This is reflected in the severe reducing conditions observed in
the data in East Basin, following urban catchment discharge events, not-with-standing the
shallow nature of the Basin.
Water quality in the Basin reflects wash-out from the deep Molonglo River pools, the
decomposition of organic material deposited in East Basin by significant storm (Stormwater)
events or flood (Molonglo and Jerrabomberra catchments Rural discharge) events, and wind
events. However, the level of sustained through-flow will limit time available for algal growth in
the Basin, and maintain good mixing conditions and re-aeration, limiting algal biomass, and
promoting Chlorophyta growth rather than Cyanobacteria.
Observed water quality and algae
Table 7.4 B. Molonglo Reach observed summer water quality & algae levels & composition
Year
1986
1992
2000
2001
2002

Light
SS
NA
NA
3.7
8
19

Turb
4
19
4.4
9
21

Cond
200
NA
220
240
290

Nutrients
TP
0.125
0.050
0.032
0.034
0.057

TN
NA
NA
0.55
0.67
1.60

NO3
0.53
0.40
0.05
0.35
1.00

NH3
0.04
0.09
0.06
0.03
0.09

Algae
Chlor
19.3
12.7
3.9
5.4
5.7

Bacil
620
50
250
260
250

Chloro
1070
420
1370
920
450

Chrys
700
55
1
70
0

Cyano
810
1
0
0
0

Table 7.4 C. East Basin observed summer water quality & algae levels & composition
Year
1986
1992
2000
2001
2002

Light
SS
17.0
14.4
11
16.7
17

Turb
NA
11
13
18
21

Cond
178
NA
221
239
270

Nutrients
TP
0.140
0.034
0.043
0.057
0.060

PO4
NA
NA
0.002
0.005
0.006

NO3
0.195
0.267
0.110
0.068
0.350

NH3
0.021
0.025
0.009
0.042
0.020

Algae
Chlor
13.3
11
4.9
20
23

Bacil
300
250
495
630
150

Chloro
590
950
2450
3510
12870

Chrys
300
160
1
1
3

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
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West Lake & Yarramundi Reach water quality and algal responses:
As the Lake will stratify over summer for this inflow condition, the moderate Molonglo River
inflow is now into the surface water zone, with net water balance transfer through the
thermocline from the surface water zone, downwards into the bottom water zone, minimising the
potential for transfer of nutrient rich bottom waters into the surface water zone.
With the oxidation of organic material across the shallow areas of West Lake, some phosphorus
will be released into the shallow water zone, sustaining algal growth. For the extended retention
period, the moderate‟ light‟ conditions and the moderate „mixing‟ conditions, it is expected that
there will be moderate levels of algal growth, with Chlorophyta the dominant algae, and
excepting in situations of a major urban stormwater discharge, low levels of Cyanobacteria.
In the case of Yarramundi Reach, the deeper – more confined nature of this Reach means that
limited phosphorus is available from its sediments to support algal growth. Nutrient supply is
predominantly via the pre-stratification levels of phosphorus, together with wash-through from
West Lake upstream.
Observed water quality and algae
Table 7.4 D. West Lake observed summer water quality and algae levels & composition
Year
1979
1986
1992
2000
2001
2002

Light
SS
NA
NA
NA
6
5
10

Turb
NA
32
NA
12
8
10

Cond
NA
150
180
220
220
270

Nutrients
TP
NA
0.11
0.05
0.037
0.033
0.030

PO4
NA
NA
NA
0.003
0.006
0.005

NO3
NA
0.25
NA
0.24
0.06
0.08

NH3
NA
0.03
0.04
0.02
0.03
0.03

Algae
Chlor
NA
7
3
5
9
14

Bacil
NA
300
20
250
170
200

Chloro
NA
600
300
550
1100
1300

Chrys
NA
250
20
0
0
0

Cyano
NA
0
700
400
250
220

Table 7.4 E. Yarramundi Reach observed summer water quality and algae levels & composition
Year
1979
1986
1992
2000
2001
2002

Light
SS
NA
NA
5
4.8
4.9
5.9

Turb
18
NA
6
8
4.3
5.6

Cond
164
160
NA
220
220
280

Nutrients
TP
NA
0.07
0.034
0.030
0.026
0.021

PO4
NA
NA
NA
0.006
0.003
0.003

NO3
NA
0.20
0.10
0.15
0.022
0.083

NH3
NA
0.041
0.030
0.023
0.016
0.024

Algae
Chlor
NA
6.4
2
1.9
7
6.5

Bacil
NA
180
60
80
120
160

Chloro
NA
300
120
500
1295
850

Chrys
NA
180
60
0
1
3

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
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7.5 ‘Low rural inflow and high to moderate stormwater discharge’ condition
Molongo inflow of 20 ML/d and Stormwater inflow of 300 ML/d:
Table 7.5 A. Summer periods of „high rural inflow & stormwater discharges‟
Year

Molonglo average summer
inflow ML/d
1982
30
1983
33
2007
20
2008
35
2009
22
2010*
??
Notes: * values up until 13/2/2010

Molonglo range of summer
inflows ML/d
10 – 40
3 – 40
1 – 40
6 – 50
1 – 40
10 - 100

Maximum Sullivans Ck
discharge ML/d
320
310
150
140
300
350

Inflow pathway & Lake water balance conditions:
Figure 3 A. Summer (Low rural inflow – high stormwater discharge) water balance
Water supply abstraction

Stormwater
discharge

Rural inflow
Evaporation loss

Transfer of stormwater discharge to surface water zone,
enhancing potential for transfer of nutrient rich
bottom water into the surface water zone.
Limited valve release
bottom water
Daily water balance for Surface water Zone = Qrural + QSTWks - Qevap + Qabstract + Qtransfer
Daily water balance for Bottom water Zone = Qurb stmw – Qvalve – Qtransfer
where: QSTWks summer = 8 ML/d (surface water zone top-up)
Qevap summer = 30 ML/d (surface water zone loss)
Qabstract summer = 15 ML/d (surface water zone loss)
Consequently, for conditions of low rural inflow, there is a daily deficit of 37 ML/d.
Under low rural inflow conditions, the contribution of the Molonglo River to surface water
inflow is minor, with little contribution to mixing in the zone, and zero „wash-out‟ of algal
growth. The discharge of significant stormwater volumes to the bottom water zone results in
significant transfer of nutrient rich bottom waters into the surface water zone, enhancing both the
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potential for algal growth and the physical and nutrient conditions favouring dominance by
cyanobacteria.
Lake physical & chemical water quality response conditions:
 Low Molonglo River inflows (predominantly groundwater based – low in SS, high in
TDS) are into the surface water zones, but contribute little mixing energy;
 Poorly mixed surface water zone, and stratification of Lake over the late spring to early
autumn period;
 Low TP inflow, but potential for low levels of bio-available Phosphorus, in view of the
low level of SS adsorption of nutrients, and „direct‟ availability processes (particularly
for upstream Lake zones);
 Ongoing decomposition of organic material in sediments previously deposited by
elevated flows, under conditions of poor mixing in shallow surface waters, and cessation
of re-aeration in the deeper stratified zones of the Lake;
 Decomposition of organic material in the deeper zones resulting in depletion of oxygen
levels, and greater production of NH3 under the more severe reducing conditions, with
the potential for reduction of ferric iron and release of orthophosphate in some areas;
 The sharp flow peak in the urban stormwater discharge, with flow lasting only 2 to 4 hrs,
results in a discharge plume well into the bottom water zone, with deposition of labile
organic material into the poorly mixed bottom water zone, rather than the inlet
depositional zone, further exacerbating depletion of oxygen and release of bio-available P
from the sediments into the bottom water zone;
 The high inflow energy associated with the high velocity urban stormwater discharge, has
the potential for enhanced mixing across the boundary between the surface and bottom
water zones;
 Some recycling of nutrients in shallow waters associated with death and deposition of
algae, but depletion of nutrients in surface water zones for both the deep (stratified) areas
and the shallow (weakly mixed) areas of the Lake, unless replenished by transfer of
nutrient rich bottom water into surface water zone.
Algal growth & composition response conditions:
 Light – excellent penetration of light deep into the surface water zone;
 Significant transfer of bio-available phosphorus into the base of the surface water zone, in
association with stormwater discharges to the bottom water zone, and mixing of the
interface by the high inflow energy of the stormwater discharges;
 Bio-available phosphorus – significant levels of phosphorus transferred from bottom
water zone to surface water zone;
 Nitrogen level & composition – potential for increased ammonia levels associated with
transfer from ammonia rich bottom waters, and poor mixing/aeration in surface water
zone;
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Residence (available growth) time & washout – long residence time & cessation of
washout – no longer a limiting factor;
Mixing conditions – poor mixing of the surface water zone, favouring growth of the
cyanobacteria with their buoyancy vacuole facility.

Molonglo Reach & East Basin water quality and algal responses:
In the case of the low Molonglo River inflow condition, there is a shift to a dual „direct‟ and
„indirect‟ algal uptake of phosphorus, with phosphorus discharged in Queanbeyan STWks
effluent directly available to algae under the low SS condition, and ongoing decomposition of
organic material deposited by previous discharge events, with release of ammonia under the
severe reducing conditions in the deeper pools, and reduction of ferric iron and release of
previously bound orthophosphate into the water column. Under conditions of low flow –
extended detention time, and poor mixing, there is a potential for high algal biomass growth and
domination by Cyanobacteria.
Significant water stratification and associated reducing conditions in sediments of the Molonglo
Reach pools are evident in the physical and oxidation–reduction graphs, with periods of anoxic
bottom waters following large discharge events, and low pH (indicating P/R < 1). While the
upgraded phosphorus removal at the Queanbeyan Sewage Treatment Works has significantly
reduced TP levels in the Molonglo Reach area, it appears that algal biomass in this zone is more
a function of available growth (water detention) time than limits to available phosphorus.
The severe reducing conditions – low DO and extreme algal levels in the Molonglo Reach pools,
point to the significant role of these features in mobilizing nutrients in a highly bio-available
form, and in generating significant organic loads, which are periodically washed into East Basin
during storm events.
For the Queanbeyan STWks effluent TP = 0.1 mg/L since 2009, full utilization of the bioavailable phosphorus would yield a Cyanobacteria levels of the order of 50,000 cells/ml.
A TP discharge close to 0.1 mg/L is about the limit of the technology for a sewage treatment
plant the size of the Queanbeyan STWks. It is recommended that a surface water zone mixer be
installed in the Molonglo Reach, as the means of limiting Cyanobacteria growth.
In the case of East Basin, under the low Molonglo River inflow conditions, there is ongoing
decomposition of organic material deposited by previous discharge events, with release of
ammonia under the severe reducing conditions in this inlet depositional zone, and reduction of
ferric iron and release of previously bound orthophosphate into the water column. Under
conditions of low flow – extended detention time, and poor mixing, there is a potential for high
algal biomass growth and domination by Cyanobacteria. Wind is an important modifier of
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conditions in East Basin, as a result of its open shallow nature, and location at the eastern end of
the Lake (prevailing westerly winds). While enhancing mixing over the duration of the wind
condition, the waves generated by the wind also re-suspend the fine clays in the sediments,
limiting light, and thereby enhancing the competitive advantage of Cyanobacteria.
Observed water quality and algae
Table 7.5 B. Molonglo Reach observed summer water quality & algae levels & composition
Year
1982
1983
2007
2008

Light
SS
NA
NA
10
16

Turb
16
8.5
8
10

Cond
320
400
400
370

Nutrients
TP
NA
0.590
0.048
0.085

TN
NA
NA
1.08
0.85

NO3
NA
0.01
0.32
0.01

NH3
0.01
0.02
0.02
0.01

Algae
Chlor
NA
49
11
32

Bacil
NA
1720
NA
NA

Chloro
NA
9430
NA
NA

Chrys
NA
0
NA
NA

Cyano
NA
51450
NA
NA

Table 7.5 C. East Basin observed summer water quality & algae levels & composition
Year
1982
1983
2007
2008
2009
2010

Light
SS
27.4
37
27
11.7
16.7
42

Turb
NA
NA
23
9.3
15.7
39.3

Cond
NA
NA
420
320
350
310

Nutrients
TP
0.055
0.078
0.076
0.044
0.054
0.082

PO4
NA
NA
0.002
0.003
0.003
0.003

NO3
0.008
0.005
0.002
0.003
0.003
0.231

NH3
0.010
0.046
0.007
0.001
0.003
0.060

Algae
Chlor
30
15
28
17.3
33
25

Bacil
0
490
3280
2830
22450
6680

Chloro
1320
7970
6960
4170
20790
4640

Chrys
0
0
1000
230
1330
280

Cyano
171630
5140
39160
8620
69800
99990

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
West Lake & Yarramundi Reach water quality and algal responses:
Under the low Molonglo River inflow condition, the SS levels are low, with excellent light
availability, high levels of transfer of bio-available phosphorus and ammonia associated with the
transfer of nutrient rich bottom waters into the surface water zone, long detention times and poor
mixing conditions. As a result, there is a significant potential for high levels of algal biomass,
and dominance by Cyanobacteria.
As noted above, the high inflow energy associated with the high velocity urban stormwater
discharge, has the potential for enhanced mixing across the boundary between the surface and
bottom water zones, significantly increasing the transfer of bottom water zone nutrients into the
surface water zone.
The CRC for Freshwater Ecology Research on Canberra‟s water pollution control ponds
(Lawrence & Baldwin 1998) indicated that under summer high solar radiation conditions and
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light winds, even waters as shallow as 2 m are subject to stratification during the day, with remixing over night with cooling of the surface water layer.
Under the poor mixing conditions, Chlorophyta are seriously disadvantaged in respect to lack of
turbulence to cycle the cells through the surface euphotic zone. Algae having buoyancy vascules
such as the Cyanobacteria microcystis, on the other hand, is better able to maintain their position
in the euphotic zone under the thermal current conditions during the day, while sinking to the
bottom water zone overnight (opportunity to access nutrients), and to re-float to the surface over
the day, to photosynthesize.
In the case of Yarramundi Reach, the deeper – more confined nature of this Reach means that
limited phosphorus is available from its sediments to support algal growth. As in the case of
West Lake above, the nutrient supply is predominantly via the pre-stratification levels of
phosphorus, together with the transfer of nutrient rich bottom waters into the surface water zone,
as a result of the discharge of stormwater into the bottom water zone. Under the poor mixing
conditions, Cyanobacteria again becomes the dominant algae under this condition.
The deep waters through the Tarcoola and Yarramundi Reaches develop a strong temperature
gradient with depth over the summer periods, resulting in the isolation of the bottom water zone
(hypolimnion) from the re-aerated surface water zone (epilimnion). Consequently, with
continued deposition of organic matter, including the dead algal cells, to the bottom sediments,
bottom waters become anoxic. As a result, nitrogen in the sediments is transformed into
ammonia (rather than nitrogen gas and nitrate for well aerated sediments), and iron is
transformed from an insoluble to a dissolved form, releasing phosphorus from the sediments as
ortho-phosphate.
With daily variation in temperature over the summer, and variable wind conditions, the actual
depth of the layer separating the surface and bottom water zones varies. As a result, a portion of
the nutrient rich bottom water, will be transferred into the surface waters.
Observed water quality and algae
Table 7.5 D. West Lake observed summer water quality and algae levels & composition
Year
1982
1983
2007
2008
2009
2010

Light
SS
NA
NA
13
5
8
9

Turb
14
12
7
8
8
6

Cond
280
350
410
320
350
400

Nutrients
TP
0.04
0.026
0.04
0.03
0.03
0.03

PO4
NA
NA
0.009
0.002
0.005
0.002

NO3
0.03
0.03
0.002
0.003
0.01
0.02
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NH3
0.03
0.04
0.02
0.01
0.03
0.01

Algae
Chlor
24
5.1
9.0
12
9
10

Bacil
100
100
1200
2400
2000
800

Chloro
1160
1065
2130
1100
1560
6000

Chrys
0
0
760
5
160
0

Cyano
135800
2500
6300
26600
31200
63750
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Table 7.5 D. Yarramundi Reach observed summer water quality and algae levels & composition
Year
1982
1983
2007
2008
2009
2010

Light
SS
NA
NA
6
NA
4
6

Turb
6
6.5
3.6
NA
4.5
3.5

Cond
280
350
400
NA
350
390

Nutrients
TP
0.028
0.026
0.025
NA
0.030
0.030

PO4
NA
NA
0.002
NA
0.003
0.001

NO3
0.09
0.03
0.003
NA
0.003
0.006

NH3
0.03
0.04
0.004
NA
0.003
0.030

Algae
Chlor
10.1
5.1
6.0
NA
10
31

Bacil
16
100
2160
NA
1350
8130

Chloro
360
1065
3820
NA
1500
4450

Chrys
0
0
980
NA
100
0

Cyano
61300
2500
670
NA
27710
35730

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
Regression analysis has confirmed that for low rural inflow & moderate to high stormwater
discharges conditions, the stormwater discharges were the major trigger of Cyanobacteria
blooms and Faecal Coliform (regrowth) blooms in West Lake and Yarramundi Reach, over the
period 1999 to 2010.
West lake (2000 – 2010):
Cyanobacteria = 17800 – 197.2Q + 0.60Q2; F = 20.4, p = 0.0003, n = 13
(Statistically Highly Significant)
Yarramundi Reach (2000 – 2010):
Cyanobacteria = 6950 – 48.1Q + 0.175Q2; F = 9.4, p = 0.003, n = 16
(Statistically Significant)
For rural discharges of 500 ML/d or higher, the algal levels appear to be substantially moderated.
The effects of the urban stormwater discharge into the bottom water zone comprise:
 Transfer of nutrient rich bottom water into the surface water zone;
 Further contribute to the loads of nutrients and organic material accumulated within the
bottom water zone;
 Provide some turbulence (physical disturbance) adjacent to the thermocline, enhancing
the transfer of nutrients across this zone.
It is probable that it is this last dot point that is primarily responsible for the rapid response of
Cyanobacteria following stormwater discharges to the Lake (1 to 2 weeks).
Analysis of the daily summer transfer of hypolimnion P to the epilimnion as a result of net
evaporation and water abstraction losses from the epilimnion yields a 3 kg/d transfer of
phosphorus from the bottom water zone into the surface water zone. This translates to 1.8 µg/L
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Chlorophyll „a‟ in the surface water zone, or 11000 cells/ml of cyanobacteria (assuming 100%
cyanobacteria algal composition).
It is concluded that the cyanobacteria cell density explained by the net evaporation and water
abstraction related transfer of nutrients from the hypolimnion, is well below the observed levels
of 70,000 to 140,000 cells/ml following stormwater discharges.
There appears a strong case for mixing across the thermocline caused by the energy of the
stormwater discharge, as the principal driver of cyanobacteria blooms. Because of their hydraulic
efficiency, urban stormwater discharges occur over a period of 1 to 2 hrs, as compared to several
days for rural discharges. In addition, the hydraulic efficiency of large concrete open channels
results in discharge velocities of 3 to 7 m/s. As a result, the mixing energy of a 500 ML/d
stormwater discharge is equivalent to some 30 to 50 times an equivalent Molonglo River flow.
There appears a strong case for mixing across the thermocline caused by the energy of the
stormwater discharge, as the principal driver of Cyanobacteria blooms. Because of their
hydraulic efficiency, urban stormwater discharges occur over a period of 1 to 2 hrs, as compared
to several days for rural discharges. In addition, the hydraulic efficiency of large concrete open
channels results in discharge velocities of 3 to 7 m/s. As a result, a 500 ML/d stormwater
discharge mixing energy is equivalent to some 30 to 50 times an equivalent daily lower slope
rural discharge.
7.6 ‘Low rural inflow and low stormwater discharge’ condition
For Molongo inflow of 10 ML/d and Stormwater discharges of 5 ML/d
Table 7.6 A. Summer periods of „high rural inflow & stormwater discharges‟
Year

Molonglo average summer
Molonglo range of summer
inflow ML/d
inflows ML/d
2003
5
0 – 10
2004
15
2 – 20
2005
15
1 – 50
2006
24
7 - 30
Notes: * One exception – 300 ML/d on 21/2/2003
# Two exceptions – 155 ML/d on 4/1/2005; 226 ML/d on 20/1/2005

Range Sullivans Ck
discharges ML/d
0 – 50*
0 - 40
0 – 10#
1 - 20

Inflow pathway & Lake water balance conditions:
Low rural inflow and stormwater discharges result in full transfer of surface water deficit (Vevap
+ Vwater abstraction – Qinflow) from nutrient rich bottom water zone. Cessation of valve release of
bottom water, under condition of Lake water deficit.
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Figure 3 B. Summer (low rural & stormwater inflow) water balance
Water supply abstraction
Rural inflow

Stormwater
discharge

Evaporation loss

Vtransfer = Vevap + Vabstraction - QMolonglo – Qstormwater = 0 to 20 ML/d (bottom water to surface water
zone), depending on the volume of the stormwater discharges
Lake physical & chemical water quality response conditions:
 Low Molonglo River inflows (predominantly groundwater based – low in SS, high in
TDS) are into the surface water zones, but contribute little mixing energy;
 Poorly mixed surface water zone, and stratification of Lake over the late spring to early
autumn period;
 Low TP inflow, but potential for low levels of bio-available Phosphorus, in view of the
low level of SS adsorption of nutrients, and „direct‟ availability processes (particularly
for upstream Lake zones);
 Ongoing decomposition of organic material in sediments previously deposited by
elevated flows, under conditions of poor mixing in shallow surface waters, and cessation
of re-aeration in the deeper stratified zones of the Lake;
 Decomposition of organic material in the deeper zones resulting in depletion of oxygen
levels, and greater production of NH3 under the more severe reducing conditions, with
the potential for reduction of ferric iron and release of orthophosphate in some areas;
 The more moderate stormwater discharges in this case inflow to the surface water zone,
and as a result, significantly decrease the level of transfer of nutrient rich bottom water
into the surface water zone;
 Some recycling of nutrients in shallow waters associated with death and deposition of
algae, but depletion of nutrients in surface water zones for both the deep (stratified) areas
and the shallow (weakly mixed) areas of the Lake, unless replenished by transfer of
nutrient rich bottom water into surface water zone.
Algal growth & composition response conditions:
 Light – excellent penetration of light deep into the surface water zone;
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A reduced level of bio-available phosphorus transfer into the base of the surface water
zone, as a result of the stormwater discharges inflowing to the surface, rather than the
bottom water zone;
Nitrogen level & composition – a reduced level of ammonia transfer into the base of the
surface water zone, as a result of the stormwater discharges inflowing into the surface,
rather than the bottom water;
Residence (available growth) time & washout – long residence time & cessation of
washout – no longer a limiting factor;
Mixing conditions – poor mixing of the surface water zone, but moderated as a result of
some stormwater inflow to the surface water zone.

Molonglo Reach & East basin water quality and algal responses:
As for Section 7.5 above.
Conditions in the Molonglo Reach continue to reflect the dual „indirect‟ and „direct‟ phosphorus
supply processes.
Observed water quality and algae
Table 7.6 B. Molonglo Reach observed summer water quality & algae levels & composition
Year
2003
2004
2005
2006

Light
SS
5.4
8.9
5.0
6.0

Turb
5.9
8.6
2.6
6.5

Cond
500
380
460
360

Nutrients
TP
0.028
0.046
0.032
0.039

TN
0.72
0.73
0.52
0.75

NO3
0.01
0.01
0.01
0.13

NH3
0.02
0.01
0.02
0.01

Algae
Chlor
18
20
13
11

Bacil
240
NA
NA
NA

Chloro
2100
NA
NA
NA

Chrys
0
NA
NA
NA

Cyano
0
NA
NA
NA

Table 7.6 C. East Basin observed summer water quality & algae levels & composition
Year
2003
2004
2005
2006

Light
SS
19.7
13
13.7
12

Turb
19.3
11
10.8
13

Cond
330
360
390
350

Nutrients
TP
0.053
0.044
0.041
0.057

PO4
0.004
0.004
0.005
0.004

NO3
0.002
0.002
0.011
0.035

NH3
0.008
0.005
0.022
0.006

Algae
Chlor
11
13
6.6
13.3

Bacil
200
340
470
1500

Chloro
1780
5750
1210
7330

Chrys
3
7
0
31

Cyano
6490
3410
1040
2250

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
West Lake & Yarramundi Reach water quality and algal responses:
Under the low Molonglo River inflow condition, the SS levels are low, with excellent light
availability, but in this inflow condition, limited levels of transfer of bio-available phosphorus
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and ammonia from the nutrient rich bottom water zone. While there is a high potential for algal
growth under these inflow conditions in respect to available light and detention time, nutrients
necessary to support growth are generally limiting.
The poor mixing conditions continue to favour Cyanobacteria growth. However, the excellent
light condition, and the absence of a „high nutrient‟ layer at the base of the surface water zone
(cessation of transfers from the bottom water zone), appear to disadvantage the Cyanobacteria.
Observed water quality and algae
Table 7.6 D. West Lake observed summer water quality and algae levels & composition
Year
2003
2004
2005
2006

Light
SS
7
9
6
8

Turb
7
7
4.6
6.4

Cond
330
370
400
340

Nutrients
TP
0.03
0.037
0.027
0.04

PO4
0.008
0.003
0.003
0.003

NO3
0.004
0.003
0.01
0.05

NH3
0.012
0.005
0.007
0.007

Algae
Chlor
7
11
5.4
8.1

Bacil
70
570
1140
1670

Chloro
1900
4300
1390
5400

Chrys
0
0
0
0

Cyano
1300
860
1930
1232

Table 7.6 E. Yarramundi Reach observed summer water quality and algae levels & composition
Year
2003
2004
2005
2006

Light
SS
2.7
6.2
3.5
5.5

Turb
2.8
4.9
2.0
3.1

Cond
320
370
400
340

Nutrients
TP
0.018
0.020
0.017
0.022

PO4
0.004
0.003
0.002
0.002

NO3
0.003
0.009
0.003
0.060

NH3
0.012
0.015
0.003
0.006

Algae
Chlor
4.3
5.3
4.9
5.0

Bacil
40
1175
2070
1200

Chloro
740
2800
1740
4150

Chrys
0
0
0
7

Cyano
320
3150
990
2100

The observed water quality and algal levels and composition data are consistent with the
responses predicted by this conceptual model.
Management ramifications
The management ramifications of this analysis is that it is the „volume‟ and „rate of discharge‟ of
urban stormwater during extended dry periods that are the major triggers of Cyanobacteria
blooms. Actions to reduce (attenuate) this discharge, such as abstraction of stormwater prior to
discharge to the Lake for sportsground irrigation, will be highly beneficial.
The rate of the surface water zone - water loss is another key management area. The Sewage
Treatment Plant Effluent discharge into the surface water zone, significantly reduces the bottom
water transfer over summer periods. Conversely, the abstraction of water from the surface water
zone for watering of the Golf Course, parks, the Botanic Garden, and the Turf Farm,
significantly exacerbates the rates of bottom water transfer to the surface water zone.
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There is a management option here to require abstraction from the bottom water zone, and to
review the balance between the economic benefits of use of Lake water for irrigation, and the
environmental impacts on the Lake.
The significant (and growing) contribution of urban stormwater to labile organic matter in the
bottom water zones of the Lake, is the key underlying driver of bio-available nutrients sustaining
algal growth in the Lake. The pattern of stormwater events modify the timing and quantity of
nutrient transfer from the bottom water to the surface water zone.
7.7

Modifiers of the water quality and algal growth processes

Role of iron binding of phosphorus
Throughout the 1978 to 2011 period, phosphorus appears to be the limiting nutrient in respect to
algal biomass in the lake. Mention has been made through this Assessment regarding the key role
of iron in binding of phosphorus as FePO4+, and its removal from the water column. How does
this process bear on the responses of cyanobacteria?
In natural waters, Ferric Phosphate occurs primarily as part of a metastable chelate, comprising a
mix of FeHPO4+ & Fe(OH)2+ in varying proportions, depending on pH:
 at pH values less than 7.0, FePO4 will precipitate as solid FePO4(s).
 at neutral to slightly alkaline pH range, the precipitate is a metastable ferric compound
containing both PO43- and OH- in varying proportions, depending on pH.
 as pH increases above pH 7.0, the attachment of hydroxyl ions OH- will begin to
increase, and the attachment of PO43- ions will decrease. viz: the non-chelated phosphorus
will become more biologically available.
Hence, both pH and redox levels, play an important role in determining the level of adsorption of
ortho-phosphate in iron chelates. Cyanobacteria also modifies these systems, by photo-reduction
of Fe(III) to Fe(II), and the production of siderophores (a chelating organic compound), holding
FeHPO4+ in a soluble form available to the prokaryotes (cyanobacteria), but not to the eukaryotes
(Greens, Diatoms). Typically, there are moderate levels of „chelated – low solubility Fe(III)‟ in
the well oxidized surface waters, and high levels of „chelated - high solubility Fe(II)‟ in the low
oxygen bottom waters.
The pH of surface waters is typically alkaline, as a result of the consumption H+ ions in the
photosynthesis process. Conversely, the pH of bottom waters is typically less than the surface
waters (by up to 1 unit), as a result of the production of H+ ions by the reduction process.
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Cyanobacteria are typically found in low O2 environments, in which nitrogen will be
predominantly in NH4+ form. The presence of NH4+ suppresses the synthesis of nitrate reductose,
blocking the transport of NO3- across the algal cell membrane. Cyanobacteria have to reduce
NO3- to NO2- and NO2- to NH4+, in order to assimilate nitrogen in the photosynthesis process.
Hence, direct uptake of NH4+ is a much more efficient pathway for the organism‟s growth.
Role of Nitrate in ameliorating cyanobacteria levels
Many lakes and reservoirs downstream of large urban areas, have accumulated a large organic
biomass in their sediments, resulting in „high reduction‟ stress in bottom waters and sediments –
conditions conducive to low oxygen, high production of NH4+, and cyanobacteria blooms.
Nitrate (NO3) is viewed as a beneficial nitrogen compound, in terms of its capacity to oxidize
lake sediments previously subjected to high levels of phosphorus and organic matter loading.
The direct injection of nitrate into sediments has been used as one means of offsetting the
potential for reduction of sediments by ongoing organic matter (Ripl 1994). In a number of
„eutrophied lake remediation projects‟ involving the diversion of sewage effluent away from the
lake, exacerbation of blue-green algal blooms has been observed (Cullen & Forsberg 1988).
There is recognition of the value of retaining treated sewage effluent low in phosphorus and
BOD, but high in nitrate, in discharges to lakes, as a valuable buffer to the reduction of the
sediments and associated release of sedimented phosphorus into the water column. This was the
ACT experience in relation to remediation of Burrinjuck Reservoir. The commissioning of the
Lower Molonglo Water Quality Control Centre (LMWQCC) de-nitrification facility in 1980
resulted in significant exacerbation of blue-green algal outbreaks. The closure of the denitrification facility in 1982 resulted in a major reduction in algal biomass and a return to
Chlorophyta algal dominance.
Nitrate acts as a significant oxidant in respect to the decomposition of organic matter. NO3- is
reduced to NO2- and subsequently to NH4+ (ammonification). Some NH4+ will then react with
NO2- to produce N2(g) (de-nitrification), diminishing the mass of NH4+ in the bottom water. Denitrification rates for these waters are typically of the order of 30%. viz: high NO3- waters are
able to „oxidise‟ significant quantities of organic matter, without significantly increasing bottom
water NH4+ levels, taking some of the demand off the O2 system. It provides a significant
buffering of the sediment reduction process – a decrease in the formation of NH4+ and release of
phosphorus.
High nitrate may also limit the ability of cyanobacteria to block (production of siderophores) the
growth of the Greens & Diatoms, enabling strong growth of Green and Diatom algae, or the high
NO3-/NH4+ ratio simply promotes the Green algae, which will outcompete the cyanobacteria in
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respect to rate of uptake of phosphorus. However, the mechanism for limiting the cyanobacteria
production of siderophores is not clear.
Stability of fine suspended solids
Irrespective of catchment discharges, the turbidity levels in the Lake are primarily determined by
wave (wind driven) re-suspension of SS in East Basin and erosion of the eastern shoreline, and
the rate of coagulation and deposition of re-suspended material (function of Lake TDS levels).
Hence, the turbidity levels reflect in large part the dominant ions for soils of the catchment
(sodium), and are unlikely to change into the future.
The SS loading results in mixed outcomes. The high rate of loading on East Basin results in
burial of sediment fauna in the Basin. Conversely, the blanket of SS, high in iron, provides a
significant adsorption capacity in respect to binding of phosphorus in the sediments, thereby
limiting the mass of available phosphorus for algal growth in the Lake water.
The frequency and severity of algal scums and odours appears to be the principal threat to
aesthetic values.
Role of wind
Table 7.7 Impact of 10th December 2009 wind event, Yarramundi Reach
Date
18/11/2009
18/12/2009
14/1/2010
15/2/2010

Surface water
Temp 0C
23.4
21.4
25.5
23.2

Bottom water
Temp 0C
13
21.2
14.6
21.3

DO mg/L
9.3
7.7
7.8
6.8

DO mg/L
3
7.4
0.3
0.1

Cyanobacteria
Cells/ml
818
7262
20190
39578

Typically, in early to mid-Autumn, the surface waters have cooled to the point where surface and
bottom waters are in equilibrium in terms of temperature, and full mixing of the two water zones
– an event termed „turnover‟ occurs. However, the timing of „turnover‟ can be modified by a
strong wind event (60 km/hr wind in December 2009 resulting in an algal bloom in February
2009), or a significant discharge to the Lake, such as the December 2010 flood. Apart from the
years 1993, 1994, and 2009, there is little indication of algal blooms associated with this
„turnover‟ event.
7.8

Faecal coliform response processes

Levels of faecal coliform in the lake reflect levels in inflows to the Lake, and in particular, the
urban stormwater inflows, production by water birds and other mammals in the Lake, and re-
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growth of sedimeted Coliforms under suitable temperature and organic material (macrophytes,
algae, organic detritus) breakdown conditions.
Escherichia Coli was used in the past as an indicator of human faecal contamination. However,
in view of its unreliability as an indicator of faecal contamination, the NHMRC has recently
recommended the adoption of Enterococci for use as an indicator of faecal pollution in
Australian freshwater. As the monitoring for faecal pollution in Lake Burley Griffin has been
based on E.Coli up until 2009, this Review is based on the results of E.coli monitoring.
Free bacteria are exposed to losses as a result of salinity & predation (mortality), by solar
irradiation, and by adsorption onto particulate material and its removal by sedimentation.
Adsorbed bacteria are masked from the effects of salinity, predation & irradiation (e.g. impact of
turbidity on chlorine & UV disinfection), but are removed from the water column by
sedimentation.
While upgrades to sewage infrastructure in Queanbeyan (Sewage Treatment Works & Morriset
St Pump Stn) have significantly reduced the frequency of point source (sewage) spills, the
continued frequency of sewage pond flooding or failure, or other storm event related spills, has
resulted in a significant number of Lake closures.
While upgrades to sewage infrastructure in the Sullivan‟s Creek within the ACT have
significantly reduced the frequency of point source (sewage) spills, the house-connecting sewer
ties (non-point source) continue to be a significant source of faecal contamination to urban
stormwater. The „condition of the Catchments‟ assessment indicated that there was a significant
increase in the discharge of faecal coliform from urban catchments. This trend, together with the
increase in urban areas within the catchment, is resulting in significant increase in the level of
faecal material discharged to the Lake.
The faecal pollution indicator (Escherichia coli) used over the period 1978 to 2009, is able to regrow under conditions of elevated temperature and high nutrients, frequently present in summer
in association with decomposing plant material (macrophytes or algae). In 2008, NHMRC
adopted the use of Enterococci in place of E. coli, as a more reliable indicator of freshwater
faecal pollution. Within the Lake Burley Griffin monitored data, there are several instances
where faecal coliforms appear to be re-growth, rather than fresh faecal contamination based.
While the NHMRC Recreational Waters Guidelines 2008 recommend the adoption of
Enterococci bacteria in place of Faecal coliform, as more robust as an indicator of faecal
pathogens, the Guidelines are silent on the issue of the potential for regrowth of this indicator, or
of the health risks associated with regrowth.
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The World Health Organisation acknowledges that viruses and parasites are unable to reproduce
without a warm blooded host. viz: they are not viable in „regrowth‟ situations.
However, WHO notes that there are a few (opportunistic) pathogens that have been observed to
grow under regrowth conditions. Typically, their growth is associated with sediment or biofilm
substrata.
Testing indicates that the regrowth pathogens comprise different strains of the pathogens to those
implicated in gastro-intestinal diseases. (Fricker, C.R. (2003). The presence of bacteria in water
after regrowth. In J. Bartram (Ed) 2003. Heterotrophic Plate Counts and Drinking Water Safety.
WHO)
The research undertaken by Dr David Gordon, for the National Capital Authority 2007, on
regrowth related Faecal coliform in Lake Burley Griffin, similarly indicated that the regrowth
coliform was a different strain to that present in sewage.
The inference is that the risk to health in situations of regrowth is low. However, further
epidemiological studies are required before dismissing the potential for health risks associated
with regrowth of faecal contamination indicators.
Where elevated Enterococci bacteria are monitored, the NHMRC Guidelines require the
implementation of a „sanitary survey‟. Where a sewage spill or discharge is identified, then the
assessment of risk can be based on the discharge of a specific source and quantity of discharge.)
The management response in respect to assessment of health risk associated with faecal
contamination, comprises a six fold set of actions:
 Undertake a review of the adequacy of Queanbeyan STWks infrastructure in respect to
unacceptable frequency of flooding or failure or storm related spills of partially treated
sewage from the Works;
 Overview of the performance of Enterococci bacteria in place of Faecal Coliform, in
respect to confoundment by animal excreta;
 monitor the performance of Enterococci bacteria in respect to the „re-growth‟ conditions
in embayment sediments, including review of ongoing epidemiological research findings
in respect to health risks associated with „regrowth strains‟ of pathogens;
 establish a rigorous and comprehensive procedure for rapid „sanitary surveys‟ in the
event of elevated indicator levels;
 investigate sources of faecal contamination entering the urban stormwater systems, the
significance of this source, and long term strategies for reducing this loading;
 investigate the composition of faecal contamination in the embayments, including bather
shedding, birds and animal sources, and sediment re-growth of bacteria, as part of an
ongoing assessment of health risks;
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7.9

introduction of pump based circulation of embayment and deep open waters.
Embayments response processes

As noted in the „Condition of the Lake‟ assessment, the embayments have experienced frequent
moderate Cyanobacteria cells number events, and Faecal Coliform & Enterococci exceeding
Health guidelines, over the period of available data (October 2007 – 2011) period.
The shallow nature of the embayments and their semi- enclosed locations, results in poor mixing
and high temperatures over the summer months. Wind-blown algal scums from the open waters,
collect in the embayments, contributing to build-up of high organic loads within the sediments.
Elevated turbidity within these shallow zones may also contribute to dominance by
Cyanobacteria algae.
The Weston Beach embayment has the greatest level of enclosure, protecting it from high wind
blown algal scums, but as a result of poor mixing, retaining much of the Faecal Coliform &
Enterococci generated in the embayment. While Yarralumla Beach has marginal levels of
enclosure, it is on the windward side of the Lake in respect to prevailing NW wind, resulting in
significant accumulation of wind-blown scum in the embayment. The Black Mountain Beach is
the most open site, and its NW to SE orientation means that there is minimal accumulation of
Blue Green algael scum on the beach, and greatest dispersion rate of locally generated Faecal
Coliform and Enterococci.
Research under the „Californian Clean Beaches Initiative‟, have identified the regrowth of Faecal
bacteria in sediments of shallow embayments, as a major source of Faecal bacteria within the
water column. Management responses include the cleaning and periodic replacement of sediment
material. (Largier & Taggart 2006).
The comparison between the 3 Beaches, and with the adjacent „open water‟ West Lake
monitoring site, indicate that shallow (warm) water, poor mixing, and high wind-blown algal
scum accumulation, are all major factors contributing to the severity of algal and bacteria
problems in the Beach areas.
7.10

Sediment response processes

The monitoring of sediment quality indicates significant variation in sediment P & N over each
season. In part, this is a reflection of the heterogeneity of sediments, but it also reflects the
seasonal uptake and sedimentation of organic material and particulates and their adsorbed P.
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Four key conclusions with respect to Lake processes:
 The sediments have accumulated a significant mass of nutrients and organic matter and
iron, since the initial filling of the Lake (1964);
 The sediments are the principal source of bio-available nutrients for plant growth in the
Lake, and play a significant mediating role in respect to availability of and storage
(cycling) of the Lake nutrients;
 The high summer temperatures and light wind conditions result in weak mixing energy in
the water column, limiting the transfer of oxygen from surface to bottom waters, and
thereby exposing the sediments to severe reducing conditions;
 As the sediments accumulate and/or are subjected to increased loads of organic material,
so their rate of reduction of iron and release of P into the water column will increase.
Table 7.8. Lake sediment values (Source: NCA Lake water quality monitoring program)
Value
TP mg/kg
SO4 mg/kg
BOD mg/kg
TOC %
TKN mg/kg
TN mg/kg

Dairy Flat
500 - 1000
20 - 200
1600 - 6360
1 – 7.6
10 - 400
1000 - 6700

East Basin
350 – 420
260 - 950

West Lake
340 – 690
30 - 300

Scrivener Dam
470 – 630
58 – 180

A key sediment process is the oxidation and reduction of nutrients and metals stored in the
sediments, changing their speciation and solubility properties. The sedimentation of organic
matter leads to growth in sediment heterotrophic bacteria (decomposition of the organic matter),
resulting in firstly, the depletion of Dissolved Oxygen, then secondly, the reduction of NO3- to
N2 (g) or NH4+. This phase is then followed by the reduction of Fe3+ (solid) to Fe2+ (aqueous),
with the release of PO4- into the water column.
It is important to note the role of NO3– in the reduction process, as a significant buffer against
reduction of Fe3+. Hence, a well nitrified Sewage effluent is a positive factor in respect to
moderating the Fe3+ reduction & PO43- release process. When the de-nitrification plant was
commissioned at Lower Molonglo Water Quality Control Centre in 1980, there was a sudden
deterioration in water quality in Burrinjuck Reservoir, with the development of high levels of
Blue Green algae. On the closure of the de-nitrification plant and restoration of an effluent high
in NO3- , the pattern of high levels of Blue Green algae ceased. Retention of a well nitrified
effluent at LMWQCC has been maintained since that time.
7.11

Role of urban stormwater

As part of the CRCFE urban water research program, sediments from a Canberra Pond were
sampled, and placed in a series of long flasks (mesocosms) in a „dark‟ room (algae excluded) in
the Laboratory. The cylinders were then filled with Pond water, and water quality samples were
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taken from each cylinder, in order to establish the starting conditions. Varying levels of groundup macrophyte material (Typha) was then added to the cylinders, and the cylinders were then
sealed for a period of 20 days. All cylinders became anaerobic, with release of a significant mass
of P. (∆MP release = 0.051 g/m2 per 1 g/m2 of ∆MBOD load, n = 6, F = 36, p = 0.0019). (Lawrence et
al 1998).
Research was also undertaken on the BOD characteristics of a range of riparian plant material, to
assess the variation in BOD decomposition rates. Native plants such as Eucalypts, are high in
lignin (refractory) material, and decay slowly (low BOD rate), as compared to grasses and
deciduous plants high in cellulose (labile) material, which decay rapidly. Grass had a BOD rate 6
times that of Eucalypt leaves, Willow leaves 2 times, and Macrophytes 1 to 2 times (Moles
O2/Mole Carbon/day). (Esslemont et al 2007). These results highlight the greater BOD/gm of
organic material demand rate of decomposing organic matter in urban stormwater discharges, as
compared to rural discharges.
But perhaps the most significant impact of urban stormwater loading is the sustained discharge
from impervious urban areas during „dry‟ periods, as compared to the cessation of runoff from
the rural areas over these „dry‟ periods.
There is another factor having a major bearing on the potential impact of summer discharges to
the Lake on algal growth – the temperature of the discharge water. Cold discharges relative to
the thermocline temperature, will dive into the bottom water zone, with little impact on summer
algal growth patterns. Warm discharges relative to the thermocline temperature, on the other
hand, will discharge into the surface water layer, replenishing the available P mass, and thereby
potentially promoting strong algal growth post the stormwater discharge.
Urban catchments have huge effective drainage coverage, which facilitate organic matter
transport via gutter systems, to stormwater. The loading typically dwarfs that of ripaprian inputs
and alters the benthic quality of receiving waters. As a result, receiving waters experience high
dissolved oxygen demands. (Belt et al 2007).
There are two other features of urban stormwater having significant implications for the Lake
water quality and algal growth response processes:
 the sustained discharge from impervious urban areas during „dry‟ periods, when the algal
growth limiting „mixing‟ and „washout‟ effects of rural discharge are absent;
 the high energy of stormwater discharges, having the velocity and mass to penetrate deep
into the Lake, and to create turbulence adjacent to the thermocline, significantly enhancing
the transfer of nutrient rich bottom waters to nutrient limited surface waters.
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The Burrinjuck Reservoir algal succession research (Lawrence et al, 2000) established that the
temperature of River discharges were a function of the season, and the level of River discharge
(inversely proportional to temperature). This pattern is even stronger with urban stormwater
discharges, as a result of the large area of impervious (heat adsorbing) surfaces. Hence, it is the
smaller – more frequent stormwater discharge events that are critical with respect to promotion
of algal growth – change in algal composition, over extended „dry‟ or drought periods.
7.12

Lake water quality & ecological response processes conclusions

The impacts on Lake environmental and use values are primarily related to the increased
incidence and levels of nuisance algal growth and faecal pollution.
With the exception of the Molonglo Reach, the growth of algae in the Lake occurs via an indirect
process. Phosphorus discharged to the Lake in runoff from its catchments or from the
Queanbeyan treated sewage effluent, is adsorbed onto the surfaces of fine silt and clay
particulates in the discharge. On entering the Lake, the reduced flow velocities result in the
settling of these particulates (and their adsorbed P) to the sediments. Given the high levels of
iron in the sediments, P is bound onto the iron, and remains buried in the sediments.
High levels (loads) of organic matter, discharged to the Lake from its catchments, settle to the
sediments. Following the sedimentation of organic material, the sediment heterotrophic bacteria
grow, consuming oxygen as they decompose the organic material. Continued growth of the
bacteria (assuming continued availability of organic material) following depletion of oxygen,
leads to the reduction of the bottom water Nitrate, followed by the reduction of Ferric iron (solid)
to Ferrous iron (aqueous) and the release of phosphate into the water column. Thus the
availability of the stressor (P) for algal uptake is via an indirect pathway.
Algal growth occurs in response to the release of sedimented P and N. Only early in the 1978 to
1980 period, when Queanbeyan sewage effluent discharge contained 8 mg/L of P, was there any
indication of occasional N limiting conditions (occurrence of N fixing algae), and then, only in
the Molonglo Reach. Hence, phosphorus is the limiting nutrient in respect to Lake Burley
Griffin.
The assessment of the „Lake water quality & ecological response‟ to catchment discharges,
demonstrated that the Lake is highly susceptible to reducing conditions in its sediments, as a
result of high summer temperatures, and weak inland wind (major source of energy driving
mixing with the water column) conditions over the summer period.
During extended „dry‟ or low inflow periods, such as the 1999 to 2009 drought, while discharges
from the urban catchments continue to stimulate algal growth cycles in the Lake, the in-Lake
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cycling (direct) processes maintain a base level of „bottom water organic matter decomposition –
mixing of nutrients through the water column – uptake by algae – algal photosynthesis & decay –
deposition of dead algal cells (organic matter) to the bottom waters‟ nutrient and algal growth
cycle.
The ultimate algal biomass level depends on ongoing availability of nutrients (N, P, C) and light,
and the available growth time (days between „wash-out‟ or „nutrient re-adsorption‟ catchment
discharge events). During normal to „wet‟ periods in respect to catchment discharges, available
P, light (highly turbid waters) and growth time are the limiting factors. During extended „dry‟
periods, available P and light (shading from algal cells) will be the key constraints.
The Assessment identified major stormwater discharges during periods of low Molonglo River
inflows, as a the key trigger of Cyanobacteria blooms in the mid to lower Lake zones. The colder
temperature associated with large stormwater discharges results in the discharge diving to the
bottom water zone. This causes the transfer of nutrient rich bottom waters into the nutrient
limiting surface water zone, resulting in rapid growth of Cyanobacteria. The high energy
associated with the high velocity stormwater discharge appears to also create turbulence and
mixing adjacent to the boundary between the surface and bottom water zones, further enhancing
the transfer of nutrient rich bottom waters to the surface water zone. In the extended dry period
condition – moderate to low stormwater discharges, the assessment indicated that grazing of the
algae by zooplankton may also be a constraint on ultimate algal biomass.
As noted above, the algal impacts on Lake environmental and use values are primarily related to
the type of algae present, and in particular, to Cyanobacteria (Blue Green) algae. Of special
importance is the shift in algal composition, from Chlorophyta dominance to Cyanobacteria
dominance, over the period 1999 to 2009.
The major precursors to Cyanobacteria dominance comprise:
 the level of organic material loading on the Lake;
 the high summer temperatures and weak wind – poor mixing conditions in the Lake
water;
 conditions of large stormwater discharges to the Lake, in association with low Molonglo
River inflow.
Collectively, these conditions overwhelmingly advantage the Blue Green algae as compared to
the Green algae. The conclusion therefore is that the change in algal composition was
predominantly a reflection of the 1999 to 2009 hydrologic and climatic conditions, in association
with the level of organic material within and discharged to the Lake.
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There does not appear to be any ecosystem structural change (the macrophyte ecosystem had
already largely eroded prior to the drought) that would prevent substantial return to dominance
by Green algae upon a return to more normal set of hydrologic and climatic conditions. The scale
of the December 2010 flood and its implications for Lake physical, chemical and biological
processes, will mask in some measure, this recovery process.
The primary implication of this phenomena for our understanding of Lake response processes, is
that the level of organic material build-up in the sediment is sufficient to trigger a shift in algal
composition, to Cyanobacteria dominance, during low inflow –„direct‟ in-lake based processes.
With increased extreme occurrence in climatic conditions predicted with Climate Change, there
will be increasing incidence of these conditions into the future.
As noted above, the impacts on Lake environmental and use values are also related to the
increasing incidence and level of faecal pollution.
Levels of Faecal Coliform in the lake reflect levels in inflows to the Lake, and in particular, the
urban stormwater inflows, production by water birds and other mammals in the Lake, and regrowth of sedimented Faecal Coliforms under suitable temperature and organic material
(macrophytes, algae, organic detritus) breakdown conditions.
Eschericha Coli was used in the past as indicators of human faecal contamination. However, in
view of its unreliability as an indicator of faecal contamination, the NHMRC has recently
recommended the adoption of Enterococci for use as an indicator of faecal pollution in
Australian freshwater. As the monitoring for faecal pollution in Lake Burley Griffin has been
based on E.Coli up until 2009, this Review is based on the results of E.coli monitoring.
As noted in the „Condition of the Lake‟ assessment, the embayments are characterized by high
temperatures and high accumulation of organic material – conditions conducive to the growth of
high microbial biomass. The E. coli based monitoring of these sites may have been compromised
by faecal coliform re-growth.
Research under the „Californian Clean Beaches Initiative‟, have identified the regrowth of Faecal
bacteria in sediments of shallow embayments, as a major source of Faecal bacteria within the
water column. Management responses include the cleaning and periodic replacement of sediment
material. (Largier & Taggart 2006).
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8. Management intervention assessment
The following management option suggestions are put forward, as a means of conveying an
understanding of the scope of measures that are possible, and the scale of development required
to restore health to the Lake.
The range of available management measure categories comprise:
 in-Lake management measures;
 Catchment management;
 Designation & zoning of use values;
 An improved „algal bloom‟ risk forecasting capability;
 Level of values/objective maintenance management;
 User education/awareness/risk management measures;
 A monitoring program providing the scope of information supporting appropriate
management and risk assessment decisions, both on the part of the management authority
and user groups.
8.1

In-Lake management measures

Restoration of macrophyte systems
Section 5.8 „Macrophyte ecosystem condition‟ noted the significant loss in areas of emergent and
submerged macrophytes across the Lake, as a result of levels of epiphytic algal growth (as a
result of increased levels of available nutrient) on the macro-plant leaves, and levels of SS in
inflows and re-suspension (in the case of East Basin), limiting light available to the plants.
Levels of phosphorus discharge from Queanbeyan Sewage Treatment Works have now been
substantially reduced, and the in-lake water quality assessment has indicated a significant
reduction in phosphorus levels in Lake water since the time of loss of the macrophyte zones.
This opens the possibility of re-establishing the macrophyte habitats.
A preferred Lake arrangement is one of areas of emergent and submerged macrophytes/wetlands
across the inlet deposition zones, and across shallow zones and embayments around the lakes
edge, in preference to the current condition of uncontrolled algal blooms.
This management option would involve the re-establishment of emergent and submerged macroplants:
 across East Basin, maintaining a clear channel for boat movement between the Boat
Harbour and Kings Avenue Bridge, and into the Molonglo River;
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between Springbank Island and the Acton shoreline (would involve a re-arrangement of
the Sailing Course);
creation of a wetland on the Yarralumla Drain on the Yarralumla Bay Oval area; and
rehabilitation of macrophyte beds at Weston Park East Beach, Orana Bay, Lotus Bay
east.

In the case of East Basin, some amelioration of SS levels may be required as a pre-condition to
successful rehabilitation of macrophytes in this area. There is a strong case for stabilisation of
erosion on the eastern bank of East Basin, using geo-fabric and rock stabilisation techniques.
This would have the added benefit of a significant reduction in Lake turbidity levels during „dry‟
periods, and diminish the cyanobacteria advantage through improved euphotic depth.
The „Condition of the Lake‟ and „Condition of the catchments‟ assessments identified Sullivan‟s
Ck as a major source of organic material and faecal coliform, impacting on the West Lake area.
There are three options for management of this source:
 The creation of a 50 ha inlet wetland within the existing Lake, by constructing a 400 m
low flume wall (comprising I beams & panels) in an arc, from a point 120 m off the
shoreline 80 m to the west of Sullivan‟s Ck inlet, in an arc to a point 50 m west of the
NW corner of Springbank Island (diverting Sullivan‟s Ck flow to the east across the
Springbank Island – Acton foreshore macrophyte zone); or
 extensive wetland development within the Sullivan‟s Ck catchment floodplain &
tributary drains (difficult to achieve this area given established urban area constraints),
together with improved stormwater management across the catchment, or
 combination of in-lake and catchment based wetlands and stormwater management
measures.
Under extreme flood conditions, flow would occur over the low diversion berm, thereby limiting
the risk of flooding upstream. While this situation would involve short-circuiting of the wetland,
the sustained discharge under these conditions, would disperse sedimentation of organic material
over a wide area of the Lake, rather than the immediate inlet deposition zone.
It is noted that the re-establishment of macrophyte habitats in lakes and reservoirs has had a
mixed success rate. In a number of cases, this is the result of elevated SS post the loss of
macrophytes, limiting light necessary for their re-establishment. Hence it appears appropriate to
approach a „macrophyte restoration‟ program on a phased basis, to assess this risk.
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Installation of mixer and/or re-aeration systems
The „Condition of the Lake‟ and „Lake water quality and ecology response processes‟
assessments highlighted the role of the sediments in mediating algal growth across the Lake, via
a process of reduction of iron by decomposition of sedimented organic material, and the release
of phosphorus into the Lake‟s water column. The limited mixing of Lake waters over the
summer period, and in particular, stratification in the deep waters of the Molonglo Reach and the
Yarramundi Reach, was identified as a feature of the Lake which significantly exacerbated the
sediment reduction – phosphorus release process.
A wide range of mixing and aeration techniques have been developed in attempts to ameliorate
the impacts of stratification, including:
 Diffusion of oxygen or air into deep waters, using perforated pipes laid on the bed of the
lake, to create the oxygen or air diffusion curtain;
 Mixing and/or aeration of the hypolimnion zone, significantly reducing the energy
required to work against the temperature - density differential through the water column;
 Mixing of the surface water – epilimnion zone, to promote cycling and growth of the
Green (Chlorophyta) group of algae in preference to the blue-green (cyanobacteria) algae.
The level of success in the use of mechanical mixers to de-stratify deep lakes is limited,
necessitating high energy requirements. Lakes having long, narrow and deep bathometry, such as
the Yarramundi & Tarcoola Reaches, are particularly difficult to de-stratify
The option of mixing/aeration within the hypolimnion is an approach that significantly reduces
the energy requirements compared to raising the heavier hypolimnion water to the surface, but it
foregoes building on the „wind re-aeration of surface water‟ contribution to the re-aeration of the
bottom water. This approach does not directly manage the summer surface water algal growth. It
will, however, ameliorate the risk of algal blooms following autumn mixing of the bottom and
surface waters, and the amount of phosphorus available at the commencement of the next
growing season.
Mixing within the surface water or epilimnion zone, is primarily focused on providing the
turbulence necessary to cycle the Green algal cells through the light (euphotic) zone, promoting
their growth in preference to blue-green algal growth. However, in view of the research finding
regarding diurnal stratification of shallow water in ACT lakes, this approach will also provide an
„oxidation of sediments‟ benefit, reducing the release of sediment phosphorus in shallow waters.
As with all „mixer‟ options, there are also risks with this arrangement – turning on a mixer post
de-oxygenation of the sediments, may result in the mixing of bottom phosphorus throughout the
epilimnion, thereby enhancing algal growth.
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The current NCA mixer trials will hopefully provide information enabling a more rigorous
assessment of this option. In particular, the Trial at Yarralumla Beach will provide a valuable
guide on the potential for application of this management intervention measure to re-dress
problems in the embayments.
Section 7 of this Assessment recommended the installation of a surface water zone mixer in the
Molonglo Reach, as the means of limiting summer Cyanobacteria growth during low inflow
periods.
Application of ultrasonic devices for control of algae
Over the last decade, there has been successful development of underwater sound systems, which
emit ultrasonic sound waves that rupture the cell walls and gas vacules of target algae. The
ultrasonic sound waves do not impact on fish, insects, macro-plants or humans.
The development of units appears to be well supported by scientific assessment, and there is a
growing list of successful applications. Coverage area of units is 2 to 4 ha/unit. They have a low
power requirement, which can be easily met by solar units. Cost ranges from $3500 to
$4500/unit.
This management technology appears ideal for application in the swimming embayment areas.
While the research papers supporting the application of the devices conclude that the system
does not harm insects, fish or humans, if applied widely across the Lake, the devices would
seriously impact on the plankton of the Lake – the base of the food web for the Lake. Wide
application across the Lake of this device is therefore not supported.
Modification of phosphorus adsorption capacity – phosphorus precipitation options
The „Condition of the Lake‟ and „Lake water quality and ecology response processes‟
assessments highlighted the role of fine silts and clay particulates in catchment discharge, in
adsorbing phosphorus and iron onto their surfaces, and settling to the sediments together with
their adsorbed phosphorus. Research has established that significant reduction energy is required
to break the particulate – iron-phosphorus adsorption bond, and release phosphorus into the
water column. Over time, the adsorption sites on the particulates become saturated, limiting the
capacity of the sediments to lock-up the phosphorus.
It is expected that the recent December 2010 flood, with its massive loads of sediment, will have
replenished particulate adsorption availability, with a reduction in available phosphorus in the
Lake water in the short term.
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A wide range of phosphorus precipitation compounds have been used as part of eutrophic lake
amelioration programs. These include aluminium and iron compounds, the use of „alum‟
(aluminium sulphate) to precipitate phosphorus during a bloom, and iron chloride.
Perhaps the most significant difference between the use of alum and the iron phosphorus
adsorption compounds, is the ability of alum to trap algal cells into the aluminium floc, whereas
the iron phosphorus adsorption compounds can absorb only inorganic phosphorus forms. The use
of alum has been limited, in view of its potential toxic effect. Similarly, the use of copper
sulphate is now rarely used as a precipitation agent in lakes.
Products such as Phoslock (a modified bentonite clay which reacts with phosphorus to form
Rhabdophane), are promoted as a means of removing phosphorus from the water column. The
process is identical to adsorption of phosphorus and iron on clay particulates. While the electron
level at which Rhabdophane is reduced is not identified in the literature, it is probably more
resistant to reduction than Fe3+. As in the case of iron, the adsorption sites become saturated over
time, and the dosing with Phoslock needs to be repeated. In the case of local clay – iron based
minerals, the supply occurs naturally (sustainable), whereas with products such as Phoslock, this
material has to be imported to the region and periodically applied.
Given the natural process of supply of clay & iron minerals in catchment discharge, the benefits
of application of a product such as Phoslock on a Lake wide basis will be reduced. However,
there could be a place for this product as a short term response in reduction of algal problems at
hot spots such as the inlet depositional zones or beach embayments.
Sediment treatment
The „Condition of the Lake‟ and „Lake water quality and ecology response processes‟
assessments highlighted the role of the sediments in mediating algal growth across the Lake, via
a process of reduction of iron by decomposition of sedimented organic material, and the release
of phosphorus into the Lake‟s water column. There are a range of sediment treatment options in
respect to oxidizing organic material in the sediments, thereby decreasing their rate of
phosphorus release and formation of ammonium.
Nitrate is viewed as a beneficial nitrogen compound, in terms of its capacity to oxidize lake
sediments previously subjected to high levels of phosphorus and organic matter loading. The
direct injection of nitrate into sediments has been used as one means of offsetting the potential
for reduction of sediments by ongoing organic matter. In a number of „eutrophied lake
remediation projects‟ involving the diversion of sewage effluent away from the lake,
exacerbation of blue-green algal blooms has been observed.
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There is growing recognition (Cullen & Forsberg 1988) of the value of retaining treated sewage
effluent low in phosphorus and BOD, but high in nitrate, in discharges to lakes, as a valuable
buffer to the reduction of the sediments and associated release of sedimented phosphorus into the
water column. This was the ACT experience in relation to remediation of Burrinjuck Reservoir.
The commissioning of the Lower Molonglo Water Quality Control Centre (LMWQCC) denitrification facility in 1980 resulted in significant exacerbation of blue-green algal outbreaks.
The closure of the de-nitrification facility in 1982 resulted in a major reduction in algal biomass
and a return to Chlorophyta algal dominance.
Rosich, R (Role of Sediments. 1983) promoted the option of oxidation of the sediments by nitrate
oxidation, as the only viable measure for amelioration of Lake Burley Griffin algal levels.
Ripl, W (1994) provides a detailed Paper on the injection of iron chloride directly into the
sediments of Lake Lillesjon, Lake Hambutten and Lake Gross-Glienicker in Sweden in 1975.
Injection of lime is also required to offset the acidification effect of the chloride. The treatment
has provided a significant and sustained reduction in algal levels within the treated lakes. This
option would be applied to the inlet deposition zone „organic loading of sediments‟ hot spots.
The treatment technique (now termed RIPLOX) was identified as an effective measure in a
recent publication on in-lake treatment. (Drabkover, M & Marsalek, B. 2007)
Water balance management
During periods of low summer inflow, the management of the Lake‟s water balance between the
surface water zone and the bottom water zone becomes critical, in respect to minimizing the risk
of triggering Cyanobacteria blooms. During these periods, abstraction from the surface water
zone should be minimized, either by prohibiting water abstraction for irrigation, or by requiring
abstraction from the bottom water zone.
The current Lake operation policy in respect to the use of the bottom water zone outlet valves for
regulating Lake level during these periods, is positive and should be maintained.
8.2

Catchment management measures

Soil conservation programs
As noted in the „Condition of the catchments‟ assessment, the Commonwealth and NSW
Governments established in 1961 a joint soil conservation program across the catchment, to
manage the threat of sediment on the proposed Lake. The Captains Flat (Abatement of Pollution)
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Agreement Act 1975 was another example of a catchment management related response to
protection of the Lake.
The stabilization of soils across the catchment remains an important goal of the Upper
Murrumbidgee Catchment Management Committee.
Environmental flow management
Lake inflow is the major driver of in-lake physical, chemical and biological processes. It
determines the external SS, nutrients and organic matter loadings on the Lake, the ionic
concentration (TDS) determining turbidity levels, the in-lake mixing turbulence, the washout of
nutrients and algae, and the detention (growth) time available for algae. In undertaking analysis
of Lake water quality response processes, it is therefore the basic starting point for analysis.
Figure 33 „Molonglo River Flow @ Scrivener Dam pre & post Googong‟ provides the flow
duration curves, pre and post Googong Dam diversion. The Figure indicates a reduction from a
median inflow of 150 ML/d pre-Googong to 40 ML/d post-Googong. Actew advises that little
water was drawn from Googong up until 2003 – the post Cotter catchment fire period. (Googong
is a high cost water compared to the gravity and limited treatment based Cotter supply).
The role of flow in generating mixing of Lake water is generally constrained, as a result of the
large cross-sectional area of the Lake. While there is a potential to draw an environmental release
from Googong Reservoir through the multi-level outlet tower (warmer surface waters), the water
will never-the-less be colder than Lake Burley Griffin surface waters over the summer period.
Hence, a release of water from Googong Reservoir will probably „plunge‟ to the bottom cold
water of Lake Burley Griffin (stratified over summer), having limited benefit to mixing
turbulence within the warmer epilimnion surface layer, and potentially exacerbating summer
algal growth as a result of the upwelling of nutrient rich bottom water into the surface water
zone. viz: the application of environmental flow releases to limit water retention time in the
Lake, and/or to promote physical mixing of water, does not appear practical.
The open waters of West Lake and Yarramundi Reach are stratified over the summer, with P at
very low levels over summer months in the surface water over dry periods, limiting algal growth.
It appears to be the rate of transfer of phosphorus from the hypolimnion (a function of the daily
variations in the thermocline depth, due to variation in daily wind strengths, and the transfer of
hypolimnion water to the epilimnion to offset evaporation and water supply abstraction losses
from the epilimnion) which:
 determines P available for algal growth in the epilimnion;
 enhances the dominance of Microcystis (ability to access transferred P adjacent to the
thermocline) as compared to other non-motile algae.
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Regression analysis has confirmed that moderate to high stormwater discharges (Sullivans Ck) to
the Lake during the low rural inflow (extended dry) period, were the major trigger of
Cyanobacteria blooms and Faecal Coliform (regrowth) blooms in West Lake and Yarramundi
Reach, over the period 1999 to 2010. For rural discharges of 500 ML/d or higher, the algal levels
appear to be substantially moderated.
There is a daily transfer of 37 ML/d during low inflow – extended dry periods, of nutrient rich
bottom water, into the base of the surface water zone, maintaining an environment conducive to
Cyanobacteria growth in the surface water zone.
While this preliminary assessment suggests that the provision of an „environmental flow‟ to
enhance physical mixing of Lake water over summer periods is not practical, their remains the
question of „topping-up‟ water required to limit the transfer of „nutrient rich bottom water‟ into
the surface water zone – the primary source of nutrients driving Cyanobacteria growth over dry
periods.
„Topping-up‟ water requirement during critical „dry year‟ summer periods (including the current
10 ML/d environmental flow):
 15 ML/d, excluding water supply abstraction during critical dry periods;
 23 ML/d excluding the 8 ML/d Queanbeyan Sewage Effluent contribution;
 30 ML/d including the 15 ML/d water supply abstraction over summer;
 38 ML/d including the 15 ML/d water supply abstraction but excluding the 8 ML/d
Queanbeyan Sewage Effluent contribution
Should it be determined that there is some „reduction in Cyanobacteria incidence and levels‟ as a
result of environmental flows, there are two possible sources of water for augmentation of flow
through the Lake:
 releases from Googong Reservoir;
 pump treated sewage effluent from LMWQCC to the Lake.
Table. Summary of Environmental flow requirements and costs^
Daily topup req‟m*
ML/d
15

Daily
environ flow
release
ML/d#
15

Probability
Molonglo Riv
flow ≥ Env
flow
27%

Av summer
flows for
probability
level#
7.2

Daily
environ flow
release
ML/d
7.8

Annual operating
cost
($million)

Annual total cost
(including
Restriction Cost)
($million)
Within current 10
ML/d release
$0.24
$0.64
$1.20

Within current 10
ML/d release
23
23
37%
10.3
12.7
$0.03
30
30
44%
12.8
17.2
$0.08
38
38
49%
15.0
23
$0.10
Notes: ^ Costs based on REALM model estimated costs provided by ACTEW x 120/365 days adjustment
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* including the current 10 ML/d environmental flow release
# long term average flow for the Molonglo River for the probabilities of inflows less than
these environmental flow levels
The preliminary cost analysis indicates that there is little difference between the cost of the two
options. The summer temperature of the water sources relative to the Lake‟s surface water zone
temperature will probably be the ultimate determinant of the preferred option.
Sewage management
The „Condition of the catchments‟ assessment made note of the substantial upgrading of the
Queanbeyan Sewage Treatment Plant over the 1978 to 2011 period. The „Condition of the Lake‟
assessment noted that the high algal levels in the Molonglo reach over the 1999 to 2009 period,
were largely a reflection of the level of phosphorus and BOD discharged from the Plant at that
time. Since that time, there has been a significant upgrade in respect to BOD concentrations in
the discharged effluent. A review of the appropriate phosphorus discharge level is required.
The TP in Queanbeyan Sewage Treatment Works effluent has ranged from 0.07 mg/L to 0.30
mg/L over the last 2 years. During „dry‟ periods, levels above 0.1 mg/L are significant,
particularly in respect to the Molonglo Reach and East Basin algal levels. There is a case for a
more consistent TP effluent discharge level at around 0.1 mg/L.
Two features of the Queanbeyan Sewage Treatment Plant seen as beneficial, are firstly, its
contribution to inflows to the Lake, particularly in extended dry periods, and secondly, it‟s
discharge of an effluent high in oxidized nitrate. The case for maintenance of an effluent
discharge, high in nitrate, has been outlined under „Sediment treatment‟ above.
One aspect of concern in respect to the Queanbeyan Sewage treatment Plant has been the impact
of flooding or failure or storm related spills of partially treated sewage from the Plant, on the
frequency of Lake closures due to faecal contamination. It is recommended that a review be
undertaken of the adequacy of the Plant infrastructure in respect to protecting the Lake
recreational amenity.
Mention has been made through the Assessment of the contribution of house sewer connecting
ties leaking faecal material into the urban stormwater drains. Over time, with redevelopment, the
old Vitrified Clay pipe sewer ties are being replaced with modern – less leak prone materials.
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Urban stormwater management
Residents as key „catchment management stakeholders‟
Urban residents living within the Lake Burley Griffin catchment are key stakeholders in respect
to non-point source pollutant management across the urban areas. There is a strong case for
raising awareness regarding the impact of disposing leaves shed by deciduous trees in Autumn,
grass or other garden waste in street kerbs, on the Lake. Just as the leaves or grass, when
composted, provide carbon and nutrient rich compost to our gardens, promoting verdant growth,
so they do when washed into the Lake. Given the high leaf loading each Autumn on subcatchments such as Sullivan‟s Creek, this is a significant source of organic loading on the Lake.
There is also a case for a Government partnership with residents within these „high impact‟
residential areas, in providing a green waste collection service, or provision of neighbourhood
compost facilities.
Water Sensitive Urban Design
The assessment noted the ongoing growth in urban areas within the Lake‟s catchment, and that
urban stormwater now represents the major source of BOD loading on the Lake (68% of loading
during dry years) – the key driver of algal growth in the West Lake area, and becoming more
significant in East Basin with growth of Queanbeyan within the Jerrabomberra catchment,
Kingston re-development, and the proposed East Lake development.
In addition, the Assessment of the West Lake and Yarramundi Reach Cyanobacteria blooms
concluded that it was the volume and high flow rates of urban stormwater discharges during
periods of low Molonglo River inflow, which triggered these blooms. There is a need to address
means of reducing both the volume and rate of stormwater discharges to the Lake.
While nationally, there have been substantial improvements in stormwater design (WSUD) there
has been a limited take-up of these practices in the Lake Burley Griffin catchment related urban
areas. This is a key area for change, particularly in view of the continued strong urban growth
across the catchment, and in view of ACT Government, NSW State & Local Government policy
commitment to the application of WSUD measures.
In addition, there is a case for improving the performance of two stormwater pollution control
measures in the ACT – the Gross Pollutant Traps and the Water Pollution Control Ponds.
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Gross Pollutant Traps (GPT‟s)
The GPT‟s have been highly effective in trapping significant volumes of sediment, organic
material and trash, so successful that they have introduced a significant cleaning cost, in a utility
that traditionally has had very low maintenance costs. The technology is now applied worldwide, in the management of stormwater discharges.
A serious disbenefit of the Traps has been the phosphorus and ammonia leached from the
trapped sediment and organic material pending their periodic removal, potentially impacting on
downstream waters, and in this case, Lake Burley Griffin. The discharge of leachates high in
ammonia is of particular concern in respect to its promotion of blue-green algae.
The Traps were located adjacent to sewers, so that this leachate could be discharged to the sewer
at the time of de-watering of the Trap for clean-out of sediment. Previously, the ACT Sewerage
Authorities (Commonwealth Dept of Construction, ACT Water Supply & Sewerage Authority)
have refused to accept discharge of the leachate into the sewer system. This refusal has been
based on their view that the leachates would also involve significant discharge of sediments,
placing the sewers at risk. This option should be again taken-up with Actew-AGL.
While there are a number of „dry‟ GPTs in use, these systems trap the trash discharged by
stormwater only, not the sediment and fine organic material. Any dry options in respect to
trapping the sediment and fine organic material, entrain serious problems in respect to associated
risks of odour, mosquito and visual impacts.
The simplest means for upgrading these systems comprises the use of the existing low-flow bypass system, to take the Traps „off-line‟ for low stormwater flow conditions, thus reducing the
period of discharge of leachates to downstream receiving waters. It would then be possible to
install a small pit based filter and aerator system, to draw leachate water from the Trap‟s holding
basin, remove phosphorus (using iron or Phoslock multi-medium filter), aerate the leachate to
oxidize the ammonia, and recirculate the treated water back into the basin. These systems would
require a relatively minor pump rate of 5 kL/d for the larger traps.
Water Pollution Control Ponds (WPCDs)
In view of the undulating terrain of much of the Canberra – Queanbeyan urban areas, it has not
been possible to utilize shallow – macrophyte dominant wetlands as the basis for intercepting
and treating stormwater discharges. Instead, a series of ponds, typically having an average depth
of 2 to3 m, have been applied, as a means of intercepting and detaining stormwater discharge for
sufficient time to enable 70 to 80% of discharged SS and adsorbed phosphorus to settle to the
sediments. The WPCPds have been very successful in achieving this objective.
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However, in many cases, the constraints on available area for incorporation of Ponds has resulted
in the under-sizing of these ponds relative to the urban catchment they are commanding. As a
result, the high rates of organic material deposition are resulting in significant levels of sediment
reduction, with the production of high levels of NH3 and some leakage of intercepted phosphorus
as ortho-phosphate. This assessment has noted the significant impact of ammonia in respect to
the shift from Green algae to blue-green algae.
Research undertaken by the CRC for Freshwater Ecology, in association with the CSIRO, on
mixing conditions within these Ponds, indicated that diurnal stratification was occurring under
high summer solar radiation and low wind strength conditions, and often elevated turbidity.
As in the case of this assessment of processes within Lake Burley Griffin, the poor mixing
exacerbates the reducing conditions within the sediments of these Ponds.
There is a strong case for installation of small mixers within these shallow Ponds, to maintain
them as fully oxidized systems.
Green waste collection service
Another stormwater catchment management option is the introduction of a „green waste‟
collection program in North & South Canberra (areas of high density of deciduous street trees),
to collect the large leaf biomass associated with Autumn leaf fall in these areas, thereby reducing
their significant BOD loading on the Lake.
Urban catchments have huge effective drainage coverage, which facilitate organic matter
transport via gutter systems, to stormwater. The loading typically dwarfs riparian inputs and
alters benthic input quality. As a result, receiving waters experience high dissolved oxygen
demands. (Belt, K.T. et al 2007).
By changing riparian plants from Eucalypts to exotic deciduous trees, urban development alters
the type of organic matter discharged to streams. Carbon bio-availability and mineralisation rates
for exotic deciduous trees are significantly higher than for Eucalypts, with implications for DO
demand rates. (Esslemont et al 2007). Calculation of BOD loads for North Canberra estimates
Deciduous street tree derived BOD reaching the Lake at 84 T/annum, and Eucalypt street tree
derived BOD reaching the Lake at 19 T/annum.
8.3

Designation and zoning of values & related guidelines

The Lake Management Plan recognizes the natural pattern of water quality and ecological
process change through the Lake, with identification of East Basin as primarily a water quality
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process and ecological zone, West Lake as primarily a water use (primary and secondary
recreation) zone, and in view of the high water quality and „natural qualities‟ of Yarramundi
Reach, its primary identification as a conservation zone.
While the Lake Management Plan continues to reflect this strategy, the designation of East Basin
as a wind surfing area, for example, with its high primary contact nature, appears inappropriate.
Also the view that given the boating designation of this area, it should be kept free of emergent
macrophytes, conflicts with the natural ecological response of this area to the inflowing water
quality characteristics. The eastern arm of Lake Ginninderra provides an excellent example of an
effective environmental zone (extensive wetland) intercepting SS, nutrients, organic material and
bacteria, in maintaining a high water quality in the downstream open waters.
The designation of swimming areas in the embayments of West Lake was based on sites well
downstream of potential discharges of pathogens to the Lake. It appears that as a result of the
growth in urban areas within Sullivan‟s Creek, and increased populations within the City West
area, that these stormwater discharges are now impinging on the embayment locations.
Should Weston Park East facility be transferred to the Weston Park West beach location, and the
Yarralumla site be transferred to the southern bar on Black Mountain Peninsula? While the
Weston Park West Beach is located adjacent to the less impacted Yarramundi & Tarcoola
Reaches, it has a westerly aspect and so is prone to accumulation of algal scums blown by the
prevailing W & NW winds. The bar on the southern tip of Black Mountain Peninsula, on the
other hand, is well mixed and is less prone to trapping of algal scums. This relocation option is
worthy of further investigation.
By removing the „primary contact recreation‟ designation for West Lake, the Lake closure
thresholds would be significantly eased. However, the loss of these swimming facilities would be
a serious loss in the recreational amenity of the Lake, particularly for families.
8.4

Risk management

Following the recent revision of the NHMRC Managing Risks in Recreational Waters 2008, the
setting of recreational use related health criteria is perhaps the most extensively developed area
of guideline development and application.
There has been ongoing dialogue between Health, the Lake manager and user groups, regarding
the appropriate application of the Algal Warning and Lake Closure protocols. This ongoing
dialogue between stakeholders in this area is commended and supported.
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8.5

Lake user groups partnership

Both the NHMRC Drinking Water Guidelines and the NHMRC Managing Risks in Recreational
Waters Guidelines place major focus on management of risk, with the application of both „a duty
of care‟ on the part of the agencies, and on the part of the consumers or users of services. This
requires a much stronger focus on provision of the information and knowledge necessary for
users to take decisions appropriate to their well being and enjoyment of recreational activities.
The Rowing Australian Capital Territory submission to the Investigation, in particular, made a
strong case for „partnership‟ in health risk management.
8.6

Improved forecasting of blue-green algal bloom events

The major concern raised by Lake users in their Submissions to the Review, was the uncertainty
regarding the potential for scheduled sporting events having to be cancelled close to the time of
the activity.
Based on the „cause – effect‟ relationships identified in this Assessment, it would be possible to
develop a „risk of blue-green algal bloom‟ forecast capacity. For example, regression analysis for
West Lake and Yarramundi Reach indicate that the probability of cyanobacteria levels > 5000
cells/ml is a function of low inflow levels (<80 ML/d), high Conductivity levels (> 300 µS/cm),
and high urban stormwater TP loads (> 0.7 kg/d). For „wet‟ periods, for example, the probability
of a blue-green algal bloom is extremely low. In this case, a forecast for the coming summer
season could be provided. In the case of a „dry‟ period, the probability of a blue-green algal
bloom becomes much higher. In this case, the forecasting updates would need to be provided on
a monthly basis. This is an approach which would best be developed in association with the Lake
users.
8.7

Review of adequacy of water quality monitoring & reporting

Several Submissions to the Review raised concerns regarding the adequacy of the current
monitoring program. This Assessment has identified a number of limitations in the current scope,
in respect to the ability to evaluate in-Lake and catchment discharge conditions.
In particular, the lack of monitored data in respect to the following areas is of concern:
 for the Jerrabomberra catchment post 1999 – perhaps the most vulnerable catchment in
terms of its erodible soils and land use change pressures, and immediately adjacent to the
Jerrabomberra wetlands and the significant investments in Kingston Foreshore and the
proposed East Lake developments;
 for the Ramsar registered Jerrabomberra Wetlands (no recorded water quality data);
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for the Sullivan‟s Ck post 2007 – an urban catchment undergoing further development
and the most important source of organic material discharges in respect to the West Lake
and Yarramundi Reach water quality;
for the sediments, given their key role in moderating Lake water quality and incidence of
blue-green algal blooms.

In the case of urban stormwater, the flow response to rainfall is extremely rapid, with significant
changes in water physical and chemical constituents over the duration of the storm hydrograph.
For this reason, auto-samplers are required in this case, capable of automatically triggering
sampling in response to increase in flow, and capable of taking and storing multiple samples.
In view of the key role of stormwater as a driver of changes in Lake water quality, improved
quality of data is paramount to progressing our assessment and management of the Lake.
There is also a strong case for differentiating between routine management related monitoring,
and the longer term assessment of changes in Lake water quality and ecology programs. This
would yield a substantial savings, while enhancing the provision of information relevant to each
of these tasks.
The difficulty experienced in accessing data in a readily accessible form, suggests that
monitoring has not been linked to management decision making.
While not identified as sources of pollution in this assessment, there are four significant
enterprises immediately adjacent to the Molonglo River/eastern end of the Lake, deserving of
ongoing surveillance. Each of these enterprises has a series of control measures in place, to
minimize the risk of impacts on the Lake. Never-the-less, their scale and proximity to the River
and Lake, requires ongoing monitoring, as a necessary part to their water quality protection
management strategies.
These enterprises comprise:
 Canberra Airport, involving the use of a range of chemicals potentially hazardous to the
Lake‟s ecology;
 Dairy Flat Turf Farm, involving the application of fertilizers in the production of turf;
 Fyshwick Sewage Treatment Plant, with the potential for groundwater seepage into the
underlying Dairy Flat aquifer;
 Fyshwick light industry and trade area, discharging to Jerrabomberra Ck.
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8.8

Selection of preferred management options

The final selection of preferred management options will be guided by social benefit, economic
cost, and risk based assessments. The overall management approach will most probably
encompass a range of measures.
8.9

Management intervention assessment conclusions

The „Condition of the Lake‟ assessment concluded that there has been significant loss of Lake
environmental and use values, as a result of physical and nutrient conditions prevailing during
the 1999 to 2009 drought.
In view of the increased incidence of extended dry periods into the future as a result of Climate
Change, and the continued strong growth in urban development within the catchment, there is a
need for action to reduce the levels of urban stormwater organic matter discharge to the Lake,
and/or the adoption of in-Lake measures to ameliorate the potential impacts of increased
discharge of organic matter to the Lake over time.
Building on the „Lake water quality & ecological response processes‟ assessment, a range of
appropriate intervention measures directed towards remediation of Lake environmental and use
values have been identified. They comprise a wide range of approaches, including in-Lake
management measures; catchment management based measures; changes in the designation &
zoning of use values; refinement of the level of values/objective maintenance, and user
education/awareness/risk management based measures.
The final selection of preferred management options will be guided by social benefit, economic
cost, and risk based assessments. The overall management approach will most probably
encompass a range of measures.
In view of the range of jurisdictions potentially impacted by the selection and implementation of
management measures, and the range of implications for Lake users, it will be necessary to put in
place a consultative process to determine the most appropriate suite of management measures,
with respect to their technical, environmental, economic and social benefits and dis-benefits.
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Appendix A. Outline of Guidelines forming the basis of the Assessment Framework
As a constructed urban lake, Lake Burley Griffin is categorized as a moderately to highly
modified ecosystem. The ANZECC Guidelines for Fresh and Marine Water Quality 2000
Trigger levels appropriate to assessment of the Lake water quality are summarized in the
following Table.
Table A1. ANZECC Trigger level median default values (Moderately to highly modified
waterways)
Ecosystem

Region

Chlor

TP

FRP

TN

Unit
Lakes

SE Aust

μg/L
5–
5.5

μg/L
10 11

μg/L
5–
5.4

μg/L
350 380

Total
amm
μg/L
900 970

Low
DO
% Sr
90 75

High
DO
% Sr
110 130

Low
pH
Units
6.5 –
6.4

High
pH
Units
8.0 –
8.2

Source: ANZECC Guidelines for Fresh and Marine Water Quality 2000
Table A2. ANZECC Toxicant (heavy metals) stressor guideline levels.
Metal
Cadmium
Chromium
Copper
Lead
Nickel
Zinc
Mercury

Water column
90%ile protection level
0.4 µg/L
6 µg/L
1.8 µg/L
5.6 µg/L
13 µg/L
15 µg/L
1.9 µg/L

80%ile protection level
0.8 µg/L
40 µg/L
2.5 µg/L
9.4 µg/L
17 µg/L
31 µg/L
5.4 µg/L

Sediments
10 mg/kg dry wt
80 mg/kg dry wt
65 mg/kg dry wt
50 mg/kg dry wt
21 mg/kg dry wt
200 mg/kg dry wt
0.15 mg/kg dry wt

The NHMRC Guidelines for Managing Risks in Recreational Waters 2008 adopts a preventative
risk management approach to protection of public health, using a „classification of recreation
waters‟ based risk assessment framework. The major potential risks to public health include
microbial viruses, parasites, and bacteria; and cyanobacteria related toxins.
The assessment of microbial risks is based on the Intestinal enterococci bacteria, as an indicator
of faecal pollution, replacing the previous use of the Escherichia coli as the indicator of risk of
presence of faecal pathogens. The NHMRC Guidelines propose the rating of recreational waters
based on Table A3.
The prescribed microbial risk indicator covering the bulk of the period of the Lake Burley
Griffin water quality assessment (1978 to 2011) was Escherichia coli, with a public health
protection criteria limit of 200 CPU/100 ml. Not with-standing the occasional incidence of faecal
coliform re-growth in the Lake, this criterion has been applied as the basis for assessment of
Lake pathogen risk.
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Table A3. Classification of recreation waters (Table 5.13 NHMRC Guidelines 2008)
Susceptability to
faecal inflows
Very low
Low
Moderate
High
Very high

Microbial water quality assessment (CFU/100 mL)
<40
41 to 200
201 to 500
Very good
Very good
Follow-up req‟d
Very good
Good
Follow-up req‟d
Good
Good
Poor
Good
Follow-up req‟d
Follow-up req‟d
Follow-up req‟d
Follow-up req‟d
Follow-up req‟d

>500
Follow-up req‟d
Follow-up req‟d
Follow-up req‟d
Very poor
Very poor

The NHMRC Guidelines 2008 identify cyanobacteria which produce toxins that have harmful
effects on tissues, cells or organisms, as representing a significant potential hazard to human
health as a result of use for potable water, recreation or agriculture.
In line with its „management‟ focus, the NHMRC Guidelines recommend the rating of
recreational waters on the basis of Table A4 below.
Table A4. Classification of recreation waters (Table 6.4. NHMRC Guidelines 2008)
Susceptibility
classification
Very low
Low
Moderate
High
Very high

History of
blooms
None
Yes
Yes
Yes
Yes

Water
temperature 0C
<15
15 - 20
20 - 25
>25
>25

Nutrients
TP ugL
<10
<10
10 – 25
25 – 100
>100

Stratification
Never
Infrequent
Occasional
Frequent & persistent
Frequent & persistent - strong

In situations where high inflows are characterized by high SS and adsorbed TP (indirect water
quality response processes), such as Lake Burley Griffin, the TP criteria in Table A4 are not
relevant, and consequently, have not been used in the „risk of algal toxins‟ assessment.
In response to growing concerns regarding the increasing incidence of blue-green algal blooms
and high levels of faecal coliform, monitored in Canberra‟s lakes, ACT Health, in consultation
with lake managers, issued the ACT Guidelines for Recreational Water Quality 2010.
The ACT Guidelines provide more detailed guidance on the agreed actions in event of
exceedance of health guideline values.
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Table A5. Suitability of waters for recreation (Table 6.5 NHMRC Guidelines 2008)
Suceptibility to
Cyanobacteria
contamination

Cyanobacteria history
A. < 500 cells/mL B. 500 -<5000 cells/mL
M.aeruginosa, or >0.04
to 0.4 mm3/L combined
Cyanobacteria

Very low

Very good

Good

Low

Good

Fair

Moderate
High

Fair
Further assess
req‟d

Very high

C. 5000->50,000
cells/mL
M.aeruginosa, or
>0.4 to 4 mm3/L
combined
Cyanobacteria
Fair

D. >50,000 cells/mL
M.aeruginosa, or >4
mm3/L combined
Cyanobacteria

Further assessment req‟d
Poor

Further assessment
req‟d
Poor
Very poor

Further assessment
req‟d
Further assessment
req‟d
Very poor
Very poor

Poor

Very poor

Very poor

Table A6. Blue Green Algae Action Plan (Table 2.7 ACT Guidelines for Recreational Water
Quality 2010)
Alert Level

Indicative
M.aeruginosa cells/mL

Low
Medium

<5000
5000 to 50,000

Bio-volume
equivalent
mm3/L
<0.4
0.4 to 4

High

50,000 to 125,000

4 to 10

Extreme

>125,000 or scums
consistently present

>10

Action
Routine monitoring
Twice weekly monitoring
Visual inspection, sample as req‟d
Twice weekly monitoring
Visual inspection, sample as req‟d
Advice to public that waters closed to primary contact
recreation. Warning signs
Twice weekly monitoring
Visual inspection, sample as req‟d
Advice to public that waters closed to secondary
contact recreation. Warning signs

Table A7. Microbial Pathogens Guidelines (Table 3.5 ACT Guidelines for Recreational Water
Quality 2010)
Alert level
Open
Closed

Intestinal Enterococci
numbers CFU/100 mL
<200
>200

Action
Weekly sampling
Repeat sampling.
Advise public regarding health risk. Warning signs.
Undertake sanitary survey and identify source of contamination.

ACT Environmental Protection Regulations 2005 sets out a range of water quality objectives
related to the protection of each designated environmental value, as per Table 8 below.
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Table A8. Lake water quality management objectives (ACT Environmental Protection
Regulations 2005)
Water quality indicator

Primary
contact
recreat
6.5 – 8.5

Lake water quality management objectives
Secondary
Passive
Significant
Fishing
contact
recreation
aquatic
recreation
(landscape)
habitat
6–9

pH Units
Total Dissolved Salts
mg/L
Suspended Solids mg/L
Turbidity NTU
Colour
Clarity Secchi Depth (m) >1.2
Odour
DO mg/L
TP mg/L
0.1
0.1
0.1
NH3 mg/L *
Nitrite mg/L
N/P ratio
>12
>12
>12
Cyanobacteria cells/mL
<5000
<5000
<5000
Chlorophyll „a‟ µg/L
<10
Faecal coliform
<150
<1000
CFU/100 mL
Enterococci
Aluminium µg/L
Antimony µg/L
Arsenic µg/L
Beryllium µg/L
Boron µg/L
Cadmium µg/L
Chloride µg/L
Chlorine µg/L
Chromium µg/L
Copper µg/L
Cyanide µg/L
Fluoride µg/L
Iron mg/L
Lead µg/L
Lithium µg/L
Manganese µg/L
Mercury µg/L
Molybdenum µg/L
Nickel µg/L
Sodium Adsorption
Ratio
Selenium µg/L
Silver µg/L
Sodium µg/L
Vanadium µg/L
Uranium µg/L
Zinc µg/L
Notes: * Ammonia value for pH 7.0 & temperature 20 o C
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Irrigation
water supply
4.5 - 9
500 - 3500

25
<30

>4
0.1
1.49
0.06
>12
<5000
<10

5
30
50
4
0.2
0.2
2
2
2
5
0.3
1
0.1
25
1
0.1

5

<1000
5
0.1
0.1
6.0
0.01
700
0.1
1.0
1.0
1.0
1.0
0.2
2.5
0.2
0.002
0.01
0.2
<10
0.02
115-460
0.1
0.01
1.0
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A set of Secondary water quality criteria is also identified in the Regulations:
 Annual BOD load on the Lake < 51200 kg/yr
 Annual TP load on the Lake < 8600 kg/yr
In July 2011, NCA released their revised Draft Lake Burley Griffin Water Quality Management
Plan, containing recommended water quality guides in respect to protection of Lake ecosystems,
aesthetic values, recreational waters, and irrigation water supply.
Instead of defining water quality objectives based on 80th percentile values, the NCA Guidelines
2011 proposes the adoption of water quality benchmark values. Many of these benchmark values
are close to the 80th percentile values for each data set. The benchmark values as used in the
NCA Guideline 2011 are based on a combination of statistical analysis and scientific judgement.
The benchmark values in this updated WQMP also take into consideration the values of the
Guidelines for Managing Risks in Recreational Water (Australian Government, 2008).
The appropriateness of several of these benchmark values is questioned. In waters such as Lake
Burley Griffin, where inflows are predominantly high in SS and adsorbed TP (non-bioavailable), the setting of a <0.06 mg/L TP benchmark appears inappropriate. Indeed, in view of
the „indirect‟ release of bio-available phosphorus, it is not practical to set any meaningful TP
criteria. The setting of TN values of <1.4 & <1.0 mg/L for East Basin & West Lake respectively,
are based on observed values for these zones, without apparent adverse effect on Lake ecology.
These values should not be seen as an upper limit on a well nitrified effluent from the
Queanbeyan Sewage Treatment Works into the future.
Even in the „direct‟ process situation, the relevance of PO43- & NOx2- or NH4+ is questioned. If
PO43- & NOx2- or NH4+ is present, surely this is simply telling us that for some reason, algae
have not utilized this available nutrient, or that there is a potential for more growth, rather than
acting as an indicator of safe nutrient levels in respect to limiting algal growth!
Table A9. Summary of NCA Draft Lake Burley Griffin Water Quality Management Plan 2011
benchmark values
Environmental or
use value
Ornamental

Indicator

Freshwater
ecosystems

Lake general

East Basin

West Lake

Turbidity (NTU)

<40

<20

Turbidity (NTU)
SS (mg/L)
TP (mg/L)
TN (mg/L)
NH3 (mg/L)
Cyanobacteria (cells/ml)
Chlorophyll-a (µg/L)
Conductivity (mS/cm)
pH (Units)

<40
<40

<20
<20

<1.4

<1.0

<0.06
<0.1
<5000
<30
<400
<6.5 – 8.5
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Primary &
secondary
recreation

Irrigation water
supply

Heavy metals
pH (Units)
General
Enterococci (CPU/100 ml)
Cyanobacteria
 toxin (µg/L)
 Cells (No/mL)
pH (Units)

ANZECC (2000)
6.5 – 8.5
NHMRC (2008)
<200

General
Enterococci (CPU/100 mL)

NHMRC (2008)
ACT (2010)

<5
<25000
6.5 – 8.5

Table A10. Proposed guidelines for assessment (Condition of Lake assessment)
Threat to Lake values

Assessment criteria

Draft Mgmt Plan *
Benchmark
30 µg/L
30 µg/L
<25000 cells/ml

Asphyxiation of biota

Ratio NO3/NH3
NH3
DO

15 µg/L
10 µg/L
<50000 cells/ml
Or 4 mm3/L
>0.5 NonSpring
>5
<0.2 mg/L
>4 mg/L

Smothering of biota

Macro-invertebrate abundance & diversity

Minor change

Impacts on human
health: Algal toxins

Cyanobacteria
Frequency of exceedance of guideline
Frequency of Lake closures
Faecal Coliform
Cyanobacteria
Frequency of exceedance of guideline
Frequency of Lake closures
Turbidity:
 Molonglo Reach
 West Lake & Yarramundi Reach
Chlorophyll‟a‟
 Molonglo Reach
 West Lake & Yarramundi Reach
Cyanobacteria
Cd, Cr, Cu, Pb, Ni, Zn, Hg

<50000 cells/ml
<2/yr average
< 1/yr average
<150 CPU/100ml
<25000 cells/ml
<2/yr
<1/yr

<25000 cells/ml

40 NTU
20 NTU

40 NTU
20 NTU

Change in micro-plant
plant structure

Impacts on human
health: Pathogens
Impacts aesthetic
values:
 Turbidity;
 Scums/odours

Indicator
Chlorophyll‟a‟:
 Molonglo Reach & East Basin
 West Lake & Yarramundi Reach
Cyanobacteria

15 µg/L
10 µg/L
<50000 cells/ml
Impacts of toxicants on
ANZECC2000
biota
values
Notes: * Draft Lake Burley Griffin Water Quality Management Plan. Sept 2011. NCA

<0.1 mg/L

<150 CPU/100ml

30 µg/L
30 µg/L
<25000 cells/ml
ANZECC2000
values

The setting of the 30 µg/L Chlorophyll-a level is remarkable. Previously, a limit of 10 µg/L
Chlorophyll-a has been applied, on the basis that there are rarely algal scums or blue-green algal
toxins associated with these algal biomass levels. It is proposed that the <15 µg/L Chlorophyll-a
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90%ile value for Molonglo Reach & East Basin, and <10 µg/L Chlorophyll „a‟ 90%ile value for
West Lake & Yarramundi Reach, should be used as objectives in respect to this Assessment.
Table A11. Proposed guidelines for this assessment (Condition of catchments assessment)
Threat to Lake
values

Direct process conditions
Stressors
Modifiers

Nuisance plant
growth

TP

Detention
time; Light

Asphyxiation of
biota

BOD

Mixing, reaeration

Smothering of
biota

SS

Impacts on
human health:
Pathogens;
Toxins

Faecal
Coliform
Enterococci

Impacts aesthetic
values:
Turbidity;
Scums/odours

SS
TP

Impacts of
toxicants on biota

Stressor
Guideline
0.05 mg/L

Indirect process conditions
Stressors
Modifiers

Stressor
Guideline
20 mg/L

Org mat‟l –
BOD

Detention
SS
adsorption,
light, NO3

0.2 g/m2/d

BOD

Mixing, reaeration

0.2 g/m2/d

TDS

<2 mm/yr
sedimentat

SS

TDS

<2 mm/yr
sedimentat

Decay,
temp.

150 CPU per
100 ml
200 CPU per
100 ml
5000 cells/100
ml

Faecal
Coliform
Enterococci

SS adsorpt

Algal toxin

SS adsorpt

150 CPU per
100 ml
200 CPU per
100 ml
5000 cells/100
ml

TDS,
Detention
time, temp,
mixing, NO3

40/20 mg/L
0.05 mg/L

Turbidity
BOD

TDS
Detention,
mixing,
temp, NO3,

40/20 mg/L
0.1 g/m2/d

NH3

Temp, pH

NH3

Temp, pH

1.4 mg/L @
200C & pH 7.0

Heavy
metals

SS, hardness

1.4 mg/L @
200C & pH
7.0
ANZECC
Guidelines

Heavy
metals

SS, hardness

ANZECC
Guideline

Algal toxins

Mixing

Notes:
 The asphyxiation sustainable BOD load limit is based on not exceeding oxygen re-aeration & diffusion for
a wind velocity of 2 m/s & Lake depth of 4 m = 0.1 g/m2/d of DO and an initial Lake DO of 4 mg/L.
 The nuisance plant growth BOD load limit is based on oxidation of organic material yielding 0.2 g P/g
BOD oxidized & 0.5 g Chlorophyll ‟a‟ per gm of phosphorus photosynthesized = 10 µg/L of Chlorophyll
‟a‟.
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Appendix B. Schedule of Lake Closures due to High levels of blue-green algae
Table B1.Closures of Lakes swimming areas due to „High‟ blue-green algal levels
Year

Date

2002

4 Apr
2 Aug
2003
21 Oct
2004
22 Jan
2 Feb
2 Mar
2005
24 Jan
2006
24 Jan
20 Feb
4 May
Total closures

Source: ACT Health

Water body
Lake
Ginninderra
Yes
Yes
Yes
Yes

Lake
Tuggeranong
Yes

Lake Burley
Griffin

Molonglo Reach

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
4

6

3

Yes
Yes
6

Table B2. Closures of (Primary Contact) Canberra‟s lakes/swimming areas due to „High‟ to
„Extreme‟ blue-green Algae levels.
Year
2007
2008

Date

Nov 27
Jan 10
Mar 12
Apr 4
2009
Feb 5
Feb 11
May 18
Jun 18
2010
Jan 21
Jan 28
Feb 25
Apr 15
2011
Feb 10
Jun 16
Total closures
Source: ACT Health

Water body
Lake
Ginninderra

Closed
Open

Lake
Tuggeranong
Closed
Open
Closed
Open
Closed
Open
Closed

1

Open
Closed
Open
5
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Molonglo Reach

Closed
Open
Closed
Open

2
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Figure 12. East Basin oxidation - reduction values
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Figure 14. East Basin Confirmed Faecal Coliform

Confirmed Faecal Coliform CFU/100 mL
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Figure 16. West Lake (nutrient) Phosphorus levels
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Figure 22. Yaramundi Reach physical values
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Figure 26. Yarramundi Reach oxidation - reduction (ammonia)
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Figure 28. Yarramundi Reach Confirmed Faecal Coliform
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Figure 29B. Weston East Beach faecal levels
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Figure 30A. Black Mountain Beach water quality
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Figure 30B. Black Mountain Beach faecal levels
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Figure 31B. Yarralumla Beach faecal levels
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Figure 32. Comparison of trophic status of lakes
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Figure 33. Molonglo River Flow @ Scrivener Dam pre & post Googong
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Figure 34. Molonglo River monitored daily loads
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Figure 35. Lake annual nutrient loads
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Figure 37. Annual median inflow faecal coliform
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Figure 38. Lake Burley Griffin TN
loads: Relative contribution of
sources (Wet Year 1998)

Figure 41. Lake Burley Griffin TN
loads: Relative contribution of
sources (Dry Year 2006)
0.020

0.186

0.199

0.421
0.392
Rural

0.781
Urban

Sewage

Rural

Figure 39. Lake Burley Griffin TP
loads: Relative contribution of
sources (Wet Year 1998)
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Figure 42. Lake Burley Griffin TP
loads: Relative contribution of
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Figure 43. Lake Burley Griffin
BOD loads: Relative contribution
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Figure 44. Lake Burley Griffin SS
loads: Relative contribution of
sources (Wet Year 1998)

Figure 46. Lake Burley Griffin
BOD: Relative contribution of
sources. Dry Year (2006) with
2010 levels of Qbn STWks BOD
discharge rates
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Figure 45. Lake Burley Griffin SS
Loads: Relative contribution of
sources (Dry Year 2006)
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Figure 47. Comparison of rural grazing catchment exports: TP
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Figure 48. Comparison of rural grazing catchment exports: TN
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Figure 49. Comparison of urban catchment exports: TP
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Figure 50. Comparison of urban catchment exports: TN
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Figure 51. Lake Ginninderra algal response to storm event
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Office of the Commissioner for Sustainability and the Environment
Investigation into the state of Lake Burley Griffin and catchment:
Economic impact of water quality issues Report
Ian Lawrence 4th December 2011
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1. Background:
On the 27th May, the Minister for the Environment and Sustainable Development, Mr Simon
Corbell MLA, directed the Commissioner for Sustainability and the Environment to undertake an
‘Investigation into the state of the water courses and catchment for Lake Burley Griffin’.
At its meeting of 28th July 2010, the Reference Group appointed to assist the Commissioner for
Sustainability and the Environment in undertaking the Investigation, identified the need for an
assessment of the annual economic value of the Lake, and the economic impact of Lake water
quality issues on the Lake economic value.
This Report has been prepared in response to an Engagement by the Office of the Commissioner
for Sustainability and the Environment, to produce a Paper on the economic impact of Lake
water quality issues on the ACT economy.
2. Scope of Lake related values yielding economic benefits
Lake Burley Griffin was conceived by Walter Burley Griffin as one of the major axes of the
Canberra Plan, underpinning the symbolic role of the National area. Constructed in 1960 to 63,
today, the Lake is seen by the Canberra community as a key city recreational and activity venue,
providing water based and related recreational opportunities, and attractive foreshore areas for
walking, cycling and picnicking.
Unfortunately, in recent years, a number of triathlon, rowing and sailing events have been
hampered through water quality and safety issues such as blue-green algae levels, faecal
contamination and flood related debris. This has required, for example, the cancellation of
triathlon swim legs which has negatively affected competitor numbers (particularly from
interstate) and diminished Canberra’s reputation as a triathlon event host.
In view of the potential for these perceptions to adversely impact on Canberra’s economy, the
Reference Group considered that an economic assessment was an important part of the wider
assessment of social, environmental and economic costs to Canberra of Lake water quality
issues.
This assessment is not intended as a Benefit/Cost analysis, but rather an identification of the
economic benefits flowing to the Canberra community as a result of activities based on or
associated with the Lake values and amenity, and the impact on these benefits as a result of
actual or perceived water quality issues and Lake closures.
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Section 1.2.2 of the National Capital Plan states that the Lake Burley Griffin and Foreshores are
intended to provide a range of recreational, educational and symbolic experiences of the National
Capital. Section 5.2 of the Lake Burley Griffin Management Plan, designates the Lake water
uses, as:
 Primary contact (swimming) recreation;
 Secondary contact (boating) recreation;
 Passive (walking, cycling, picnicking) recreation;
 Fishing;
 Water supply,
 Drainage and flood management.
Lake Burley Griffin remains a key component of the visitor experience offered in the ACT. It is
central to the design and layout of the national capital and is also a hub for a broad range of
recreational and social activities including sailing, rowing, kayaking, dragon-boating, waterskiing, swimming, fishing, triathlon, walking, cycling and picnics/BBQ’s.
A number of businesses situated around the lake’s edge, including hire companies (bicycles,
paddle boats, segways etc.), cruise operators and restaurants/cafe’s/kiosks service both local and
tourism markets throughout the year – enhancing the enjoyment of the Lake and its surrounds.
Lake Burley Griffin plays an important role as both a venue and iconic backdrop for a number of
key tourism events during the year. Australian Capital Tourism, through its Events Assistance
Program (EAP), has funded a number of these events – including:
 The Foreshore Summer Music Festival;
 The 2011 Australian Dragon Boat Racing Championships;
 The Canberra City Half Ironman Triathlon; and
 The Capital Summer Sports Festival (incorporating the Canberra Capital Triathlon)
Other events, including those held in and around the Canberra Festival celebrations (e.g.
Enlighten, the Balloon Spectacular, and Skyfire), the Canberra Carp Out, sailing regattas and
Australia Day Celebrations are also synonymously linked with activity both on the Lake and
adjacent to the Lake foreshore.
From a marketing perspective, Lake Burley Griffin is regularly used as a key promotional tool
for the destination. Views of the Lake from key city lookouts, the Captain Cook Memorial Jet,
and spectacular images across the water to our national institutions are unique and in many cases
instantly recognisable as ‘Canberra’.
Australian Capital Tourism’s flagship consumer publication – the 2011 Holiday Planner
magazine (refer to link below) – clearly highlights Lake Burley Griffin’s importance and
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relevance to our tourism marketing effort given its regular use in imagery and editorial content.
http://www.visitcanberra.com.au/hp2011/index.html
3. Basis for assessing economic benefits
The following material outlines the scope of activities included in the economic assessment.
In addition, it flags a number of activities which are significant economically, but given their
indirect link to the Lake and its water quality, or the absence of a pricing signal upon which to
make an economic assessment, are more difficult to substantiate a benefit deriving from the
Lake, and have not been included in the assessment.
Direct economic benefits include:
 Charges for the abstraction of water supply;
 Club membership fees, race entry fees, services (storage of boats/equipment, hire of
boats/equipment), hire of amenities, sale of food & beverages;
 Paddle boat, canoe hire payments;
 Lake cruise tickets & charter payments;
 Cycle hire.
Indirect economic benefits:
 Accommodation, meals, other tourist entry fees, by Interstate/overseas
visitors/participants in Lake related functions (National Rowing Events, National Sailing
Regattas, Triathlon Events, Water Skiing Events);
 Enhanced sales value of properties having Lake frontage or Lake view;
 Enhanced property valuations – rates;
 Local purchase of sporting equipment – boats, sails, oars, fuel, fishing gear, clothing, etc;
 Enhanced patronage of Clubs, restaurants around the Lake;
 Water pollution control – removal of Phosphorus – protection of Murrumbidgee River;
 Flood protection of significant administrative, education and cultural assets within the 1
in 500 yr flood zone.
The Lake also provides a number of important environmental services, including:
 Water pollution control – protection of the Murrumbidgee River;
 Water supply;
 Drainage and flood management.
As many of these benefits do not involve a payment for enjoyment of the Lake and its foreshores
(public good), their ‘economic’ value cannot be directly measured. However, there are a
substantial range of activities, uses and services that do generate income.
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ACT Tourism has provided survey data indicating the average length of stay of interstate and
international visitors to Canberra. This data has been used in estimating the ‘flow-on’ economic
benefits accruing to the wider Canberra community from the interstate and international visitors
drawn to Canberra by the Lake based sporting events. This estimate has been included in the
assessment of economic values attributable to the Lake.
In response to an ‘Economic impact of Lake Burley Griffin water quality issues’ Survey form,
Lake users have provided information on:
 Club membership & annual fees;
 Sporting event participant numbers and entry fees;
 Training program fees;
 Fees for storage of boats, trailers & equipment;
 Hire of boats, equipment, buildings;
 Hire of bicycles;
 Lake cruise tickets & value;
 Lake cruise charter charges;
 Sale of food and beverages.
Where information has not been provided by some user groups, Web site information on their fee
structures, membership, and national events has been utilized in compiling a profile and
economic benefit accruing to the economic value of the Lake.
Lake users have also provided estimates of interstate visitors/participants in sports events.
The National Capital Authority and Environment ACT have provided information on the annual
volume of water abstracted under licence from the Lake, for irrigation purposes.
As noted above, the Lake provides a number of environmental services. The Lake intercepts an
average of 11 tonnes of Total Phosphorus each year (compared to LMWQCC interception of 90
tonnes of TP/yr), making a significant contribution to the protection of the Murrumbidgee River.
It is difficult to place an economic value on this contribution. Standard economic evaluation
practice would be to apply the cost of removal of an equivalent weight of phosphorus at Lower
Molonglo Water Quality Control Centre. As P removal at LMWQCC is integrated into the
overall treatment process, it is difficult to separate the P removal cost. At this stage, an estimate
of the economic value of this environmental service has not been included in the economic
assessment.
The annual benefit yielded by flood protection is also difficult to estimate. In most cases,
institutions having facilities within the floodplain carry their own flood damage risk. Typical
scales of flood risk insurance rates versus risk could be applied to these assets, but this is a major
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analysis, beyond the scope of this economic assessment. However, in view of the magnitude of
the assets held within a number of these institutions, this economic benefit is significant.
As this economic component is not affected by water quality, its omission does not invalidate the
assessment of the cost of Lake closure as a result of water quality degradation.
Similarly, the enhancement of the values of properties adjacent to or having views of the Lake,
are significant. Enhancement of values as a result of waterway frontages, are typically of the
order of 50 to 70%, while enhancement of values as a result of views across waterways, are
typically of the order of 20 to 30%. In view of the scale of residential and commercial
development of buildings in Kingston, and in Civic currently, these benefits are significant.
While the enhanced sale value is a one-off economic return, the higher valuation for property
rating purposes, yields an annual return. However, this analysis is beyond the scope of this
economic assessment.
The value of water supply from the Lake, however, can be assessed. In this case, water is
abstracted under licence. The value of this water has been based on 40% of the current value of
the bulk water supply tariff (ACT Independent Competition & Regulatory Commission), and
data on annual abstraction levels provided by the NCA and the ACT EPA.
4. Impact of water quality issues/Lake closures on economic value
A number of national and local sporting events have been cancelled over recent years, as a result
of Lake closures or Health warnings. The cancellations or loss of participants as a result of Lake
closures, has resulted in a significant loss to sporting organizations and the wider Canberra
community.
Lake users have provided information on the number of events cancelled and their recent
curtailment of event programs in the light of uncertainty (and hence participation) regarding the
availability of the Lake on the programmed date.
The AIS questions the appropriateness of location of its National Rowing Centre of Excellence
in Canberra, if reliable access to the Lake cannot be assured into the future. The Centre is a
major investor in facilities, staff, athlete training programs, and national events.
Reliability was perhaps the key concern across all of the submissions – the concern regarding the
ability to program events with a reasonable level of certainty that conditions on the day would
permit the running of events, free of last minute constraints or program changes. The
establishment of clear protocols on risk assessment and the determination of the location and use
category related constraints are cited as important factors in building confidence regarding the
reliability of the Lake as a sporting venue into the future.
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A number of submissions also stressed that in the event of loss of access to the Lake for water
sport activities, there would be a cost penalty to local sports people – the travel/accommodation
costs incurred by Canberra residents, in travelling to alternative venues outside of the ACT.
Lake water quality also impacts on the suitability of water for irrigation (concern regarding
irrigation spray generated aerosols containing bacteria/viruses). In this case, there is a loss in
payment for Lake water, and an additional cost incurred by Lake water users, in having to
purchase more expensive town mains water.
5. Assessment findings
The assessment estimated the annual economic value attributable to the Lake, at $23,260,300. A
summary of the economic benefits is provided in Table 1. Summary of Economic Assessment.
Major components of this economic value comprise the membership and income generated by
national and international rowing regattas, and in particular, the investment made by AIS in the
National Rowing Centre Excellence Program, based on Lake Burley Griffin, and the value of
water abstracted from the Lake for irrigation water supply. The value added to restaurants
adjacent to the Lake shore, as a result of enhanced patronage, is another significant economic
benefit.
The impact of poor Lake water quality, leading to Lake closure, impacts at a range of levels on
Lake User Groups. In some instance (primary contact sport), it results in cancellation of
swimming related events, and ultimately, the transfer of these national events to more reliable
locations elsewhere. This not only results in an economic loss as a result of termination of these
events, but has impacts on membership within sporting clubs in Canberra.
Secondary contact sports such as rowing and sailing are also at risk. In this case, significant
investment in equipment and venues, are also at risk.
The assessment estimated that in the event of continued deterioration in the quality and reliability
of the Lake as a sport venue, the annual economic cost to Canberra would be $25,513,500. This
amount includes not only the loss in economic value accruing to Canberra as a result of
termination of the Lake related activities, but additional costs incurred by organizations in terms
of devaluation of equipment and facilities, and costs incurred in travelling to venues outside of
the ACT.
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Table 1. Summary of Economic Assessment
User category
Water abstraction
Boat cruises & charter
Bicycle & boat hire
Restaurants added
value
Sailing
Triathlons, marathons
Rowing
Dragon boats
Water skiing
Canoeing & kayaking
Model boats
Sea Scouts
Fishing
Total value
Notes:
Annual economic value:

Annual
Added value
Total annual
Annual loss of
economic value
value
Lake closure
$2,453,340
0
$2,453,340
$6,146,540
$1,422,000
$1,032,000
$2,454,000
$1,652,000
$709,800
0
$709,800
$630,000
0
$4,260,600
$4,260,600
$2,130,300
$655,000
$610,000
$6,366,563
$148,000
$40,000
$66,000
$600
$19,900
$29,500

$240,000
$1,120,000
$3,600,000
$200,000
$80,000
$192,000
$15,000

$895,000
$1,730,000
$9,966,563
$348,000
$120,000
$258,000
$600
$19,900
$44,500

$1,026,000
$1,852,000
$11,239,876
$377,600
$128,000
$271,200
$720
$23,880
$35,400

$12,520,700

$10,739,600

$23,260,300

$25,513,500

Income from membership, event entry fees, hire of equipment, hire of storage
space, hire of facilities, sale of food & beverage.

Annual added value:

Additional expenditure made by interstate & international participants in Club
events, on accommodation, food & beverage, & patronage of other facilities.

Total annual value:

Annual Club/Organisation value + Annual added value

Annual cost of closure:

Annual income lost and expenses incurred as a result of loss of access to
Lake, plus cost of disposal of equipment, plus cost to Canberra members
For travel to facilities outside of Canberra, plus loss of 'annual added value'.

6. Marginal costing of the range of Lake water quality management objectives
In order to assess the Cost/Benefits of a range of Lake water quality management measures, and
to provide an assessment of the economic impact of deteriorating water quality, an assessment of
the progressive or marginal costs of several Lake water quality deterioration increments was
undertaken.
The issue for Lake users is 'certainty' in respect to their ability to stage national, international and
local Club events. Several submissions noted the impact of Lake closures on their loss of Club
membership and participation in Lake events, as a result of dissatisfaction of members following
cancellation of activities. Members tend to move to other outdoor activities free of this
uncertainty. Several submissions also noted the economic impacts of late cancellation of events,
in terms of lost income and additional costs incurred in arranging alternative venues.
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From a marginal costing or sensitivity analysis perspective, the problem is that firstly, Lake
closures are absolute - there is little gradation of impacts on activities - all activities involving
contact or potential contact with the Lake's water are effectively closed down. Secondly, the
events (toxins associated with BG algal blooms and/or elevated faecal bacteria levels) have a
duration of 3 to 6 weeks - a significant part of the summer season.
It appeared that the most appropriate parameter to measure the economic impact of deteriorating
water quality increments, is the number of closures per year.
Table 2: Risk of Lake closure during the summer season (20 weeks)
Number of
Average closure
Probable percentage of
closures/yr
period/closure
summer period closure
0.5
4 weeks
10%
1.0
4 weeks
20%
2.0
4 weeks
40%
3.0
4 weeks
60%
Based on the submissions to the Commissioners Office, it was concluded that a probability of
closure greater than 10% would be unacceptable in respect to international and national events,
while a 20% probability would be unacceptable to local Club events.
From the perspective of organised sport and recreational activities, there appears to be just three
water quality scenarios:
 a low probability (<10%) of closure, with some marginal loss in economic value of the
Lake;
 an intermediate probability of closure (10% to 30%), with significant loss of national &
international activities, and some decline in local activities;
 a high probability of closure (>30%), with major economic loss of income resulting from
the substantial loss of Lake based recreational activities and services.
Table 3. Marginal costs of Lake closure scenarios
Annual frequency Period of summer
Annual cost to the
of closure
closed
ACT community
< 0.5
<10%
$400,000
0.5 to 1.5
10% to 30%
$16,000,000
>1.5
>30%
$19,000,000
As noted above, the major issue for sport and recreational organizations and their members, is
uncertainty. The establishment of clear and agreed protocols for assessing the risks associated
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with Lake use, relevant to specific activities, and including user participation in risk
management, would significantly reduce the past level of perceived uncertainty, both in respect
to the user groups and the regulatory/management agencies.
The development of predictive tools for progressive upgrading of the risk assessment,
approaching the timing of national and international events, would provide another means for
reducing this uncertainty.
These approaches would provide additional layers in respect to the ‘closure scenarios’ and
associated estimates of annual cost to the community.
7. Recommendations
The assessment of the economic value of the Lake to the ACT community has been identified by
the Reference Group as a key element in the consideration of the state of the water courses and
catchments for Lake Burley Griffin, and its implications for the ACT community.
This Paper has demonstrated the substantial economic and social benefits of the Lake’s sport,
recreational, water and landscape values to the ACT community, and the serious potential for
loss of these benefits as a result of decline in water quality of the Lake.
In view of the limited scope of information accessible for this analysis, and the emerging
significance of the economic element to the investigation, it is recommended that a more detailed
and rigorous economic assessment be commissioned, as necessary to guiding decisions on
management of this valuable asset into the future.

Ian Lawrence
PSM, Dip. Civ.Eng, B.E (Civil), M.A (Public Admin)
Adjunct Professor Sustainable Design, University of Canberra,
Senior Research Fellow, CRC eWater
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Appendix A. List of Submissions to Economic Impact of Lake Burley Griffin water quality
issues
ACT Capital Tourism
ACT EPA: Water abstraction data
Australian Institute of Sport
AROC Sport
Canberra Model Yacht Club
Capital Region Fishing Alliance
Canberra Yacht Club
Burley Griffin Canoe Club
Lake Burley Griffin Sea Scouts
National Capital Authority: Water abstraction data
Rowing Australian Capital Territory
Turner Residents Association Inc
Wetspot Watersports
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Lake Burley Griffin water quality: Health standards, protocols for
lake closure and outcomes.
Ian Falconer, Adrian Farrant, John Woollard
1. Introduction
On 27 May 2011 the Minister for the Environment and Sustainable Development,
directed the Commissioner for Sustainability and the Environment, to undertake an
investigation into the state of the water courses and catchments for Lake Burley
Griffin. This was initiated in response to the closures of the Lake in recent years for
recreational activity, due to safety risks through pollution by faecal bacteria and toxic
cyanobacteria.
A reference group was established and is providing advice to the Commissioner on
issues associated with the investigation. The reference group is being supported by an
advisory group of government and corporate representatives.
The present paper was commissioned to provide the Commissioner with advice which
includes the following:
 a comparative assessment of the historical and current health standards and
protocols for lake closure with respect to water quality within Lake Burley
Griffin with consideration of environmental flows associated with the Lake;
and
 recommendations for the short term and the longer term.
2. Context for the investigation
In the past eight years there have been a number of incidents where faecal bacterial or
cyanobacterial (blue-green algal) indicator organisms were at extremely high
concentrations in the various recreational water bodies in the ACT. As a consequence
the lakes have been intermittently closed for recreational use.
The high faecal bacterial indicator counts in Lake Burley Griffin have been attributed
to sewerage spills from the Queanbeyan Sewage Treatment Plant (STP), stormwater
runoff from the urban area and the possible free growth of a capsulated strain of E.
coli. High concentrations of cyanobacteria in Lake Burley Griffin and the Canberra
urban lakes can be attributed to high nutrient concentrations in runoff after rain, warm
water with anoxic lower layers, and low flushing of the lakes through drought.
During the drought the reduced flows into the lakes virtually stopped the flushing of
the lakes. At times the only inflow into Lake Burley Griffin was derived from the
discharge from the Queanbeyan STP. The reduced flows, along with warm summers
and stable conditions during the drought period, lead to cyanobacterial numbers
increasing steadily over the summer seasons, reaching peaks in the summers of 2008,
2009 and 2010. During the summer of 2010 the Lake experienced the worst
cyanobacterial bloom on record and as a result was closed for an extended period of
time due to the health risks to recreational users.
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3. The development of the ACT Guidelines for Recreational Water Quality, and
their implementation for safe recreational use of Lake Burley Griffin
The National Health and Medical Research Council (NHMRC) is the organisation
that develops national guidelines in Australia for recreational water quality. The
national guidelines are not mandatory and have been developed as a tool for State and
Territory governments to develop guidelines for local conditions and circumstances.
The aim of the guidelines is to encourage the adoption of a nationally harmonised
approach for the management of the quality of waters for recreation. The NHMRC
has developed a number of recreational guidelines over the last two decades.
Australian Guidelines for Recreational Water Use (1990)
These guidelines were produced by the NHMRC and released in 1990. The
guidelines were very limited in the information provided, but did cover issues such as
microbial indicators, pH, temperature, plant nutrients, water flows, dangerous objects,
clarity, toxic substances, odour, appearance and floatable matter and harmful
organisms.
The recreational activities were divided into the water activities with primary and
secondary water contact and passive recreational use.
There were no guidelines or advice regarding cyanobacteria in recreational water
bodies.
The faecal contamination indicator was the main criterion in determining if the water
quality was suitable for swimming and faecal coliforms were the indicator organism.
The guideline stated a “median value not exceeding 150 faecal coliforms per 100mL
for a minimum of 5 samples taken at regular intervals not exceeding 1 month with 4
out of 5 samples containing less than 600 faecal coliforms per 100mL.”
ACT Blue-Green Algae Action Plan (1999)
The Blue-green Algae Action Plan was a section in the Water Pollution Protection
Policy ACT, 1999. This guideline for blue-green algae (cyanobacteria) concentration
was based on the blue-green algae guideline numbers in Chapter 5 of the Australian
and New Zealand Guidelines for Fresh and Marine Water Quality (2000).
This action plan provided the guideline for lake closures on the basis of
cyanobacterial counts in the recreational water bodies in the ACT, before the current
ACT Guidelines for Recreational Water Quality (2010) were developed.
The guideline was for recreational areas of the lakes to be closed when blue-green
algal (cyanobacterial) cell numbers exceeded 20,000 cells per mL.
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Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(ANZECC 2000)
Chapter 5 of this document sets the guidelines for recreational water quality and
aesthetics. It is essentially an expansion of the NHMRC 1990 Australian guidelines
for recreational use of water, with additional information on nuisance organisms. This
section stipulates, “Direct contact activities should be discouraged if algal levels of
15,000 – 20,000 cells/mL are present, depending upon the algal species”. It also
describes the health issues associated with contact with blue-green algae
(cyanobacteria).
Guidelines for safe recreational water environments- volume 1: Coastal and fresh
waters (World Health Organization 2003)
The World Health Organization (WHO) 2003 Guidelines adopted a preventative risk
management approach to the review and assessment of the health hazards encountered
during recreational use of water environments. The issues addressed include
drowning and injury prevention, sun, heat and cold, faecal pollution, microorganisms,
chemical and physical agents, dangerous aquatic organisms monitoring and bluegreen algae.
The algal section of the WHO guideline recommends posting advisory signs when
counts of 20,000 blue-green algae cells/mL or more have been found in the affected
water. This advisory level was not adopted in the current NHMRC 2008 guidelines.
Guidelines for Managing Risks in Recreational Water (NHMRC 2008)
The 2008 Australian guidelines produced by the NHMRC are based on the WHO
recreational guidelines with the addition of the most recent information and research
available.
The 2008 guidelines were a much more comprehensive document than the 1990
guidelines and opted for a preventative risk management approach for the
management of recreational waters. These guidelines essentially followed the WHO
guidelines. The NHMRC guidelines focus on developing an understanding of all
potential influences on a recreational water body, through local assessment and
management of hazards and of factors that may lead to hazards. A key aspect of the
preventative approach is the development of monitoring programs that can provide a
real-time indication of water quality.
ACT Guidelines for Recreational Water Quality (2010)
The ACT Guidelines for Recreational Water Quality (2010) focus on the
microbiological and cyanobacterial issues in the ACT recreational water bodies.
The ACT Guidelines for recreational water quality have followed the NHMRC‟s lead
in regard to blue-green algae cell numbers but have modified the alert levels to suite
the local conditions and lake users groups activities. The numbers refer to Microcystis
aeruginosa or Anabaena circinalis which are most commonly occurring planktonic
(free floating) toxic cyanobacteria in the Lake. Where cyanobacteria of a different
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size to M. aeruginosa are identified eg Aphanocapsa the biovolume, expressed as
mm3/L, should be referenced as well as the cell count.
The ACT guidelines also incorporate the WHO (2003) advisory warnings and signage
for 20,000 cells/mL of cyanobacteria. This has been included for the protection of
individuals that suffer from the irritative or allergenic effects of cyanobacterial
compounds and is based on Australian studies. The NHMRC 2008 guidelines
acknowledged the “irritative or allergic effect” but also considered the Pilotto (2004)
study and concluded that
“The interpretation derived from the study is that these mild skin irritative
effects, which are readily resolved without medical treatment, do not warrant
consideration in the setting of a quantitative guideline for recreational
exposure”.
However as 12% of the study group did suffer from some effects, it was considered
that one in eight people, in contact with the contaminated water, may be subjected to
an irritative or allergic effect and this would not be acceptable to the ACT public.
Therefore the WHO advisory sign policy was adopted in the new ACT guidelines
when the counts reached 20,000 cells/mL
The ACT guidelines have also included an action plan for the benthic (filamentous,
attached to plants) cyanobacterium Tychonema. This organism tends to be a problem
in the winter months and has killed (poisoned) a number of dogs and made numerous
other dogs violently ill. This organism also has the potential to affect individuals that
wade or work in the shallow water along the edge of the lake. There is anecdotal
evidence of people working in the lake that have been affected by this organism with
vomiting and diarrhoea.
A literature search failed to identify any guidelines for this organism, so an action
plan was developed based on visual inspections (See page 6 of the ACT guidelines).
In summary, if no growth is observed, maintain routine visual monitoring. If benthic
growth is observed, indicate the risk on the warning signs and if obvious growth or
floating mats are observed, close the area to primary contact recreation.
The faecal bacteriological indicator, intestinal enterococci, was implemented in line
with the NHMRC guidelines. The guideline value of >200 CFU/100mL was adopted
based on the NHMRC guidelines, where above this number gasterointestinal illness
risk was between 5 -10 % for a single exposure and acute febrile respiratory illness
risk was between 1.9 – 3.9%. A copy of the current guidelines is attached.
4. Legislation for Recreational Water Quality in the ACT
ACT is unique and differs from other States and Territories in that the ACT has
legislation that allows enforcement of restrictions on local water bodies. Other States
and Territories are not able to enforce the restrictions recommended by the managing
authority so they provide advice, which is generally accepted by the local authorities
and the public.
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Before the ACT Guidelines for Recreational Water Quality (2010) were developed the
management of blue-green algae and bacterial indicator numbers in ACT recreational
water relied on two separate documents: Schedule 2 – Blue-green algae action plan of
the Water Pollution Environment Protection Plan (1990) for algal numbers and the
Australian Guidelines for Recreational Water Use (NHMRC 1990) for bacterial
indicator numbers.
The actual guideline numbers for lake closures for both bacterial indicators and bluegreen algae in the new ACT guidelines were increased substantially from the old
guidelines to the new guidelines, therefore accepting an increased level of risk. The
cyanobacterial (blue-green algal) numbers for lake closure to body contact water
sports have been increased from 20,000 in schedule 2 to 50,000 cells/mL in the
current guidelines. A similar increase has occurred in the faecal bacterial indictors, in
which there has been an increase from 35 cfu/100mL enterococci with the old
guideline, to 200 cfu/100mL in the new guideline. (The 1990 NHMRC guideline used
150 faecal coliforms as the indicator, however it was accepted that this is equivalent
to 33 enterococci/100mL. The ANZECC guideline stated 150 faecal coliforms were
equivalent to 35 enterococci/100mL). It is apparent that there would have been more
recent closures of recreational areas in the lakes with the old guidelines, if the new
less-stringent guidelines had not been implemented.
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The 2010 ACT guidelines were developed in consultation with the National Capital
Authority, the Environment Protection and Water Regulation, and Territory and
Municipal Services with a targeted public consultation process involving all major
lake user groups.
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5. Faecal microbial pathogens in Lake Burley Griffin
Ingestion of water containing faecal pathogenic organisms gives rise to many enteric
disorders, largely brief and self-limiting, but occasionally severe.
To prevent sickness occurring among people exposed to water, the safe limits for
faecal contamination in both recreational water (as discussed earlier) and drinking
water, have been determined by the National Health and Medical Research Council
and incorporated into the ACT Guidelines. As a consequence of the difficulty of
measurement in water of viruses or protozoa and the diversity of bacteria in natural
waters, the commonly measured organisms are faecal coliforms (Escherichia coli
strains), and intestinal enterococci, both of which occur abundantly in faecal material
from people and animals. These are used as marker organisms for faecal pollution and
thus relate to the extent of contamination of the water, though they are not necessarily
actual pathogens.
Hence monitoring of Lake Burley Griffin and the Molonglo River for these organisms
indicates the potential safety (or otherwise) for recreational use of the lake and river.
The current ACT Guidelines for Recreational Water Quality use enterococcal
concentration as the marker organism as described above, with lake access open when
the organisms are below 200 colony forming units/100mL of water, and closed for
primary body contact use when the concentrations are higher. This warns of the
danger to health of use for swimming, water-skiing, diving and windsurfing under
these conditions. At very high concentrations of enterococci indicating extensive
faecal pollution presenting a substantial health risk, the lakes are closed for all users.
During the last summer (2010/2011) enterococci peaked in East Basin of Lake Burley
Griffin at 12,000 colony forming units/100mL in December, and were over 200 in six
consecutive samples. Weston Park East and Black Mountain Beach, both popular
recreation areas, exceeded the 200 concentration eleven times.
Excessive concentrations of faecal organisms in the water resulted in the whole lake
being closed from late November to mid December 2010 and mid January to mid
March 2011 for primary contact water sports due to both enterococci and
cyanobacteria.
The lake was closed to all users in the first week of December 2010, after the heavy
rainfall. This total closure was due to a combination of hazard from floating debris
and trees and clear evidence of faecal contamination of the lake water. This late
November/December bacterial contamination of the Molonglo River and Lake Burley
Griffin was due to a number of separate components. Heavy rain (a one in 20 years
storm event) resulted in partially treated sewage overflow from a broken retention
wall at Queanbeyan STP, posing a significant risk to human health. The floodwater
entering Lake Burley Griffin also carried many dead willow trees from the Molonglo
River bank, making use of the lake dangerous for recreation. After clearing the
majority of the floating debris the lake was re-opened for secondary contact
recreation. The water-ski reach of the Molonglo River is still shut due to floating
debris and sandbanks at the time of writing, sixteen months after the event. It can be
expected that urban stormwater, including material from gross pollution traps, also
carried a substantial load of faecal microorganisms of animal origin into the lake. An
excessive count of enterococci in Lake Burley Griffin also occurred after the
Sullivan‟s Creek gross pollution trap was cleaned.

Page 161

7

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix C - Water Quality Health Standards and Closure Protocols

The previous year (the summer of 2009/10) enterococcus counts reached 7,800 in
February in East Basin, and were above the primary contact guideline (200) for most
of the summer. Similarly for most of the 2008/09 summer the counts exceeded the
primary contact limit for faecal coliforms, which were the organisms measured upto
2009.
Wet summers exacerbate this problem at the time of maximum recreational use, due
to contaminated urban runoff.
In general, the microbial contamination of Lake Burley Griffin in summer presents a
potential health threat to lake users, and requires remediation if the lake is to be used
for year-round recreation by primary body-contact water sports. This particularly
affects swimming, including triathlons, water skiing, and wind-surfing, all major
recreational uses of the river and lake.
6. Cyanobacteria
Water quality problems from cyanobacteria (blue-green algae) in Australia are not
new to human or to livestock health.
Toxic cyanobacteria first came to the attention of Australian health officers in
Adelaide in the 1800‟s, when numerous domestic livestock died as a result of drinking
water contaminated by Nodularia on the shores of Lake Alexandrina. The South
Australian public analyst, who looked at the dead animals and sampled the water,
investigated this early poisoning event. He dosed a calf with the green scum collected
from the edge of the lake, which died (Francis, 1878). The organism is a common
cyanobacterial species in estuarine lakes in Australia, and has caused extensive
problems in the East Gippsland lakes. Since that time many incidences of livestock
deaths have been reported worldwide from cyanobacterial poisoning, in some cases
with mortalities in the thousands of animals.
The most frequently offending species of toxic cyanobacteria in Australia are
Microcystis aeruginosa and Anabaena circinalis. The first of these organisms
produces a cyclic peptide causing liver damage if swallowed and pneumonia if
inhaled. This organism has caused documented health injury to canoeists, who were
exposed to the toxicity by carrying out Eskimo rolls, and to swimmers in
contaminated lakes. The most severe effects were from inhalation of the organisms,
causing pneumonia (Falconer, 2005).
The second organism, Anabaena, produces neurotoxic alkaloids related to the
shellfish poison saxitoxin (which results in paralytic shellfish poisoning) and can
cause muscular spasms if swallowed. This was suggested by the Coroner as the cause
of death of a teenager who swam in a scum of the organisms in a golf course lake in
the USA.
The many deaths of cattle and sheep drinking from the Darling River in 1991 were
caused by poisonous Anabaena (Falconer, 2005). There have been numerous reports
of allergic responses in people swimming in lakes contaminated with this
cyanobacterium, and repeated exposure exacerbates the effect (Falconer, 2005).

Page 162

8

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix C - Water Quality Health Standards and Closure Protocols

Both of these organisms live suspended in the water (planktonic species), grow
abundantly when the nutrient supply is sufficient, and proliferate during the summer
months when the water temperature rises. On calm days they rise to the surface and
cause concentrated scums on the shoreline. These present an enhanced risk of
exposure to bathers.
In cooler conditions other species of cyanobacteria grow on aquatic plants in lakes, as
a fine fur on the leaves (benthic species). These organisms are also neurotoxic and
dogs appear to be particularly susceptible. Dog deaths have occurred here of animals
paddling or swimming in both Lake Burley Griffin and Lake Ginninderra in the
winter, with typical symptoms of nerve toxicity.
Since these hazards to animal and human health occur worldwide, the World Health
Organisation set up an expert group to evaluate the risks from contamination of
drinking water and through recreational exposure (Chorus and Bartram, 1999). The
risks specifically associated with recreational exposure were further examined by
Chorus, Falconer, et al. (2000) for the World Health Organisation.
The predominant cyanobacteria in the waters of the Molonglo River and Lake Burley
Griffin in the summer are Microcystis and Anabaena, which both provide a risk to
human health through recreational exposure. The extent of the risk is determined by
the overall toxicity, which increases with the concentration of cells in the water. As
actual toxicity measurement is slow and expensive, jurisdictions worldwide have
adopted a cyanobacterial cell count as the most effective measure of risk. In Canberra
the Environment Protection Authority and the National Capital Authority both
monitor cyanobacterial cell counts and species in the summer months at a range of
sites. In winter there is visual monitoring of cyanobacteria in the water and that
growing on aquatic vegetation.
When the cell counts reach designated levels in the lakes showing potential risk, the
ACT Guidelines come into force, the monitoring is increased and the river and lakes
are closed for body contact water sports, but remain open for rowing, boating and
fishing. If the cyanobacteria reach higher concentrations (extreme alert), such that
accidental exposure from indirect contact through splashing during canoeing or
rowing are a risk to health, then the lake users are warned that secondary body contact
with the water may result in adverse health effects. The ACT guidelines set out the
details of precautions, including showering, and users need to follow the advice.
An example of the media release in January 2011 is below.
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Over the last decade there appears to have been a considerable increase in the summer
cell counts of toxic cyanobacteria in Lake Burley Griffin. From 1999 to 2002 the peak
cyanobacterial counts in Lake Burley Griffin were about 10,000 cells/mL or lower in
the summer, presenting a low risk. By January 2007 the cyanobacterial concentration
reached 60,000 to 80,000 cells per mL of lake water at some sites (particularly
beaches), just reaching the „High Alert‟ (high risk) level. From January to May in
2009 some sites reached 150,000 cells/mL, well into the extreme alert category.
Similar concentrations of cells were seen in 2010, with some beach sites accumulating
cyanobacteria at above 300,000 cells/mL. Under the earlier ACT guidelines secondary
contact water sports, such as rowing and sailing, would also have been prohibited at
this level of cyanobacterial contamination.
These cyanobacterial scums are particularly hazardous, due to the frequent high
concentrations of toxins present. Most livestock deaths have been due to shoreline
scums of cyanobacteria, with animals drinking.

Data from NCA monitoring report March, 2011
Colour points represent different monitoring sites. The high alert level is above
50,000 cells/mL (Log 4.7) and extreme alert level over 125,000 cells/mL (Log 5.06)
for cyanobacteria, which are the predominant organisms during cyanobacterial water
blooms.
These concentrations of cyanobacteria resulted in lake closures for body contact water
sports during the summer months over the last four years. Beach concentrations can
be greatly higher than those in free water, due to surface scums moving down-wind
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onto beaches. The highest measured was 570,000 cells/mL. greatly exceeding the
extreme alert level of 125,000 in the current ACT Guidelines for Recreational Water
Quality.
The Canberra urban lakes have been closed or warning signs erected due to
cyanobacteria at high to extreme concentrations on nine occasions during the last four
years, as listed below.
Alert Dates
Lake Tuggeranong
27 November 2007 – 10 January 2008 High Alert
12 March -4 April 2008 High Alert
3-5 February 2009 Medium
5 February - 18 May 2009 High Alert
18 May – 19 August 2009 Medium
28 January – 15 April 2010 Extreme Alert
15 April – 27 May 2010 Medium
10 February – 11 March 2011 High Alert
11 March – 1 April 2011 Extreme Alert
1 April – 16 June 2011 Lake Closed
Lake Ginninderra
3–11 February 2009 Medium
11 February – 18 May 2009 High Alert
18 May – 19 August 2009 Medium
22 April – 10 June 2010 Medium
Molonglo Ski Area
3-11 February 2009 Medium
11 February – 18 June 2009 High Alert
18 June – 19 August 2009 Medium
14-21 January 2010 Medium
21-28 January 2010 Extreme
28 January – 25 February 2010 High Alert
8 April – 13 May 2010 Medium
These cyanobacterial alert concentrations reflect similar contamination in Lake
Burley Griffin during summer.
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7. Conclusion and recommendations
It can be concluded that high to extreme concentrations of potentially toxic
cyanobacteria, and high concentrations of faecal microorganisms, occur at intervals in
Lake Burley Griffin. The lake has particular areas where the health risk is greatest,
generally those shallow areas used as swimming beaches which accumulate scums.
The 2010 ACT Guidelines provide detailed recommendations on lake closure, and
precautions to be taken by recreational users.
Recommendations
Since the changes in the Guidelines for recreational use of the Canberra Lakes in
2010, it is particularly important to monitor any observed adverse health
impacts to lake users of either bacterial or cyanobacterial contamination of the
lakes. These include gastrointestinal illness, skin allergies, respiratory
difficulties, eye inflammation or flu-like symptoms following water sports on or
in the lakes.
Similarly any health problems with domestic pets following water contact should
be reported.
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Background
This report contributes to the Lake Burley Griffin Investigation being undertaken by
the ACT Commissioner for Sustainability and Environment exploratory research on
the present legal governance framework for the management of water quality issues
in Lake Burley Griffin and opportunities to pursue future directions.
My Expertise
I have pursued strong academic and professional interests in Environmental &
Planning Law and Property Law for many years. I acted in my first Environmental
Law case in 1985. While working with the Law Reform Commission of Victoria
(1986-1989) I assisted development of the Law Reform Commission‘s contributions
to the Planning and Environment Act 1987 (Vic), the Flora and Fauna Guarantee Act
1988 (Vic) and the Water Act 1989 (Vic). I assisted foundation of the Environment
Defenders Office (Victoria), a community legal centre for Environmental & Planning
Law issues, and joined its board in 1992. I chaired the board for six years before
taking up my position at University of Canberra in 2006. My Ph D work, published by
the international publisher Kluwer Law International,1 examined in depth the way that
a land stewardship ethic influences German civil law, identifying a seed of the same
ethic in Australian property law.2 I have established new units in Environmental &
Planning Law and taught them in the law schools at University of Melbourne (1993 to
2000), Victoria University (2001 to 2006) and University of Canberra (2007 to date).
Problem Setting
Concern has been raised about water quality in Lake Burley Griffin and the Molonglo
River which supplies it. The lake is an artificial water body created as part of the
original plan for Canberra. It is a ―major landscape feature which unifies the National
Capital‘s central precincts and the surrounding inner hills‖ and it provides ―... for
National Capital uses and a diversity of recreational opportunities.‖3
There has been public concern about blue-green algae [cyanobacteria] blooms in the
lake, which have led to recreational uses of the lake being restricted, or the lake
being closed to them altogether. Blue-green algae blooms occur when there is a
sufficient nutrient load in the water in combination with other factors, such as sunlight
and temperature. Other contributions to this investigation will deal with the toxicity of
blue-green algae and conditions that generally accompany it, such as oxygen
depletion, however, I would like to stress the point that this is not a question of risk to

1

M Raff, Private Property and Environmental Responsibility – A Comparative Study of German
Real Property Law, Kluwer Law International, The Hague, 2003.

2

Most recently dealt with in M Raff, ‗Torrens, Hübbe, Stewardship and the Globalisation of
Property Law Systems‘ (2009) 30 Adelaide Law Review 245-289 (symposium edition for the
th
150 Anniversary of Torrens Title Symposium held at the Law School, University of Adelaide,
th
on 20 June 2008).

3

§ 1.2.2 National Capital Plan [―NCP‖]. On the NCP, see in text below following note 52. The
NCP is available on the website of the National Capital Authority.
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human health alone but an issue of the ecology of Lake Burley Griffin and the
Molonglo catchment generally, that brings with it risks to aquatic life.4
When considering the present regulatory structure and potential structures with
respect to water quality management, it is important to distinguish between general
regulatory powers of government and powers that are associated with public tenure
of land.
Powers of the ACT
A large measure of political and legislative autonomy was accorded the Australian
Capital Territory by the Australian Capital Territory (Self Government) Act 1988 (Cth).
Section 7 recognised the ACT as a body politic –
The Australian Capital Territory is established as a body politic under the Crown by the name of
the Australian Capital Territory.

and s 22 conferred plenary powers –
(1)

Subject to this Part and Part VA, the Assembly has power to make laws for the peace,
order and good government of the Territory.

(2)

The power to make laws extends to the power to make laws with respect to the exercise
of powers by the Executive.

Neither s 23 nor Part VA qualify this power in a relevant sense.
The Australian Capital Territory was defined spatially in Schedule 2 of the Seat of
Government Acceptance Act 1909 (Cth) in terms that include Lake Burley Griffin, and
a stretch of the Molonglo River immediately upstream, within the borders of the ACT.
Without more, there appears to be no limitation on the power of the ACT Legislative
Assembly to make laws with respect to water quality in Lake Burley Griffin. The
powers of the ACT government are, however, limited by its federal relationship with
the Commonwealth.
Section 28 of the Australian Capital Territory (Self Government) Act 1988 (Cth)
provides for inconsistency of Territory laws with other laws, doubtless referring to
Commonwealth laws –
(1)

A provision of an enactment [of the ACT] has no effect to the extent that it is inconsistent
with a law [of the Commonwealth] defined by subsection (2), but such a provision shall be
taken to be consistent with such a law to the extent that it is capable of operating
concurrently with that law.

(2)

In this section:
law means:
(a)

4

5

a law in force in the Territory (other than an enactment or a subordinate law); or

The report of Ian Lawrence in this Inquiry, ‗Water Quality Assessment Final Report‘ in
Investigation into the State of Lake Burley Griffin and Catchment, Office of the Commissioner
for Sustainability and the Environment, ACT, 2011-2012, identifies release of nutrient load
sequestered in the subsoil of the lake and contributed regularly by urban storm water as key
sources contributing to the problem.
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an order or determination, or any other instrument of a legislative character, made
under a law falling within paragraph (a).

In addition, s 27 of the Australian Capital Territory (Self Government) Act 1988 (Cth)
makes clear that –
Except as provided by the regulations, an enactment does not bind the Crown in right of the
Commonwealth.

The Australian Capital Territory (Self-Government) Regulations 1989 (Cth) sets out in
a Schedule legislation of the Territory that binds the Crown in right of the
Commonwealth.6 None of this legislation is relevant to environmental issues in issue
here.7
Powers of the Commonwealth Government
The Commonwealth has extensive powers to legislate on a range of topics under s
51 of the Australian Constitution.8 These powers are referred to as concurrent
powers, however, by virtue of s 109 a valid law of the Commonwealth will prevail
over an inconsistent law of a state. With respect to territories, and the ACT in
particular, the Commonwealth has yet stronger powers; the powers in the Australian
Constitution relating to the seat of government of the Commonwealth in s 52 –
The Parliament shall, subject to this Constitution, have exclusive power to make laws for the
peace, order, and good government of the Commonwealth with respect to:
(i)

the seat of government of the Commonwealth, and all places acquired by the
Commonwealth for public purposes;

and the ―territories power‖ in s 122 –
The Parliament may make laws for the government of any territory surrendered by any State to
and accepted by the Commonwealth, or of any territory placed by the Queen under the authority
of and accepted by the Commonwealth, or otherwise acquired by the Commonwealth, and may
allow the representation of such territory in either House of the Parliament to the extent and on
the terms which it thinks fit.

As the power in s 52 (i) is expressed to be an exclusive power, this topic of legislation
is removed from the powers of other legislative bodies whether the Commonwealth
has legislated or not. On a narrow reading, depending on how one defined the seat
of government, this could greatly limit legislative powers of the ACT. However, on a
broader interpretation, reading s 52 (i) and s 122 together, the Commonwealth may
confer a wide ranging power to make laws for the government of a Territory

5

The apparent ―double negative‖ in this provision created by removal of ―an enactment or a
subordinate law‖ from the definition of ―law‖ in s 28(2) could be read in a way that removes
concurrent operation in relation to them, allowing the paramountcy of Commonwealth law to
prevail by virtue of other powers (see below). The present reading of the provision resolves the
apparent ―double negative‖ without this effect: Communication of the Australian Capital Territory
Government Solicitor, 11 November 2011, 4.

6

Reg 3B.

7

Air Pollution Ordinance 1984 and Water Pollution Ordinance 1984 have been repealed.

8

These powers are also relevant to the contribution of nutrients to the Molonglo River in the State
of New South Wales.
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surrendered by any state and accepted by the Commonwealth, and has done so with
respect to the ACT.9
The Commonwealth also has the potential to exercise additional powers over the
Molonglo River catchment by virtue of paragraphs 2, 3 and 4 of the agreement
between the Commonwealth and NSW for the surrender of and acceptance by the
Commonwealth of territory for the purposes of the seat of government,10 in three
main aspects –
 the waters of the Queanbeyan and Molonglo Rivers and their tributaries (east
of the Goulburn to Cooma Railway) are subject to the ―paramount‖ use and
requirements of the Commonwealth ―for all the purposes of the Territory‖,
 all Crown lands within the catchment areas of the Queanbeyan and Molonglo
Rivers are to be reserved from sale, lease or occupation except with
concurrence of the Commonwealth, and
 the waters of the Queanbeyan and Molonglo Rivers are not to be polluted
and must be protected from pollution by NSW ―throughout their whole course
above the Territory‖.
Governmental Land Tenures
Commonwealth powers to legislate are closely related to powers associated with
public tenure of land.
Section 125 of the Australian Constitution states that the land provided for the seat of
government ―… shall be vested in and belong to the Commonwealth …‖ It followed
from the Seat of Government Acceptance Act 1909 (Cth) and the Seat of
Government (Administration) Act 1910 (Cth) that all land in the ACT was to be held of
the Commonwealth11 and private title to it could not be granted in freehold,12 in order
to secure a range of benefits in the common interest. Private title to land in the ACT
is consequently a form of Crown lease.13
A large measure of political and legislative autonomy was accorded the Australian
Capital Territory by the Australian Capital Territory (Self Government) Act 1988 (Cth),
as noted above, however, the accompanying Australian Capital Territory (Planning
and Land Management) Act 1988 (Cth) did not vest land in the ACT. On the contrary,
the land remained Crown land held by the Crown in right of the Commonwealth and a

9

Communication of the Australian Capital Territory Government Solicitor, above note 5, 3, citing
nd
PH Lane, Lane’s Commentary on The Australian Constitution, 2 ed, LBC Information Services,
Ryde, 1997, 382.

10

Schedule 1, Seat of Government Acceptance Act 1909 (Cth) – the relevant paragraphs are set
out below in Attachment 2.

11

s 7 Seat of Government Acceptance Act 1909 (Cth).

12

s 9 Seat of Government (Administration) Act 1910 (Cth).

13

See further, A J Bradbrook, S V MacCallum & A J Moore, Australian Real Property Law, 4 ed,
Law Book Co, Sydney, 2007, Chapter 5 ‗Public Lands‘.

th
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distinction was created for land management purposes between ―National Land‖ and
―Territory Land‖.14
National Land is a specified area of land in the Territory declared by the relevant
Commonwealth Minister by notice published in the Commonwealth Gazette to be
National Land.15 National Land is land used or intended to be used by or on behalf of
the Commonwealth.16 National Land is managed by the National Capital Authority
[NCA]. It is recorded in the National Capital Plan.17 Examples include the
Parliamentary Triangle, Commonwealth administrative areas and some other areas
considered nationally significant, such as approaches to Canberra like the Monaro
Highway. The definition of ―land‖ in s 4 of the Australian Capital Territory (Planning
and Land Management) Act 1988 (Cth) includes water. Lake Burley Griffin is
designated as National Land.
Land in the Territory that is not National Land is Territory Land.18 Section 29 of the
Australian Capital Territory (Planning and Land Management) Act 1988 (Cth)
provides for the administration of Territory Land, and most relevantly –
29 Administration of Territory Land
(1) The Executive, on behalf of the Commonwealth:
(a) has responsibility for the management of Territory Land; and
(b) subject to section 9 of the Seat of Government (Administration) Act 1910, may
19
grant, dispose of, acquire, hold and administer estates in Territory Land.

A further category of land created for planning purposes, the Designated Area, is
referred to in s 10(1) of the Australian Capital Territory (Planning and Land
Management) Act 1988 (Cth) –
The [National Capital] Plan may specify areas of land that have the special characteristics of
the National Capital to be Designated Areas.

The National Capital Plan prevails over an enactment that is inconsistent and no
activity may be undertaken that is inconsistent with it by –
14

ss 27 and 28 Australian Capital Territory (Planning and Land Management) Act 1988 (Cth). A
map of Declared National Land is included as Appendix D of the NCP, above note 3.

15

s 27, Australian Capital Territory (Planning and Land Management) Act 1988 (Cth). See for
example, Notification of Declaration of National Land of 23 August 2007 (Paddy‘s River) and
accompanying Explanatory Statement, containing a questionable reference to a ―... transfer
legal ownership of [the] land ... from the ACT Government to the Commonwealth.‖ See also
Revocation of Declaration of National Land of 8 February 2010 (Gungahlin and Canberra
Central) and accompanying Explanatory Statement, which describes the change of public land
tenure in terms that following revocation the land will be recognised as Territory Land and ―...
the ACT Government will assume management and control.‖

16

s 27(2) Australian Capital Territory (Planning and Land Management) Act 1988 (Cth).

17

A map of Declared National Land may be found in Appendix D of the National Capital Plan,
above note 3. Instrumental declaration of relevant parcels of ―National Land‖ is to be found in
the Commonwealth Government Gazette, as per s 27 Australian Capital Territory (Planning and
Land Management) Act 1988 (Cth).

18

s 28 Australian Capital Territory (Planning and Land Management) Act 1988 (Cth). See
generally Canberra Drag Racers Club Inc v Australian Capital Territory and Commonwealth of
Australia [2000] ACTSC 61

19

The remaining three subsections deal with private tenure issues, perhaps illustrating general
pre-occupation with the ACT leasehold system.
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 the Commonwealth, or a Commonwealth authority, or
 the Territory, or a Territory authority.20
The National Capital Plan may set out detailed conditions of planning, design and
development in Designated Areas and priorities in carrying out such planning, design
and development.21 No work may be undertaken in a Designated Area unless the
NCA has approved the works in writing and the works are in accordance with the
National Capital Plan.22 The National Plan, and amendments to it, are drafted by the
NCA, submitted to consultation with the Territory planning authority and the public,
and approved by the Commonwealth Minister responsible for administration of the
Australian Capital Territory (Planning and Land Management) Act 1988 (Cth).23
The ultimate object of the Territory Plan, made and administered by the Territory
government, ―... is to ensure, in a manner not inconsistent with the National Capital
Plan, the planning and development of the Territory to provide the people of the
Territory with an attractive, safe and efficient environment in which to live and work
and have their recreation.‖24 It is expressly provided in s 25(6) that the Territory Plan
does not apply to Designated Areas. There is considerable potential for overlap of
the National Land and Designated Area categories, because of the national character
of Commonwealth governmental activities pursued in the capital and this is in fact the
case; for example, the Parliamentary Triangle. An example of ambition in the
National Capital Plan to achieve a consultative approach to the management of
overlapping functions of the NCA and the ACT government may be found in the
National Capital Open Space System [NCOSS].25
The purposes of the land management categories of National Land and Territory
Land and the planning category of Designated Area must always be kept in mind. As
a matter of public land tenure, as noted above,26 regardless of these categories, the
dictate of s 125 of the Australian Constitution prevails with the effect that the lands
that comprise the Australian Capital Territory remain vested in the Commonwealth.
Common Law and International Concepts - Riparian Rights
It is necessary to consider the background provided by the Common Law approach
to management of water quality issues, namely riparian rights, before examining how
exercise by the ACT and Commonwealth governments of the powers explored above
affects the regulation of water quality. The Common Law principles concerning
riparian rights are important because (1) they provide a basic civil law standard for
water quality in a riverine environment, and (2) the principles applicable to relations
between private water users are reflected in international law riparian rights
applicable between nation states. These common law rights have been significantly
20

s 11 Australian Capital Territory (Planning and Land Management) Act 1988 (Cth).

21

s 10(2)(c), Ibid.

22

s 12, Ibid.

23

Part III, Division 2, Ibid.

24

s 25(2), Ibid.

25

See National Capital Plan, 8. National Capital Open Space System.

26

See above, in text at note 14.
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modified by statute, and particularly the Deakin water schemes,27 which vested water
in the Crown and provided for distribution to irrigation water consumers. The Water
Resources Act 2007 (ACT) establishes such a water scheme for the ACT. However,
it is clear that the private common law riparian right to receive water of reasonable
quality in the stream has not been affected by the statutory schemes, so upstream
users can still be held liable for detracting from downstream water quality.28 Another
important aspect of this topic for the purposes of the inquiry is the community of
interest recognised in a river that is shared by riparian states.
Riparian Rights as a Civil Law Standard of Water Quality
In European private law generally it is not possible to own the water in a flowing
stream until it is removed or captured, and the English common law reflected this.
Rather, common law riparian rights a stream and access to water in it are conceived
as an incident of holding a proprietary right in the land that forms the banks of the
stream.29 These principles apply to a watercourse with an identifiable channel, bed
and banks, possessing the qualities of a river or stream, but not to depressions in the
ground in which water may gather or a flood plain.30 The Molonglo River retains
these qualities of a stream as it flows through the artificially constructed Lake Burley
Griffin and on to join the Murrumbidgee River.
With respect to the types of proprietary rights in land that give rise to riparian rights in
a stream flowing by it, a possessory right, such as a Crown lease of a stream bank
would be a sufficient private proprietary right for these purposes but a Crown licence
alone would not.31 When one thus holds riparian rights with respect to a stream, one
gains a common law right to reasonable –


quantity,



force (for water mills and so forth),



quality and



natural drainage

of water.
Although I have been unable to find a previous court case specifically dealing with
nutrient loads, there is no reason why in principle a discharge of nutrients that leads
to algal blooms would not be a relevant interference with water quality. It might be
said that the nutrients are not toxic per se, and only become harmful cumulatively
and depending on the condition of the receiving water. However, the effect is to
render the water unfit for drinking and bathing. Analogous examples, such as raising

27

Gardner, Bartlett & Gray (2009), above note 29,184. The schemes were adopted widely around
Australia: see generally, J M Powell, ‗Enterprise and Dependency: Water Management in
Australia‘ in T Griffiths & L Robin (eds), Ecology and Empire: Environmental History of Settler
Societies, University of Washington Press, 1997, Chp 7.

28

Van Son v Forestry Commission of New South Wales (1995) 86 LGERA 108.

29

See generally A Gardner, R Bartlett & J Gray, Water Resources Law, LexisNexis Butterworths,
Chatswood, 2009, Chapter 8.

30

Gardner, Bartlett & Gray (2009), above note 29,154-155.

31

Gardner, Bartlett & Gray (2009), above note 29,153.
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salinity32 and siltation33 levels support the conclusion that contributing to excess
nutrient load is a breach of downstream riparian rights. Breach of riparian rights is an
interference with proprietary interests actionable as a nuisance and foreseeability is
not necessarily a consideration. In the context of civil law rights, the identity of
upstream users who might become liable when they interfere with downstream
riparian rights includes private persons, corporations and governmental agencies,
unless they do so in pursuit of some other clear legal power.
Riparian Rights in International Law
The riparian rights of nation states that share an international river resource reflect
the principles found in domestic law, briefly explained above. This is an important
consideration because, although they have never been litigated in Australian
interstate relations,34 other federated nations, such as India35 and the United
States,36 consider the international principles to have corresponding application in
relations between states within a federation and the principles have historically
played an important role in inter-colony and interstate discourse about shared
Australian river systems.37 We might describe these as public law riparian rights. In
the context of public law rights, the identity of upstream users who might become
liable when they interfere with downstream riparian rights includes governments and
their agencies and public authorities, unless they do so in pursuit of some other clear
power under, as appropriate, international or constitutional law.
The importance of this is that the Commonwealth holds riparian rights in respect of
Lake Burley Griffin and the Molonglo River, within the ACT, by virtue of the lands of
the ACT that are ―vested in‖ or ―belong‖ to it, in terms of s 125 of the Australian
Constitution.38 In respect of the common law, it is thus primarily the Commonwealth
that is expected to assert riparian rights in respect of water quality. However, the
ACT government holds areas of the stream and lake banks in possession in order to
discharge its functions and this is also a sufficient basis for relevant legal action.39
The importance of arriving at a final view on this is reduced by the more important
point that it is emphasised in international law that all of the states with riparian rights
in an international river hold a community of interest in the river. The usual solution
to problems in sharing the river is to form an international commission and, in the
event of disputes, to submit to arbitration.
32

Scott-Whitehead v National Coal Board (1987) 53 P & CR 263; Gardner, Bartlett & Gray (2009),
above note 29, 161.

33

Van Son v Forestry Commission of New South Wales, above note 28.

34

Gardner, Bartlett & Gray (2009), above note 29, 126-127, note that litigation threatened by
South Australia in 1904-05 did not proceed.

35

See for example Shaheed Z A Bhutto, ‗Riparian Rights in International Law‘, Address at Sukkur
Law College, 24 April 1961, available at www.bhutto.org/1957-1965_speech38.php

36

See for example J W Dellapenna, ‗The Customary International Law of Transboundary Fresh
Waters‘ (2001) 1 International Journal of Global Environmental Issues 264, 272.

37

See for example discussion of relevant historical sources in R v Ward (No 2) [1980] VR 209,
concerning location of the Victoria – New South Wales border.

38

See text above, before note 11.

39

Legal action is not necessarily commenced in the jurisdiction where the affected land is located:
Dagi and Others v Broken Hill Proprietary Company Ltd (No 2) [1997] 1 VR 428 (Ok Tedi Mine
Case).
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An example of an interstate river commission on an analogous scale in Australia is
provided by the New South Wales - Queensland Border Rivers Agreement, providing
for joint management of the Severn, Dumaresq, Macintyre and Barwon Rivers, which
form part of the border between the states.40 This arrangement is concerned with the
sharing of the water resources in the river and not primarily water quality.
Arrangements made between the Commonwealth and NSW for the supply of water
to Canberra with respect to the Googong Dam on the Queanbeyan River in NSW put
into effect the Commonwealth‘s powers in respect of these rivers.41 The Canberra
Water Supply (Googong Dam) Act 1974 (Cth) vests in ―Australia‖ the ―rights to use
and dispose of all waters in the Googong Dam Area and to control, restrict or
interrupt the flow of all waters in and from that Area‖ ―exercisable by the Executive‖ of
the ACT government ―on behalf of Australia‖,42 ―primarily and principally‖ for use in
the ACT.43 As the Googong Dam is on the Queanbeyan River upstream of the City
of Queanbeyan, and its confluence with the Molonglo River, the powers in this Act
have small relevance to the question of water quality in the Molonglo River and Lake
Burley Griffin.44
With the highest relevance is the Murray-Darling Basin Agreement 2008.45 The
Agreement was signed by the Chief Minister of the ACT, however, the ACT is not a
―referring state‖ within the meaning of the Water Act46 because the Legislative
Assembly has not legislated to refer to the Parliament of the Commonwealth for the
purposes of paragraph 51(xxxvii) of the Constitution such matters as the powers
conferred on Commonwealth agencies by the Water Act and the management of
Basin water resources to meet critical human water needs.47 In any case, § 38 of the
Murray-Darling Basin Agreement provides that it will have minimal effect on the ACT.
However, this probably underscores the broader irrelevance (or crucial but unrealised
relevance) of the Water Act and Agreement to ecological issues, apart from the
40

See generally, Gardner, Bartlett & Gray (2009), above note 29, 143-144; New South Wales —
Queensland Border Rivers Act 1946 (Qld) and New South Wales — Queensland Border Rivers
Act 1947 (NSW).

41

Outlined in text above, following note 9. See also, the Memorandum of Understanding between
the ACT, NSW and the Commonwealth on ACT and NSW Cross Border Water Resources,
2006.

42

Section 11. Arrangements for water supply to Canberra were recently the subject of litigation in
the High Court of Australia in Queanbeyan City Council v ACTEW Corporation Ltd [2011] HCA
40 (5 October 2011), which considered the question of whether water supply costs passed on to
Queanbeyan City Council amounted to unconstitutional excises or duties.

43

Section 12.

44

Ian Lawrence, above note 4, points out that removal of the flow of water from the Queanbeyan
River that would otherwise take place has a strong practical effect on the water quality of Lake
Burley Griffin, especially in dry seasons.

45

The Agreement is Schedule 1 of the Water Act 2007 (Cth) (compilation prepared on 3 August
2011 taking account of amendments up to Act 46 of 2011).

46

Above, note 45.

47

s 18B. It could be that the existence of the Territories power (s 122 of the Australian
Constitution) makes this unnecessary and thus the ACT remains a ―referring State‖: s 18B(1)(a).
Gardner, Bartlett & Gray (2009), consider that the Water Act operates in the ACT simply by
virtue of the Territories power and s 51: above note 29, 134 note 47. See s 9A(4). Section 52 of
the Australian Constitution could also have relevance on this point.
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preparation of water quality and salinity management plan48 and an environmental
watering plan49 and periodic environmental watering schedules:50 the Murray-Darling
Basin Authority web site still refers to these tasks in the future tense.51
The National Capital Plan and the Lakes Ordinance 1976
The National Capital Authority [NCA] was introduced above.52 The NCA exercises its
functions in relation to Lake Burley Griffin because the lake has been designated as
National Land and it has a management role under the National Land Ordinance.
The broader functions of the NCA are set out in section 6 of the Australian Capital
Territory (Planning and Land Management) Act 1988 (Cth). They are –
(a)

to prepare and administer a National Capital Plan;

(b)

to keep the Plan under constant review and to propose amendments to it when
necessary;

(c)

on behalf of the Commonwealth, to commission works to be carried out in Designated
Areas in accordance with the Plan where neither a Department of State of the
Commonwealth nor any Commonwealth authority has the responsibility to commission
those works;

(d)

to recommend to the Minister the carrying out of works that it considers desirable to
maintain or enhance the character of the National Capital;

(e)

to foster an awareness of Canberra as the National Capital;

(f)

with the approval of the Minister, to perform planning services for any person or body,
whether within Australia or overseas; and

(g)

with the Minister‘s approval, on behalf of the Commonwealth, to manage National Land
designated in writing by the Minister as land required for the special purposes of
Canberra as the National Capital.

The powers of the NCA are set out in section 8 –
Subject to this Act, the Authority has power to do all things necessary or convenient to be done
for or in connection with the performance of its functions.

Although one would generally consider this a very broad power, it does not extend to
management of upstream catchment issues, because this is not one of the functions
of the NCA, set out above. The management of upstream catchment issues remains
with NSW, subject to Commonwealth involvement under the seat of government
agreement,53 with respect to lands in NSW, and with the ACT government with
respect to lands in the ACT. Nevertheless, the NCA has included important
provisions concerning the lake itself in the National Capital Plan [NCP]. Part 1.2 sets
out principles and policies concerning Lake Burley Griffin and Foreshores.54
48

s 25.

49

s 28.

50

s 29.

51

www.mdba.gov.au/basin_plan/concept-statement/key-elements (accessed 27.9.2011).

52

In text above, following note 14.

53

See above, in text following note 8.

54

The text of Part 1.2 is extracted in Attachment 2 of this paper.
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Appendix J sets out the Lake Burley Griffin Technical and Management Guidelines –
Hydraulics and Water Quality.55
The NCA‘s role in relation to the lake is bolstered by the provisions of the Lakes
Ordinance 1976, which was adapted to the circumstances of territory selfgovernment by the National Land Ordinance 1989. As with the provisions of the
NCP noted above, the Lakes Ordinance 1976 is concerned with control of activity in
and around the lake, monitoring and action in the event of poor water quality events.
The centre piece of relevant powers is section 21,56 which allows the prohibition of
use of the lake area or parts of the lake. The first important point is that it is not
actually the NCA that closes the lake but the nominated Minister,57 and, secondly,
there are objective thresholds to be demonstrated58 or a formal certificate to be
obtained,59 and not simply the Minister‘s satisfaction. The efficacy of the provision as
an emergency power must be questioned. The National Land Ordinance itself
directs the NCA to manage National Land.60 ―Management‖ is defined in relation to
land to include ―care, control and maintenance‖61 with the likely effect that the
management of water quality is included.62 The existence of these provisions leaves
little room for the concurrent operation of Territory laws, and thus limited scope for
the ACT to establish a more effective or more modern power to close the lake in an
environmental emergency.
The NCA is in the course of preparing a new Lake Burley Griffin Water Quality
Management Plan.63 As at present proposed, this document will revise a range of
scientific measures of water quality, criteria and benchmarks, in light of data gathered
over 10-30 years, according to category. This initiative is to be welcomed. However,
again, no and doubt in view of limits on the role of the NCA, it proposes few broader
Molonglo catchment initiatives.
Commonwealth Places and the Environment Protection & Biodiversity Act 1999
(Cth)
The Environment Protection & Biodiversity Act 1999 (Cth) [EPBC] is the centrepiece
of Commonwealth environmental protection legislation, embracing environmental
issues, such as protection of biodiversity and conservation of world heritage, in
respect of which the Commonwealth has legislative power by virtue of sections 51
and 52 of the Australian Constitution. Section 10 provides –

55

The text of Appendix J is extracted in Attachment 3 of this paper.

56

The text of s 21 Lakes Ordinance 1976 is extracted in Attachment 4 of this paper.

57

In general principle this power could be delegated but appears not to have been.

58

s 21(3).

59

s 21(3)(c).

60

s 4(1).

61

s 4 Australian Capital Territory (Planning and Land Management) Act 1988 (Cth), applied by s
3(2) National Land Ordinance 1989.

62

Communication of the Australian Capital Territory Government Solicitor, above note 5, 5.

63

I am grateful for the opportunity that was allowed me by the NCA to consider the latest draft of
this draft document in depth.
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This Act is not intended to exclude or limit the concurrent operation of any law of a State or
Territory, except so far as the contrary intention appears.

However, it is difficult to imagine a situation relevant to this investigation in which a
clash with ACT law could occur.
The main relevance here of this law is its application in respect of Commonwealth
areas and the activities of Commonwealth agencies. The main example is provided
by potential offences undertaken on Commonwealth land that could have a
significant impact on the environment,64 leading to the need for comprehensive
environmental impact assessment and approval under sections 66 – 145E. Other
examples include management of –


National Heritage places in Commonwealth areas,65



wetlands of international importance under the Ramsar Convention,
entirely within one or more Commonwealth areas,66



Commonwealth Heritage places in Commonwealth areas,67



Commonwealth reserves,68 and



conservation zones.69

Section 525 includes the ACT in the definition of a Commonwealth area, apart from
Territory Land,70 unless the relevant Territory Land is held under lease by the
Commonwealth or a Commonwealth agency. Consequently, Lake Burley Griffin is
also a Commonwealth area for the purposes of the EPBC.
Statutory Regulatory Structures – the Environment Protection Acts of the ACT
and NSW
The waste discharge licensing systems of the ACT and NSW are based on the same
model71 and have strong underlying similarities –


the Environment Protection Act 1997 (ACT), which established the ACT
Environment Protection Authority, and



the Protection of the Environment Operations Act 1997 (NSW) and the
Protection of the Environment Administration Act 1991 (NSW), which
established the NSW Environment Protection Authority72.

64

ss 26, 27 and 27A Environment Protection & Biodiversity Act 1999 (Cth).

65

s 324S.

66

s 328.

67

ss 341A – 341ZH.

68

ss 342 – 390A (marginal relevance).

69

ss 390B – 390J (marginal relevance).

70

The concept of Territory Land is dealt with in text above, following note 18.

71

Foundation of the US Federal Environment Protection Authority by President Richard Nixon in
1970 coincided with a similar Victorian initiative found in the Environment Protection Act 1970
(Vic).

72

See the website of the Office of Environment and Heritage [OEH]:
www.environment.nsw.gov.au/
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Both systems feature –


tiered offences of creating states of pollution,



a licensing system that regulates waste discharges,



powers to make environment protection policies that clarify acceptable
ambient and other environmental qualities, and regulations that support
administration of the system, and



administration of the Act generally, with powers such as the inspection of
premises.73

A significant underlying limitation found in this model of waste discharge licensing is
the concentration of the system on ―point source‖ as opposed to ―diffuse‖ discharges.
Point source discharges are those released from an identifiable point, such as a pipe
or chimney stack. Diffuse discharges emanate from a site generally, such as
rainwater surface run-off. While discharges laden with nutrients that enter
watercourses from waste treatment facilities and storm water drains do emanate from
point sources, a considerable volume of nutrient laden water enters watercourses as
rainwater surface run-off or moisture percolating through soil. Such run-off, and
drainage from streets and other urban areas is also the original source of storm water
discharges.
It is generally accepted that the ACT EPA has authority with respect to the water
quality of watercourses and other discharges that enter Lake Burley Griffin, while the
National Capital Authority has primary responsibility for the water quality of the Lake
itself. The ACT Health Protection Service also monitors water quality in Lake Burley
Griffin.
A number of points may be made about the operation of the Act in connection with –


immunity of government entities



the limited ability of private citizens to enforce the Act



territorial scope of the offences

Section 10 of the Environment Protection Act 1997 (ACT) offers a government
entity74 limited immunity from criminal liability under the Act, which embraces the
main offences of causing pollution –


causing serious environmental harm: section 137(3),



causing material environmental harm: section 138(3)



causing environmental harm: section 139(3)



causing an environmental nuisance: section 141



placing a pollutant where it could cause harm: section 142.

73

For a general overview, see J Pitts, ‗Environmental Harm‘ in A Rawson (ed), ACT
nd
Environmental Law Handbook, 2 ed, Environmental Defender‘s Office (ACT), 2009.

74

Defined in s 121 of the Legislation Act 2001 (ACT) to include an instrumentality, officer or
employee of the government; and a contractor or anyone else who exercises a function on
behalf of the government.
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The standing of private citizens to sue in environmental cases has long been debated.
Issues concerning prosecution of criminal offences are less well appreciated. At
common law all citizens have the right to initiate a private criminal prosecution,
although this is often modified by legislation.75 Section 127 of the Environment
Protection Act 1997 (ACT) allows the EPA to apply to the ACT Supreme Court for
injunctive order with the purpose of enforcing the Act. Application may also be made
by ―any other person with leave of the court‖.76 However, the court must not grant
leave unless it is satisfied that the person has requested the authority to take action
under the Act and the authority has failed, within a time that is reasonable in the
circumstances, to notify the person in writing that it has taken any action that is
appropriate in the circumstances, and, it is in the public interest that the proceedings
should be brought.77
In NSW private citizens may apply to the Land and Environment Court but there the
applicant need only notify the EPA of the application and establish a relevant breach
of environmental legislation in the substantive case.78 The ACT requirement of first
requesting action by the EPA and then applying to the court should there be no
adequate response resembles health provisions regarding the remedying of
nuisances at local government level, apparently of Imperial origin,79 still found in
Victorian health legislation.80 One advantage of the Imperial provision was that the
complaint could be made in the Magistrates Court rather than courts at the higher
level of the NSW Land and Environment Court or the ACT Supreme Court with
commensurately higher legal costs.
Section 22 of the Australian Capital Territory (Self Government) Act 1988 (Cth)
conferred plenary powers on the ACT Assembly ―to make laws for the peace, order
and good government of the Territory‖ as noted above,81 a term generally connoting
authority to make laws with potentially extra-territorial reach. Section 2 of the
Australia Act 1986 (Cth) recognised the extra-territorial reach of State legislation,
however this pre-dated the Australian Capital Territory (Self Government) Act. The
Australia Act nevertheless expresses an intention to bring formal constitutional
arrangements ―into conformity‖ with a state of affairs that already existed.82 When
section 22 of the Australian Capital Territory (Self Government) Act was drafted, it
must have been recognised that the power ―to make laws for the peace, order and

75

See generally M Raff, ‗Pollution, Politics and National Competition Policy - the National
Competition Policy Review of the Environment Protection Act in Victoria‘ (1999) 6 Australasian
Journal of Natural Resources Law & Policy 91.

76

s 127(1)(b).

77

s 127(2).

78

s 252 of the Protection of the Environment Operations Act 1997 (NSW).

79

See Mowling v Justices of Hawthorn (1891) 17 VLR 150.

80

Formerly Part III Health Act 1958 (Vic) and now ss 60-67 Public Health and Wellbeing Act 2008
(Vic). See also ss 124 & 125 Local Government Act 1993 (NSW), now operating in this respect
through s 252 of the Protection of the Environment Operations Act 1997 (NSW), referred to
above, note 78.

81

In text above, before note 6.

82

Preamble, Australia Act 1986 (Cth).
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good government of the Territory‖ would bring with it this capacity where a sufficient
connection to the Territory is found83 −
… the test whether a law is one for the peace, order and good government of the State is, as
so stated, exceedingly vague and imprecise, and a rather more specific test has been adopted;
it has become settled that a law is valid if it is connected, not too remotely, with the State
which enacted it, or, in other words, if it operates on some circumstance which really
appertains to the State ... [518] it is obviously in the public interest that the test should be
liberally applied, and that legislation should be held valid if there is any real connexion — even
84
a remote or general connexion …

ACT legislation thus potentially has extra-territorial reach.
The main events giving rise to culpability with respect to offences under the
Environment Protection Act 1997 (ACT), causing serious environmental harm,85
causing material environmental harm,86 causing environmental harm,87 and causing
an environmental nuisance,88 take place within the ACT and potentially form a
sufficient connection to the jurisdiction, even if the discharge or release of waste
causing it were to take place outside the ACT – the person responsible for such a
discharge could thus potentially be prosecuted by the ACT EPA.
Land Use Planning Powers
Land use planning has been considered relevant to environmental management
since its inception.89 It goes almost without saying that both the ACT and NSW have
statutory land use planning schemes.90 Land use planning is a potentially effective
tool in the management of land based activities that give rise to non-point source
discharges on private land, with the capacity to scrutinise developments proposals
for potential to exacerbate water quality issues.
Proactively, it would be possible to assist regulation of horticultural or agricultural
practices with potential to exacerbate the situation in the catchment, for example,
contributing nutrients to or withholding water flow from the river system, through
conditions on relevant planning zones or permissions, or by developing a general
planning overlay for land with potential impacts on the riverine environment.

83

See generally T Blackshield & G Williams, Australian Constitutional Law and Theory –
th
Commentary and Materials, 4 ed, Federation Press, Sydney, 2006, 153-162.

84

Pearce v Florenca (1976) 135 CLR 507 per Gibbs J, 517-518. See also Port MacDonnell
Professional Fishermen’s Assn Inc v South Australia (1989) 168 CLR 340, Mobil Oil Australia
Pty Ltd v Victoria (2002) 211 CLR 1, and APLA Ltd v Legal Services Commissioner (NSW)
(2005) 219 ALR 403.

85

s 137.

86

s 138.

87

s 139.

88

s 141.

89

See generally, M Raff, ‗A History of Land Use Planning Legislation in Victoria‘ (1996) 22
Monash University Law Review 90

90

ACT: Planning and Development Act 2007 (ACT). NSW: Environmental Planning & Assessment
Act 1979 (NSW).
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Integrated Catchment Management
The ideal of integrated catchment management is to align human activity and
systems of authority with the broader natural eco-system that underpins it all, the
water catchment within which it all takes place, noting that almost everything we do
will have effects on surface and groundwater in the catchment. The alignment of
natural and human boundaries should facilitate the recognition and greater exercise
of responsibility with respect to the interconnected ecology of the catchment.91
Victoria and NSW have undertaken significant initiatives in catchment management
with related ideals,92 which nevertheless do not fully realise the ideal stated above.93
This probably reveals the intransigence of broader political forces and established
political boundaries, conceptual as well as spatial, rather than failure of the initiatives
themselves. Without doubt, the relevant catchment bodies94 play strong valuable
roles in coordination and consultation at community and stakeholder levels.
Conclusion
The structure of powers and the activities of relevant Commonwealth, ACT and NSW
agencies and authorities suggest that the management of water quality issues in the
Molonglo River catchment has fallen back to reactive approaches, such as
monitoring Lake Burley Griffin and closing it when standards are exceeded, rather
than proactive approaches, such as seeking to manage conditions in the catchment
that give rise to water quality problems. In my assessment, this is an understandable
response in light of the complex jigsaw of authority and powers and apparent
mismatches between authority and powers. Without clear authority to take
necessary initiatives with respect to the catchment as a whole, what else can
agencies do but adopt reactive postures to the problem? A range of water quality
control measures has been identified,95 however, these need to be supported by
broader governance structures through which problems may be reduced at their
sources and the implementation of direct measures can be coordinated.
At an ideal level, what is called for is a new vision for and approach to management
of water quality in the catchment as a whole. However, experience suggests that
new arrangements at the required scale take much time and many resources to
develop and implement. Accordingly, in the governance options that I sketch and
discuss below I also seek to identify practical steps forward that could potentially
91

See generally, A Gardner ‗The Administrative Framework of Land and Water Management in
Australia‘ (1999) 16 Environmental & Planning Law Journal 212. See also S Hatfield-Dodds,
‗The catchment care principle: a practical approach to achieving equity, ecosystem integrity and
sustainable resource use‘, CSIRO, Australia, 15 January 2004, available at
www.water.org.au/pubs/pub11_dodds.htm

92

Vic: Catchment and Land Protection Act 1994 (Vic). NSW: Catchment Management Authorities Act
2003 (NSW).

93

Gardner, Bartlett & Gray (2009), above note 29, § 6.23.

94

For this catchment the Murrumbidgee Catchment Management Authority :
www.murrumbidgee.cma.nsw.gov.au/. The ACT Natural Resource Management Council
exercises analogous functions in the ACT: www.actnrmcouncil.org.au/

95

The report of Ian Lawrence, above note 4, § 8 Management Intervention Assessment, identifies
and reviews a range of achievable direct measures.
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improve the situation in a shorter time frame, with less resources, while serving as a
step toward the development and implementation of the broader vision.

Option 1 – Extension of Commonwealth Involvement
The Commonwealth holds a range of relevant powers that have been explored above
–
 exclusive powers with respect to the seat of government in section 52 of the
Australian Constitution,
 the benefit of a range of rights with respect to the Molonglo and Queanbeyan
Rivers under the agreement with NSW concerning the seat of government,
 riparian rights with respect to upstream sources of water quality problems,
and
 the territories power in section 122 of the Australian Constitution.
Why not develop a Commonwealth response?
Although these powers are extensive, it remains questionable that they are
sufficient to form the basis of authority to undertake the comprehensive
coordination that is required with respect to environmental management of lands in
NSW. A Commonwealth response that could address the problems identified
would require intervention on a scale that would also impair self-government of the
ACT. The ongoing cooperation of relevant areas of government is essential for
success at every step. A Commonwealth response of this nature would have to be
cast in legislation. The result would be another layer of administration and set of
legal powers in an area that appears already to have more than enough agencies
at all levels of government in a complex jigsaw of powers. It is suggested that one
more, even a Commonwealth mega-agency, would further confuse the way forward,
rather lead to solutions. It would be a challenge for such a mega-agency, imposed
on the other two jurisdictions from above, to achieve and maintain the level of
cooperation required.
Option 2 – Extension of ACT Involvement
The ACT EPA already has far reaching powers with respect to water quality in the
Molonglo River and within areas of the catchment within the ACT. In addition it could
probably prosecute the impairment of water quality identified in NSW with respect
states of pollution that ensue in the ACT, although, as presently conceived, the waste
discharge licensing model found in the Environment Protection Act 1997 (ACT)
focuses on point sources. The ACT also has the benefit of riparian rights with
respect to upstream sources of water quality problems.
These powers and rights might form the basis of prosecution or legal claim, however,
they are insufficient to form the basis of authority to undertake the comprehensive
coordination that is required by the scale of the problem.
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In relation to Lake Burley Griffin itself, the existence of the Lakes Ordinance and the
National Land Ordinance in the least limit the power of the ACT to undertake
comprehensive management of the problem by virtue of the constitutional superiority
of Commonwealth.
In addition, the National Capital status of relevant areas attracts on-going
Commonwealth involvement. It would be necessary to find ways within an ACT
response to gain input from the Commonwealth, as well as NSW, and achieve
cooperation to implement measures that are beyond the power of the ACT.
Option 3 – A Catchment Management Forum or Council
Consideration in this report of existing powers and authority that may be brought to
bear on the problem suggests strongly that the missing element is coordination of
existing expertise and powers, rather than the creation of new ones. The formation
of a council or forum of relevant Commonwealth, ACT and NSW agencies, local
government and other stakeholders, including community representatives, would
provide the capacity for coordination across the Molonglo catchment of activities with
potential effects on water quality, while retaining with the agencies and other
interested parties direct connection to, if not ―ownership‖ of the problems.
A catchment council is the way forward suggested by international and federal
approaches to riparian rights,96 building on the insight that riparian right holders form
a community of interest in the resource and its broader ecological context. Intergovernmental committees have collaborated successfully on these issues in the past;
for example, a Joint Government Technical Committee provided a forum in the
coordination of inter-governmental agency action to remediate heavy metal pollution
from an old mine at Captain‘s Flat. A more permanent Intergovernmental Committee
for the Environment existed between 1970 and 1990.
The catchment management council would exist within a broader framework of
Murray Darling Basin and Murrumbidgee River Catchment management but focus on
the Molonglo River catchment. An independent chair would be most desirable. It
could develop –
 a vision for the ecological health of the Molonglo River catchment, and
 develop an environmental improvement plan for the catchment
to be implemented by its member agencies within their own spheres of operation and
powers.
Its on-going coordination tasks could include97 –
 in-Lake management measures;
 catchment management;
 designation & zoning of use values;
96

In text above, following note 33.

97

Priority management measures identified by Ian Lawrence in his water quality report, above
note 4, § 8.
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 an improved algal bloom risk forecasting capability;
 level of values and objectives maintenance management;
 user education, awareness and risk management measures;
 a monitoring program providing the scope of information supporting
appropriate management and risk assessment decisions, on the part of the
management authority and user groups;
 data coordination.
The main challenges of this approach relate to security of funding and lack of formal
legislative or administrative powers. On the other side, it appears that across the
agencies involved there is not a lack of powers but rather mismatches between
functions and powers in relation to this issue that call for leadership and coordination
with respect to it. There is also a need for priority setting in light of inputs from a
broad range of community and agency sources.
A catchment council would have the independence needed to gather technical
information and commission studies and to formulate responses that would enjoy a
higher level of confidence in the eyes of agency and community participants. The
task of developing greater detail for this option itself requires broad consultation,
however there already appears to acknowledgement of the need for a shared vision
and successful experience of coordinating approaches in the past, such as the
Captain‘s Flat project and Intergovernmental Committee for the Environment referred
to above.
In the longer term, this coordination role could linked to or united with the roles of
other groups with similar concerns, such as the Upper Murrumbidgee Catchment
Coordinating Committee.98 In the shorter term, the catchment council could be
formed as a company limited by guarantee, which is a corporate vehicle in
widespread use among not-for-profit organisations, combining flexible powers with
corporate governance standards and audit requirements. Most importantly the
coordination role of the catchment council would not be complicated by constitutional
or jurisdictional complexities. Precedents for use of private law corporate models in
pursuit of these advantages in governmental, private sector and community
cooperative arrangements include the Australian mapping network led by PSMA
Australia Ltd99 and G21.100 Representative board positions could be held by
participating Commonwealth, ACT and NSW agencies, local government, private
sector stakeholders and community representatives. Such a body would develop a
the longer term new vision for and approach to management of water quality in the
catchment as a whole. This is the approach that I recommend.
Professor Murray Raff
Canberra Law School
98

http://umccc.org.au/

99

PSMA Australia Ltd, a company owned by state, territory and Australian governments,
established to coordinate the collection of fundamental national geospatial datasets and to
facilitate access to this data, which started in 1993 as a government consortium formed to
create an integrated national digital base-map for the 1996 National Census:
seehttp://www.psma.com.au/index.html

100

Geelong Regional Alliance: http://www.g21.com.au/about-g21
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Attachment 1
Liability Issues in Division of Responsibilities Between the Commonwealth and
ACT Governments
Section 30 of the Australian Capital Territory (Planning and Land Management) Act
1988 (Cth) goes on to deal with liability issues –
30 Territory liable as manager of Territory Land
(1) Where, apart from this section, the Commonwealth would be liable in respect of an
act done or omitted to be done by the Territory in the performance of its functions
101
under section 29, the liability is vested in the Territory and ceases to be a liability
of the Commonwealth.
(2) Where:
(a) a liability arises in respect of land at a time when it is Territory Land; and
(b) the liability arises from a covenant given by the Commonwealth at any time in
its capacity as owner of the land;
the liability is vested in the Territory and ceases to be a liability of the
Commonwealth.

The provision is fairly clear that the liability of the Territory is in reference to acts or
omissions with respect to management functions. Other liability not caught by this
provision would remain with the Commonwealth, or at least be shared or divided
between the Territory and the Commonwealth according to other responsibilities.
Section 51(1) on the other hand provides that –
The Commonwealth shall indemnify the Territory, and keep the Territory indemnified, against
any action, claim or demand brought or made against the Territory in respect of any act done
or omitted to be done by or on behalf of the Commonwealth, being an action, claim or demand
that, apart from this Act, could be brought or made against the Commonwealth.

The indemnity extends to damages, expenses and costs.102 It does not apply to
actions, claims or demands in respect of liabilities referred to in s 30.103
The question of liability in respect of National Land managed by the Territory under
separate agreements made with the Commonwealth is not answered by s 30. Under
general principle, the Commonwealth would remain at least partly liable for acts or
omissions of the Territory unless the separate agreement specified otherwise, or the
Territory was acting outside the scope of the separate agreement at the time of the
relevant act or omission. In cases of part liability in respect of acts or omissions of
the Territory in its management of National Land under a separate agreement made
with the Commonwealth, s 51 could well have the effect of indemnifying the Territory
in respect of its part. Again, this might not be the case if the separate agreement
provided otherwise, but query whether this statutory indemnity may be contracted out
of, or if the Territory was acting outside the scope of the separate agreement at the
time of the relevant act or omission.

101

Administration of Territory Land. An extract of s 29 is set out above, in text at note 19.

102

s 51(2) Australian Capital Territory (Planning and Land Management) Act 1988 (Cth).

103

s 51(3), Ibid.
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Attachment 2
Extract from the Agreement for the Surrender to and Acceptance by the
Commonwealth for the Purposes of the Seat of Government

The text in this extract is taken from Schedule 1 of the Seat of Government
Acceptance Act 1909 (Cth). This extracted text is unaffected by the Seat of
Government Acceptance Act 1922 (Cth).
...
2.

The right of the State or of the residents therein to the use and control of the waters of the
Queanbeyan and Molonglo Rivers and their tributaries which lie to the east of the Goulburn to
Cooma Railway shall be subject and secondary to the use and requirements of the
Commonwealth (which are hereby declared to be paramount) for all the purposes of the
Territory, and the State shall consent to the construction by the Commonwealth in the State of
such works as are necessary for those purposes.

3.

The State shall reserve from sale, lease, and occupation (except with the concurrence of the
Commonwealth) all Crown lands within the catchment areas of the Queanbeyan and Molonglo
Rivers.

4.

The State shall not pollute and shall protect from pollution the waters of the Queanbeyan and
Molonglo Rivers throughout their whole course above the Territory.

...
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Attachment 3
Extract from Part 1.2 of the National Capital Plan

1.2

Lake Burley Griffin and Foreshores

1.2.1 Background
Lake Burley Griffin is an integral part of the design of Canberra and is a vital and key element in the
plan for the National Capital. The lake is not only one of the centrepieces of Canberra‘s plan in its own
right but also forms the immediate foreground of the Parliamentary Zone.
Lake Burley Griffin has become an important recreational resource for Canberra‘s residents and
visitors, but there is a need to identify ways in which the lake can be used to further unify the city as a
whole both functionally and in landscape terms.
The Authority will support the development of recreational, tourist and National Capital uses of the
Lake and its foreshores. A well defined system of lakeside drives, park access roads and public
transport access should be maintained so that residents and visitors can get to the lake and its parks
without disturbing nearby areas unduly.
The lakeside pedestrian/cycle path around the entire lake needs to be completed. The link around the
eastern part of the lake is to be built in a manner which does not compromise the conservation values
of the Jerrabomberra Wetlands. If it is commercially feasible, a ferry service from the ferry terminal to
the Parliamentary Zone and other tourist nodes will be supported.
Lake Burley Griffin and Foreshores are part of the National Capital Open Space System. The principle
and policies set out at 8.2 and 8.3 will apply as well as the principle and policies below.
1.2.2 Principle for Lake Burley Griffin and Foreshores
To conserve and develop Lake Burley Griffin and Foreshores as the major landscape feature which
unifies the National Capital‘s central precincts and the surrounding inner hills; and to provide for
National Capital uses and a diversity of recreational opportunities.
1.2.3 Policies for Lake Burley Griffin and Foreshores
(a)

Lake Burley Griffin and Foreshores should remain predominantly as open space parklands
while providing for existing and additional National Capital and community uses in a manner
consistent with the area‘s national symbolism and role as the city‘s key visual and landscape
element.

(b)

Lake Burley Griffin and Foreshores are intended to provide a range of recreational, educational
and symbolic experiences of the National Capital in both formal and informal parkland settings
with particular landscape characters or themes. These should be maintained and further
developed to create a diversity of landscape and use zones which are integrated into the
landscape form of the city and reflect the urban design principles for the National Capital.

(c)

Jerrabomberra Wetlands will be protected as a wildlife refuge in a National Capital and urban
context, with facilities designed to realise the area‘s potential as a significant conservation and
education resource for Canberra residents, tourists and international visitors.

(d)

The water quality and hydraulic operation of the lake should be maintained in a manner
designed to protect Lake Burley Griffin and Foreshores‘ visual and symbolic role and its water
uses as set out in Appendix E.
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The range of uses permitted in Lake Burley Griffin and Foreshores will be the following:
•

Aquatic Recreation Facility

•

Club (related to lake use only)

•

Community Facility

•

Landscape Buffer

•

National Capital Use

•

Outdoor Education Establishment

•

Park

•

Pathway Corridor

•

Public Utility

•

Regatta Point Exhibition

•

Reserve

•

Restaurant

•

Restricted Access Open Space

•

Road

•

Scientific Research Establishment

•

Tourist Facility (not including a service station)

The nature of uses permitted in Lake Burley Griffin and Foreshores is defined in Appendix A.
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Attachment 4
Extract from Appendix J of the National Capital Plan

Appendix J
Lake Burley Griffin Technical and Management Guidelines
Hydraulics And Water Quality
Preamble
Hydraulics and Water Quality Criteria
A great many inter-related factors affect the Lake and the quality of its water. The usual coordination
mechanism is to adopt a set of designated uses together with criteria for hydraulics and water quality.
Operation of Scrivener and Googong Dams
At present, Scrivener Dam is mainly used to maintain the level of the Lake and prevent flooding in its
environs. With the development of the Lower Molonglo River for recreation, it will be necessary to
impose new operating criteria.
The construction of Googong Dam has reduced the flow into the Lake and hence the overflow
downstream of the Scrivener Dam. There are however Commonwealth/State agreements on riparian
and other releases from Googong. In addition, provision has been made for Googong to store enough
water to top up Lake Burley Griffin unless there is a severe drought.
Flood Plain Protection
Some major floods have been recorded in the Molonglo River. While development has in general been
excluded from the l00-year flood plain, at this stage, there are no formal siting policies with respect to
flood levels.
Soil Conservation and Siltation Control
As a result of an extensive programme of soil conservation, the carrying of sediment by the Molonglo
River and the consequent siltation of Lake Burley Griffin have been considerably reduced. However,
with the increasing pressures on land uses within the catchment, continual monitoring of erosion will
be required.
Local and Dispersed Sources of Discharge to the Lake
While the establishment and growth of aquatic plants (eutrophication) is a natural process in the
ageing of a lake, it has been intensified in Lake Burley Griffin by the discharge to the Lake of nutrients
from sewage effluent, urban runoff, agricultural fertilisers and animal faeces in the catchment and by
the depletion of throughflow because of the construction of Googong Dam.
Sewerage
Present recreational areas are well serviced by sewers, but several potential recreation areas around
the Lake are still a long way from sewer lines.
Stormwater
There needs to be stronger control over discharges of stormwater to the Lake and discharges to the
stormwater drains.
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Water Supply
In some situations it may be cheaper to use Lake water rather than town mains for irrigating parks and
gardens.
Water Pollution Legislation
Enactment of the Water Pollution Ordinance 1984 has provided a mechanism to control industrial and
commercial waste discharges to urban drains and the Lake.
Mine Pollution Abatement
Since the Captain's Flat mine pollution abatement works were completed (1975), there has been much
less heavy metal pollution of the Molonglo River.
Management of Aquatic Plants
While aquatic plants may be a nuisance, they do play an important role in the overall ecology and the
protection of the water quality of the Lake. In the interests of general Lake water quality, this aspect of
the Lake's ecology must be carefully managed.
Lake Deepening
The shallowness of some areas of the Lake, together with aquatic plant growth and siltation, hinders
recreational uses.
Development Along the Lakeshore
The opportunity to intercept drainage, monitor water discharges, and construct trash and oil traps may
be lost if development takes place right next to the foreshore.
Water Quality Monitoring
The monitoring of the quality of the water in the Lake has so far been geared to particular functions,
such as the management of fish, and to dealing with specific problems as they arose. It should be
carried out comprehensively to meet the needs both of planning and management.
Maintenance And Management
Preamble
Co-ordination of Planning and Management
The Lake is managed in accordance with the provisions of the Lakes Ordinance 1976 so as to
improve the appearance of the national capital, preserve the environment and allow the best use of
the Lake for recreation.
Park Maintenance Standards
Because they form the setting for the Lake and the National Area, and are very popular with tourists
and locals, the parklands surrounding the Lake are areas of special national concern, and their
present high standard of maintenance is therefore justified.
Lake Management Practices
Some established Lake management practices should be reviewed.
Lakeshore Development Sites
Sites for club houses and boatsheds have been provided along the lakeshore and areas have been
set aside for future national capital and tourist developments.
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Activities not compatible with the key policy objectives for Lake Burley Griffin shall not be permitted.
Guidelines
1.

A Guideline is that a Lake Burley Griffin Management Plan will be prepared by the National
Capital Planning Authority.

2.

The Guideline is that the Designated Uses and the Hydraulic and Water Quality Criteria to
protect them, as set out below, shall apply;

Wherever possible Lake waters should not be altered in ways which reduce the quality below the
desirable level for the following specific uses. A complete set of water quality objectives is contained in
Appendix E – ACT Water Policies. The following objectives are the main ones relevant to particular
uses:
(a) Landscape Function
The quality of Lake waters should be consistent with the protection of aquatic plants and animals
where this does not conflict with other uses.
Lake water should be free from:
•

floating debris, oil, grease, scum or other objectionable matter

•

substances that produce undesirable colours, smells, turbidity or foaming

•

undesirable aquatic growth such as algae blooms or larger plants.

(b) Water Recreation
For all forms of water recreation the water quality should meet the criteria recommended for landscape
purposes as well as the following additional criteria:
Fishing
Changes in water quality should produce only minimal changes in species of fish or their habitat.
Boating
Lake water should be free of:
•

toxic or irritant algae

•

floating and submerged debris.

Swimming
Ideally, swimming water should have:
•

pH within the range of 6.5 to 8.3

•

E. coli concentrates less than 200 per 100 ml

•

sufficient clarity for a Secchi disc to be visible at a minimum depth of 1.2m

•

temperature in the range 20–30°.

In swimming areas, water should be free of floating and submerged debris and of weed growth.
At times, because of natural processes, the Lake water will not meet these criteria.
Swimmers should be warned of the extra care required in using the Lake at these times.
(c) Irrigation Water Supply
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The total suspended solids of the Lake water should be less then 200 mg/L.
(d) Protection of Aquatic Ecology
Lake waters should have:
•

ortho-phosphate less than 0.025 mg/L

•

unionised ammonia less than 0.025 mg/L

•

suspended solids less than 80 mg/L

•

dissolved oxygen greater than 7 mg/L

Water discharged to the Lake should not cause temperature variations of more than 5oC from the
naturally occurring temperature.
3. The Guideline is that the Operating Criteria for Scrivener and Googong Dams as given below, shall
apply:
Scrivener Dam
The ACT Administration has prepared a draft manual, Scrivener Dam Gate Operation Procedures
During Floods which is currently being reviewed. The first criterion is that Scrivener Dam should be
operated so as to minimise flooding of the Lake environs. The normal mode of operation of the flood
gates should be to release flow at Scrivener Dam at approximately the same rate as the inflow to the
Lake from all sources less losses. This will maintain a nearly constant Lake level in East Basin equal
to the normal Lake level of RL 555.93 m, for flows up to 2 000 cumecs. At 2 000 cumecs all flood
gates should be fully open and any subsequent increase in inflow will result in a higher Lake level.
Frequent gate operations with small incremental increases in releases form Scrivener Dam,
particularly during the initial stage of a flood, minimise the rate of rise in the river level downstream
more effectively then infrequent gate operations of large increments. As a safety precaution for
downstream, therefore, operations should be in a small increments at a suitable frequency.
Flows up to a total of 55 cumecs can be released by the three sluice gates which can be operated
either manually or automatically by the level of the Lake. In the initial stages of a flood greater than 55
cumecs, there are constraints on the initial rate of release of water, on the order of operation of the
gates, and on the extent to which individual gates are opened, so as to dissipate the energy of
tailwater below the dam.
Releases from the Dam should maintain a base flow of 0.03 cumecs in the Molonglo River
downstream of Scrivener Dam at the gauging station below Coppins Crossing. However, such
releases may be suspended when there are water restrictions in Canberra or when the drawdown in
Googong Reservoir is such that water restrictions might be required in the immediate future.
Modifications shall be made to the outlet arrangements at Scrivener Dam to facilitate release of water
from the upper level of the Lake at the rate required for base flow maintenance.
Googong Dam
The Googong Reservoir, together with the Cotter River storages, can supply water for a population of
400,000. It can also supply riparian rights along the Queanbeyan river downstream to the ACT border,
irrigation for a limited area within New South Wales and along the banks of the Queanbeyan River
from Googong Dam to the ACT border, and irrigation for 400 hectares of land around the foreshores of
Lake Burley Griffin, as well as topping up the lake so that it does not fall more than 0.25 metres below
the normal level of RL 555.93m.
Releases of water from Googong Reservoir shall be made in accordance with the memorandum of
understanding on Riparian and other Releases, as drafted by the Commonwealth.
Releases for topping up Lake Burley Griffin shall be made to maintain the Lake at not less than 0.25
metres below the normal level of RL 555.93 m. the exception to this is during periods of ‗water
restrictions' in Canberra or during periods when the drawdown in storage at Googong Reservoir and/or
the three Cotter storages is such that water restrictions might be imposed in the immediate future. The
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releases from Googong Reservoir will include the water required to compensate for evaporation
losses from Lake Burley Griffin, irrigation water withdrawals form the Lake and release at Scrivener
Dam to maintain a base flow of 0.03 cumecs in the Molonglo River at the gauging station below
Coppins Crossing.
Within the constraints of inlet systems, water level and the requirements of the treatment plant, the
quality of the releases made form Googong Dam for riparian rights and other purposes shall be the
available at the time of release.
4. The Guideline for Flood Plain Protection, is to exclude structures, habitation and landfill within the
floodplains, unless no alternatives are available. (Where structures are necessary, they shall be
designed to minimise impacts on the passage of the flood or on flood levels. In the case of water
storages, inundation of upstream land is accepted only on the basis of other benefits derived by the
community.)
To achieve this objective the following will apply;
(i) Development shall be excluded from the 1:100 AEP flood area unless no alternative is available.
(ii) Peak flood levels shall not be increased above existing levels unless it can be demonstrated that
the rise does not adversely affect leases or services.
(iii) Peak flood velocities shall not be increased above existing levels unless it can be demonstrated
that the increased velocity does not adversely affect the stability of the flood plain or safety. An
average velocity of 2 m/s is the maximum acceptable velocity over the natural flood plain.
(iv) The duration and frequency of flood inundation shall not exceed existing flood inundation
frequency and duration unless it can be demonstrated that such changes do not adversely affect the
flood plain.
(v) Velocity-depth values shall not be increased above existing velocity depth values unless it can be
demonstrated that increased values do not adversely affect safety.
(vi) Ponding or reduction of flows shall not be acceptable if significant sedimentation, which is
detrimental to the flood plain, can be expected.
5. The Guideline for Soil Conservation and Siltation Control, is that the Commonwealth shall
periodically review erosion in the Lake catchment in conjunction with other authorities and seek
agreement to incorporating planning controls over subdivision and land use policies.
Land use and development in the catchment areas draining to the Lake will be coordinated with soil
conservation requirements under the ACT Water Pollution Ordinance and the ACT Building Ordinance.
The system of bed load traps is to be extended, covering all discharge outlets to the Lake, and is to be
maintained on a regular basis.
6. The Guideline for Local and Dispersed Sources of Discharge to the Lake, is that all discharges of
waste to the Lake shall be contained, either by connection to the Canberra sewerage system, or by
treatment to remove pollutants before discharge.
7. The Guideline for Sewerage, is that the sewers shall be extended to match a programme of
recreational development.
8. The Guideline for Stormwater, is that trash, oil and bed load traps shall be incorporated into all
major drains discharging to the Lake.
The location of stormwater drain outlets in relation to Lake water quality zones and designated uses is
to be reviewed. Drains are to be relocated in some locations to facilitate the maintenance of parklands.
9. The Guideline for Water Supply, is that the economic and environmental benefits of using Lake
water to irrigate parks and gardens be investigated. After the amounts available for such purposes
have been determined, all taking of water from the Lake and River is to be controlled.
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10. The Guideline for Water Pollution, is that compliance with the requirements of the Water Pollution
Ordinance 1984 be monitored.
11. The Guideline for Mine Pollution Abatement, is that the results of monitoring of the Molonglo River
downstream of the Captains Flat mine abatement works shall be kept under review to ensure that the
pollution of the Lake from this source is controlled.
12. The Guideline for Management of Aquatic Plants, is that established areas of macrophyte growth,
including East Basin, Sullivans Creek Inlet and Acacia Inlet shall be protected and managed as weed
growth habitats, except for designated recreation uses requiring direct access to the water's edge.
13. The Guideline for Lake Deepening, is that consideration shall be given to deepening the Kingston
Boat Harbour, the area between Springbank Island and Hospital Point, Acton ferry terminal and other
areas as needs dictate. In the short term, aquatic plant beds in the east end of the Lake will be
retained as a nutrient trap to protect the water quality of the Lake.
14. The Guideline for Development along the Lakeshore, is that it shall be so sited that all drainage
and waste discharges from the site can be intercepted and discharged to drains and sewers, and the
drains equipped with trash, sediment and oil traps.
The drainage requirements for developments may be included as development conditions at the
developer's expense.
15. The Guideline for Water Quality Monitoring, is that a comprehensive programme of water quality
monitoring shall be agreed on and undertaken.
16. The Guideline for Coordination of Planning and Management, is that these guidelines be adopted
as a basis for coordinated planning and management.
17. The Guideline for Park Maintenance Standards, is that the lakeside parkland shall continue to be
maintained to a high standard.
18. The Guideline for Lake Management Practices, is that the following Lake management practices
be reviewed;
•

Lifebuoys, emergency telephone and rescue procedures

•

Moorings

•

Use of Lake water for irrigation

•

Control of dogs and horses on the foreshores

•

Resolving conflict between users

•

Hire concessions

•

Maintenance of clear shorelines

•

Licensed Clubs

•

Safety and security aspects of Lake management facilities.

19. The Guideline for Lakeshore Development Sites, is as follows;
•

Commercial concessions:

The placement, form and colour of buildings and/or structures on any land leased for these
developments are to be subject to detailed site planning standards to ensure that the development is
in harmony with the Lake landscape and does no harm to the environment of the Lake. Public access
is to be maintained around such buildings and between the buildings and the lakeshore.
•

Boatsheds, clubhouses and other recreational or community development directly related to the
use of the Lake:
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The placement, form and colour of buildings on any land leased for these developments will be subject
to detailed site planning standards to ensure that the development is in harmony with the Lake
landscape and does no harm to the environment of the Lake. Public access is to be maintained
around such buildings and between the buildings and the lakeshore.
•

Major lakeside buildings, special national capital attractions and other tourist developments:

The placement, form and colour of buildings on any land used for these developments will be subject
to detailed site planning standards to ensure that the development is in harmony with the Lake
landscape and does no harm to the environment of the Lake.
•

Lake maintenance and boat servicing

The placement, form and colour of buildings on any land used for these developments will be subject
to detailed site planning standards to ensure that they are in harmony with the lakeside setting.
20. The Guideline for Siting of Buildings in the Lake Flood Zone shall be as set out below;
Siting Policies
Buildings in the Lake flood zone shall be subject to the following controls:
(a)

Residential Areas: All habitable floors are to be above the 100 year flood level.

(b)
Commercial Areas: Walkways, service areas, basements are to be above the 100 year flood
level.
(c)
Institutional Areas: Walkways, service areas, basement carparks are to be above the 100 year
flood level.
(d)
Archives, reference collections, etc are to be above the 500 year flood, with the establishment
of emergency measures to safeguard collections in the event of a more extreme flood.
Structures shall be so designed and sited that they in no way make flood levels worse, upstream or
downstream. They shall be capable of withstanding the forces created by flood water pressure and
prevent accumulation of flood debris, in accordance with the requirements of the Building Ordinance.
Floating structures must be securely and suitably anchored or be capable of rapid removal to safe
anchorage in the event of a very large flood; otherwise they could be a danger to the flood gates on
Scrivener Dam.
These gates are approximately 5 metres in height and if damage or blockage prevented them from
closing after a flood, the Lake level could fall 5 metres, enough to empty it over much of its area.
A rare flood, e.g. a 500 year flood, would raise Central and East Basin by 2.5 to 3.0 metres. An
extreme flood which might have a return period of one in a million or more, would raise the Lake level
in these basins by 6.0 to 6.5 metres. (These extreme flood estimates are currently being revised).
Flood Warning System
The present system has been in operation for more than 15 years. The performance of the system
should be checked about every 10 years.
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Attachment 5
Extract from the text of Section 21 of the Lakes Ordinance 1976

s 21 Prohibition of use of lake area or parts of lake
21 (1) Subject to subsection (3), the Minister may, by notice published in a newspaper circulating in
the Territory, prohibit entry to a lake area.
(2) Subject to subsection (3), the Minister may, by notice published in a newspaper circulating in the
Territory, declare an area of a lake to be a prohibited area.
(3) The Minister shall not prohibit entry to a lake or declare an area of a lake to be a prohibited area
unlessa.

the condition of the waters of a lake or that area, as the case may be, is such as to
constitute a threat to the health of a person entering those waters;

b.

the prohibition or declaration is reasonably necessary in connexion with the maintenance
or preservation of a lake or the maintenance, preservation or testing of an associated
work;

c.

the Commissioner of Police has given to the Minister a certificate in writing stating that
the prohibition or declaration, as the case may be, is reasonably necessary to enable
members of the Police Force of the Territory to carry out their duties in a lake or in a lake
area;

d.

by reason of an emergency in a lake or a lake area, it is necessary or desirable to do so;
or

e.

to do so is otherwise in the public interest.

(4) The Minister may cause a boundary of a prohibited area to be defined by such means as he thinks
necessary.
(5) A person shall not, while a notice under subsection (1) is in force in respect of a lake area, enter,
or remain in that lake area after he has been informed by an inspector or a member of the Police
Force that a notice under subsection (1) is in force in respect of that lake area and that entry to that
lake area is prohibited.
Penalty:
a.

in the case of a natural person-$500; and

b.

in the case of a body corporate-$2,500.

(6) A person shall not enter, or remain in, an area of a lake that is a prohibited area after he has been
informed by an inspector or a member of the Police Force that that area is a prohibited area and that it
is an offence to enter, or remain in, that area.
Penalty:
a.

in the case of a natural person-$500; and

b.

in the case of a body corporate-$2,500.

(7) It is defence to a prosecution for an offence against subsection (5) or (6) for the defendant to
prove that he was in the lake area or the prohibited area, as the case may be, with the consent in
writing of the Minister and in accordance with the conditions (if any) subject to which that consent was
given.
(8) Subsections (5) and (6) do not apply to-
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a.

a person concerned in, or employed or engaged in or in connexion with, the maintenance
or preservation of a lake or the maintenance, preservation or testing of an associated
work;

b.

an Australian public servant or a Territory public servant;
a.

a member of the staff of an authority established for a public purpose by or under a
Territory Act or a law of the Commonwealth;

c.

an inspector; or

d.

a member of the Police Force,

who enters a lake area or a prohibited area in the execution of his duty or for the purposes of his
employment or engagement.
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Introduction
Members of the public with an interest in the Investigation into the state of the watercourses and
catchments for Lake Burley Griffin were invited to be involved in the investigation by lodging a
submission with respect to the terms of reference on the Office of the Commissioner for Sustainability
and Environment’s website at www.envcomm.act.gov.au. Submissions formally closed on 30th
September 2011. The Terms of Reference (TOR) for this investigation were:
Investigate the state of the water courses and catchments for Lake Burley Griffin including:
1. possible improvements for managing water quality and the appropriateness of the current
protocols for lake closures;
2. identifying the causes of lower water quality, including possible resource implications of
addressing them;
3. jurisdictional implications for water quality management of the lake; and
4. the implication of these findings for the ACT’s other major recreational waterways, such as
Lake Ginninderra and Lake Tuggeranong.
In response, twenty six (26) individuals or groups made submissions totaling 115 A4 pages including
attachments. These respondents included individuals, business owners, fishing groups, amateur and
professional sporting clubs and associations, and groups associated with land and water care.
Submissions were generally clear, balanced and concise in their presentation of views although a few
present unusual and unscientific interpretations of facts, and one business respondent appeared keen to
provide a commercial solution for poor water quality in the ACT lake system.
In the context of this consultancy, submissions data was qualitatively analysed using Coding Theory.
Early in this process it became obvious that the existing terms of reference would not provide adequate
scope to describe and categorise the issues emerging from submissions, so additional themes were
created to adequately describe these. These are shown in Table 1 along with approximate ranking of
expressed views by theme.
Table 1: Quantitative Data Analysis themes
Theme

Number

Percent

Water quality management

51

39.8

General Management issues

26

20.3

Lake closure protocols

17

13.3

Jurisdictional issues

9

7.0

Lake design / vision

8

6.3

Public consultation

6

4.7

Resource implications

6

4.7

Investigation TOR

4

3.1

Lake ecology

1

0.8

2
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This analysis identified one hundred and twenty eight (128) separate views in submissions. Similar
views in different submission were recorded separately in this evaluation. Qualitative analysis of the
submission information allowed grouping of views into themes and analysed further by sub-themes.
Many of the issues raised in submissions were complex and did not neatly fall into a clearly evident
theme or category. In these cases, the dominant expressed theme was used in this analysis.

Qualitative Data Analysis Results
Water quality
It is clear from Table 1 that water quality management issues were of primary concern to those making
submissions to this investigation. Nearly forty percent (51/128) of all issues raised related to water
quality or associated management issues in Lake Burley Griffin and other ACT lakes and ponds. The
range of views here reflected general awareness and observation about effects of, and causal influences
on, low water quality in the lake. In approximate rank order, these views included:
impact of lake closures on water recreation activities and local and national sports events and
training.
sediment and other contaminated runoff from development sites in the local catchment;
sewage and nutrient-rich outflow from upstream sewerage treatments systems;
nutrient rich and other pollution runoff from adjacent rural catchments;
polluted suburban runoff (residential, commercial, industrial);
the polluting impacts of inadequate design and management of ACT government Gross
Pollution Traps (GPT) located at key points in local creak and stream catchments; and
adverse flow inputs resulting from inadequate pest and weed control in local and upstream
catchments;
Views relating to the first point, that of the negative impact of lake closures on the National Capital
image, on tourism, on water recreation and local and national water-sports training and events,
comprised the largest set of associated responses in these submissions (nearly 13% or 16/128). From
the responses it was apparent that poor water quality in ACT lakes and waterways was becoming a
problem for local recreational uses, but increasingly it was also impinging on regional and national
sporting competitions and events staged in Canberra as the National Capital. Respondents reiterated
the negative effects this had on Canberra’s reputation as a reliable and appropriate venue for national
water-sports events.
Many tourism and associated businesses also rely on the amenity of Lake Burley Griffin and other ACT
lakes and waterway. There were many expressions in these submissions of the substantial negative
impact that poor water quality and lake closures had on these business activities.
Quotes from submissions reflect these views:
The other fundamental problem is we tend to separate issues of water quality from water quantity.
(Public submission 5)
The lake is a fantastic resource which is severely limited in use by pollution and the danger of blue
green algae. (Public submission 22)
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I understand the water quality in the lake is difficult to keep clean, as a lot of the catchment is from
the Inner North and Inner South suburbs, and the storm water run-off into the lake is polluted. This
is a problem, but this issue could be utilised to raise community awareness about pollution, how it
moves from the point of pollution to the lake, how it builds up in the lake, how this impacts on the
lake's ecosystem, and how pollution can be reduced and remediated. (Public submission 7)
The lake is situated within an urban environment on basically all sides and includes the catchment
of Queanbeyan and Jerrabomberra as well as farmland upstream. As a result, particularly urban
run-off, has a high nutrient loading including nitrates and phosphates. These nutrients are plant
foods, ... conducive to excessive plant growth, particularly Blue Green Algae. (Public submission
26)
The stock run on the Jerrabomberra Wetlands appear to be a source of pollution of the waters of
Lake Burley Griffin. Cattle can be seen to stand in the water and defecate, and dung accumulates
on the grasslands that drain to the lake. (Public submission 18)
Simple water saving measures adopted by households could do much to ensure better river
flows.(Public submission 5)
A legitimate question for ACT authorities is what contribution does nutrient run-off from the Dairy
Flat turf farm and Royal Canberra Golf Course contribute to the nutrient status of LBG (rather
than exclusively focusing on Queanbeyan sewage and NSW inflows). (Public submission 1)
Lake Burley Griffin is something akin to a soup in which blue-green algae can flourish. (Public
submission 5)
Evidence of water quality deteriorating in Lake Tuggeranong over recent years has been witnessed
by ... rowers with increased lake closures disrupting rowing sessions on a more regular basis.
(Public submission 4)
There are questions arising from this unethical engineering practice of digging and piling up all top
and sub soils in and around development sites … . Is it a best practice … [for] such engineered
removal of top and sub soils [to occur] from the whole suburb … ? (Public submission 25a)
The lake is central to Canberra and is a tourist attraction. It is utilised to local and interstate
sporting events as well as local recreation. It is featured on postcards and in books on Canberra,
and many people take stunning photos of it. Our lake gives a lot to locals and visitors, and so we
should make sure we look after it. (Public submission 7)
Our [watersports] industry has been seriously affected by the inconsistent quality of the Canberra
lakes over recent years, with many events cancelled due to closure of various lakes. (Public
submission 6)
Lake Tuggeranong has recorded more intense and adverse water quality issues than Lake Burley
Griffin, which seems to not be addressed or perceived at the same level as the Lake Burley Griffin
issues. (Public submission 4)
We trust that the inquiry will take the longer view into account, because we feel that further urban
growth, increased water use and climate change will undoubtedly place significant further stress
on the Molonglo and Queanbeyan catchments and Lake Burly Griffin. (Public submission 17)
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General Management Issues
More general issues relating to ACT lake and waterways management were separated out in this data
evaluation and comprised around 20% (or 26/128) of all views identified. Ranked responses here
included calls for better control and monitoring of development sites, more effective design and
maintenance of gross pollution traps, more effective catchment management, governance by a single
water management body, more integrated solutions for low water quality, and more attention given to
other lakes and ponds in the ACT.
Although information provided with one submission made it clear that regulatory controls and
protocols were in place to minimize pollution and sediment runoff from development sites, other
responses highlighted the fact that these controls did not appear to be working effectively. Suburban
runoff at times turned local ponds into something resembling a “chocolate coloured milkshake” (Public
submission 11).
Other issues of concern included governance issues. In one response this was presented as a conflict
between the impacts of an expanding and developing urban landscape, and the ACT Government’s
water management strategy objectives of maintaining inflow water quality similar to a well managed
rural landscape. It was suggested that there should be a single body managing all aspects of water
quality in Lake Burley Griffin along with removal of barriers existing within the present multijurisdictional management regime. Other water quality management suggestions included engaging
the community in water conservation and waterway care along with better use being made of the Lake
User Group. More effective weed and pest control (e.g. willow and carp control programs) were seen
as important in any strategy to clean up ACT lakes and ponds. Although one respondent perceived
urban wetlands as potentially effective in improving urban runoff water quality, the design and
efficiency of these (specifically the Lyneham Wetland Project) was questioned and the cost seen as
unrealistically high for the potential outcomes.
Submission comments reflected these views:
Yerrabi Pond ... following heavy rainfall last summer and [this] spring has turned the pond into "a
chocolate coloured thickshake, totally unsuited for all water activity". "Visits to the nearby housing
developments in Forde and Bonner revealed why this [sediment pollution] was occurring.(Public
submission 11)
Public awareness of the consequences of indiscriminate littering, washing down and dumping is
low in the ACT. The ACT Government makes no effort to improve this awareness, unlike many
Australian Local Councils, particularly those with more obvious waterways to protect. (Public
submission 2)

Riversmart is calling upon the governments, local, State and ACT and Federal, to come together
with interested non-government organisations and technical experts to form an independent Capital
Region Water and Rivers Commission. (Public submission 5)
I suggest that all property developers be advised that they are responsible for water runoff which
caused environmental damage to surrounding waterways and heavy fines should be imposed if they
fail to comply with stringent guidelines imposed by the ACT Government. (Public submission 11)
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The lake users group is a good forum for more detailed discussions about the long term plans for
the lake. We believe more and better use should be made of this forum. (Public submission 20)
The problems [with our lakes and river systems] are fixable ... . It needs some political will, some
business leaders and investors willing to step up from our community, and it needs people to
understand we all have an impact on the health of these places, our river footprint, and so we can
all help to make a difference. (Public submission 5)
Sullivans Creek GPT suggestions for lake improvement outcomes: (1) Design of the GPT should be
revised/modified to better integrate it into expanding ANU and City; (2) GPT should be maintained
in a clean and relatively dry state; (3) Implement forced aeration of the GPT ponds to increase
water quality; (4) upgrade the GPT to allow for more frequent cleaning periods; (6) Need to
eliminate anaerobic processes in the GPT in future to limit gas generation. (Public submission 2)
Mitigating measurers, such as the proposed SolarBees are also welcome. We believe that a
combination of mitigation and prevention measures are required to produce a long term solution. A
long term solution will give certainty to the many users of the lake about the lakes availability for
recreational activities. (Public submission 20)
Lake Burley Griffin is something akin to a soup in which blue-green algae can flourish. The water
is so impenetrable to light there is limited aquatic plant growth in most areas to help deal with the
problem as nature intended. [Public submission 5]

Lake closure protocols
Issues relating to ACT lake and waterway closure due to poor water quality made up just over 13
percent (i.e. 17 /121) of all views identified. It is clear from both the number and content of submitted
comments that closures due to poor water quality have substantial negative impact on the amenity and
usefulness of Canberra’s water resources. Loss of recreational amenity for individual and groups was
an important issue raised in many submissions but, strikingly, it was the amateur and professional
sporting organisations, and many commercial enterprises that were most vocal about the loss of
recreational, training and sporting-event venue access. In addition, some organizations have invested
substantially in infrastructure that is often threatened with closure due to lake water quality issues.
Several groups also commented on the impact of lake closures on lake sporting activity, highlighting
the inconsistencies and delays often evident within the current sampling, testing and closure protocols.
It was asserted that current testing protocols could actually create situations where safe venues were
closed down whilst unsafe areas were not. Further, another respondent queried the need for strict
exclusion of rowers from the lake during periods of algal blooms, and it was proposed that many
sporting organizations had the capability to take full responsibility for the management of risk
associated with lake poor water quality.
Another respondent suggested that water circulating devices, apparently currently being tested by the
NCA, could be strategically sited in other suitable areas of the lake to provide alternative venues in the
instance where original venue closure occurred due to algal blooms.
In many submissions, expressed views indicated some reluctance to the accept current scientific
justification for lake closures, particularly when applied to those secondary-user activities such as
6
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sailing, rowing, and canoeing that involved little direct contact with the water. These views were often
associated with groups and organizations that have lost many members due to a shift to land-based
sports which offer more reliable venue availability.
Again, these issues are reflected in responses:
The current protocols for lake closures need to be reviewed. From our experience, levels of
contamination change drastically from one week to another in the various area of the lake. The
current protocol requires two consecutive higher-than-limit test results to close an area of the lake
and two consecutive lower-than-limit test results to open an area of the lake. This protocol has
generated some interesting scenarios where an area above the limit would still be open (1st bad
result) and an area below the limit would be closed (1st good result) forcing the event organiser to
choose an area where the latest results show an obvious contamination. (Public submission 9)
All water based sports struggled to survive recent lake closures. ... Rowing ACT suggests that lake
closure protocols should be changed so that individual sporting clubs are responsible for managing
risk associated with poor water quality. (Public submission 8a).
The Australian Institute of Sport has recently invested significantly into building the capacity of its
rowing centre adjacent to Lake Burley Griffin. This has included a partnership with Rowing
Australia to develop the AIS facility into the National Rowing Centre of Excellence. It is now one of
the most comprehensive rowing training environments in the world. However, changes in ACT
Health policy in December 2009 enabled the centre's operations to continue as normal even during
periods of high blue-green algae concentrations. The AIS hopes this investigation will result in
management practices that ensue more consistent maintenance of Lake Burley Griffin's water
quality for all lake users, and ensure a minimum impact on the NRCE operations during periods of
decreased water quality. (Public submission 19)
What is hard to accept is that poor water quality management has the same affect on the sport as
adverse weather events and affects our sport more regularly and more often than bad weather does.
(Public submission 9)
From our [rowing] sport’s perspective we would like to be responsible for risk management
associated with lake quality, including it along with other risk that we currently manage including
cold water, poor visibility, dehydration, sunburn and lake traffic accidents. (Public submission 8a)
A more affordable option would be to place the machines in specific areas of the lake. This
approach would give an event organiser a contingency site to fall back to if the lake was closed at
the primary event site. I strongly recommend that the investigation look closely at the viability of ...
[this] option. (Public submission 9)

A consequence of past lake closures is that people have transferred from water sports to more
“reliable” sports like cycling where the training venues are not randomly closed down. (Public
submission 8)
With regard to the lake closures and their economic impact, ... the most difficult to quantify is the
loss of the lake’s reputation as a reliable training and sporting venue. (Public submission 8a)
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Of further concern in Lake Tuggeranong is the delay in testing procedures. At times when algal
growth is evident, rowing continues until the ACT Government carries out testing and declares the
lake closed. (Public submission 4)
Our sport has consistently asked for a scientific justification for lake closures particularly when the
health risks from blue‐green algae appear virtually non‐existent for secondary users like rowers,
sailors, dragon boaters, kayakers, canoeists, and paddle boat users. (Public submission 8)
Finally I would like to question the presentation of information in the ACT’s current Guidelines for
Recreational Water Quality (29/6/2010) which indicates that blue green algae can be ingested as
aerosol via nasal and pharyngeal mucous membranes, and implies that this is a common pathway
for infection for secondary contact sports like rowers, kayakers, sailors, dragon boaters. What
refereed scientific literature supports this assertion? (Public submission 1)

The difficulty our clubs and members have with lake closures in the ACT in the last 20 years is that
ACT Health makes a risk assessment that is overly prescriptive and unrealistically cautious. (Public
submission 8)

Whilst only partly related to the above, a waterskiing organization felt they were unjustifiably excluded
from using parts of Lake Burley Griffin for training and events. This is despite (in their view) a
successful trial having been completed where waterskiing was allowed in one section of Lake Burley
Griffin.

Jurisdictional Issues
Many respondents seemed very aware of the complexity of water and water quality management in the
ACT. This extended to understanding of potential sources of upstream water pollution such as the
Captains Flat mine tailings outflow into the Queanbeyan and Molonglo Rivers, runoff from rural and
urban catchments, treated and partially-treated sewage outflow from Queanbeyan, the pollution that can
come from urban areas, and low quality runoff from development sites around Canberra. Although the
NCA is responsible for Lake Burley Griffin water quality, one submission made the point that the NCA
has “no say in what happens on the majority of the shoreline nor what flows into the lake via the
Molonglo River¸ Jerrabomberra and Sullivans creeks and the major stormwater and creek lines
draining Canberra” (Public submission 5). Overall responsibilities for all components of the
Molonglo River and associated water systems were seen to be so fragmented as to limit the
effectiveness of NCA actions.
For all this, feedback also acknowledged improved communication between catchment stakeholders in
recent years. However, it was suggested that much more could achieved in managing the catchment
better to ensure the long term sustainability and health of this waterway system. The Queanbeyan
Council was seen as a key stakeholder in future programs, as sewage spills are of particular concern, as
is the normal nutrient-rich outflow from this sewage treatment centre. The Googong Dam¸ being the
largest water storage above Lake Burley Griffin, was also perceived to be a key resource in maintaining
water quality in the catchment.
Given the multi-jurisdictional management aspect of this extended catchment, ACT - NSW interagency
cooperation was seen as critical to improving water quality in Lake Burley Griffin. It was suggested,
however, that the ACT Government could still do much within its own jurisdiction to achieve this aim.
There was some coherent support within responses supporting the need for vesting sole management
8
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responsibility of Lake Burley Griffin in a single organisation. Existing catchment management was
seen as highly fragmented and either the ACT Government or an independent Commission with crossjurisdictional powers and representation should take over the management role.
Submissions reflected these views:
The NCA has been given an impossible task - responsibility for some of the lands surrounding the
lake and all of its water - but no say in what happens on the majority of the shoreline nor what
flows into the lake via the Molonglo River, Jerrabomberra and Sullivans creeks, and the major
stormwater and creek lines draining Canberra. For the NCA, this is a classic 'poison chalice'
situation. [Public submission No.5]
So how can the problems of our river and lakes be fixed? From an administrative perspective it
suffers from fragmentation of effort. Too many jurisdictions doing their own thing and rarely in a
collaborative way. The list of organisations with a finger in this [waterway] pie is mind boggling.
(Public submission 5)
In contrast to this [multi-jurisdictional] governance gridlock paradigm, I suggest that the ACT
Government can contribute significantly to improving lake quality, and its management ...[through]
local management solutions ... . (Public submission 1)
The majority of the catchments and inflow to Lake Burly Griffin (LBG) are from the Queanbeyan
and Molonglo Rivers and are spread across Queanbeyan, Palerang and Cooma Monaro Shire areas
and are subject to the relevant NSW Legislation. (Public submission 17)

Lake vision / design / purpose
Submissions showed evidence of varying perceptions of the ACT waterways functions and purposes.
These views (6.3% or 6/128) ranged from understanding of waterways, ponds and lakes as pollutant
and sediment traps, to perceptions of Canberra’s water bodies as recreational features designed to
provide amenity and suitable landscape settings for the city as the Nation’s Capital. Only a few
submissions showed evidence of a broader view of Canberra’s water features, with one group
paraphrasing the late Prof. Peter Cullen in nominating Lake Burley Griffin as “the largest gross
pollutant trap in the southern hemisphere” (Public submission 15).
One submission eloquently wrote about the lake as the centerpiece of Canberra as the Nation’s Capital,
providing for a range of uses and users and having considerable aesthetic and environmental values for
residents and the ACT in general. In other submissions, presented information supported the view that
Canberra’s lakes were designed as key venues for water sports and recreation. This view seemed to be
shared by the majority of respondents who saw the lake in terms of providing recreational amenity, and
venues for amateur and professional sporting activities and commercial enterprises. Fishing group
respondents were keen to see the lake rehabilitated to support native fish, including removal of pest
species such as carp.
Canberra waterskiing groups presented a sustained case for more access to ACT waterways as well as
fewer constraints on current access during periods of low water quality, particularly during competition
events. This group very clearly felt they should be allowed broader access to main lake areas and
9
Page 211

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix E - Submissions Analysis

R.J.Reilly

Lake Burley Griffin Investigation
Public Submissions data analysis

20 Nov. 2011

expressed concerns they were being denied this through (negative) perceptions and opinions rather than
facts.
Another respondent expressed concern about developers interest in the Jerrabomberra Wetlands as a
potential development site, this presently being a key nature conservation resource in the ACT. The
expressed view was that the wetland was being not maintained as it should be through lack of vision for
what it could be as a site of high environmental value and a “gateway to the national capital” (Public
submission 5).
These issues were reflected in respondent statements as:
In Canberra 1954-1980, Sparkes (1988), it is clear that the NCDC perceived (and designed) the
lake as a key venue for water sports in the ACT. (Public submission 8a)
The Group notes that Lake Burley Griffin is, paraphrasing the late Professor Peter Cullen, the
largest gross pollutant trap in the southern hemisphere. It is a large lake collecting stormwater
from a large part of Canberra and all of Queanbeyan, as well as treated effluent from the
Queanbeyan sewage treatment plant. If that is its primary role – to prevent pollution reaching the
Murrumbidgee River – it is functioning correctly: we should expect to see what is happening as the
pollution is trapped. If, as a community we want to use it for recreation, then we should expect
additional recreational use to cost the community an additional amount to ensure it is safe and
functional for that higher level of use. (Public submission 15)
Lake Burley Griffin (the Lake) is the centrepiece of Canberra, providing recreational opportunities
for a range of users, as well as aesthetic and environmental values for residents and the ACT in
general. These opportunities and values are being compromised by poor water quality and lack of
coordination and funding for lake management and improvements. (Public submission 10)
The impression the reader gets from the [Jerrabomberra Wetlands] documentation put forward to
justify the current development proposal is that this is an area of limited environmental values, and
so why be concerned if it is further impacted upon by this proposal. [This] is death by a thousand
cuts with gradual encroachment from various directions, management under resourcing, lack of
control of weed and feral pests, and run down to the point where it is proposed that 'community
interests would be better served if it were 'reclaimed' for built infrastructure. (Public submission 5)
For the past 30 years the Association has lobbied unsuccessfully for access to other waterways in
the ACT. Despite funding and presenting environmental studies it has been perceptions and
opinions that have won out over facts and have limited our opportunities. Identified sites have
included Lake Ginninderra north arm, Lake Burley Griffin West Lake and Lake Burley Griffin West
Basin. (Public submission 14)

Public Consultation / Communication
Whilst not appearing as a major issue in these submissions, communication and consultation with local
community did seem to be valued by many respondents, particularly when it was related to some local
issue.
One respondent wrote at length about the Lyneham Wetland project. Six separate points (4.7%) are
identified in this submissions evaluation. There are indications this person was reasonably informed
and experienced in this area of concern and was a key person in the community group actively
engaging with this project. As recounted by the respondent, the community group queried many
10
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aspects of the project design although they generally welcomed the idea of a wetland in the Lyneham
area. In a project purportedly designed to protect and provide habitat, it was perceived that the
proposed wetland would provide little habitat for less common species and, furthermore, involved the
destruction of a stand of over 100 trees. It seemed these and other issues were never resolved to the
satisfaction of the community group.
Furthermore, wetland objectives were stated to be unclear, and it was asserted that no hydrological or
water quality measurements were made in the catchment prior to finalization of the wetland design.
The ACT Government and technical advisory groups associated with the project either did not
effectively respond, or failed to respond to issues raised by the local group.
In the Lyneham Wetlands consultation, the Department refused to give the community group any
assurances on monitoring or remedial treatment if algae or biomass problems arise. (Public
submission 3)
The community group requested that the project be designed to encourage some of the less common
bird species but these were ignored. (Public submission 3)
The Department refused to release an economic analysis presumably because it does not exist or
would not stand professional scrutiny. (Public submission 3)

Lake Burley Griffin Investigation
Several submissions contained comments, suggestions and feedback relating to the current Lake Burley
Griffin Investigation. One comment argued that the investigation terms of reference were too narrow
and should be expanded to include jurisdictional coordination of all management aspects, not just water
quality. Another respondent expressed surprise that the Murrumbidgee River was not included in the
TOR as it is part of the ACT waterway system and is a major recreational resource.
Two separate submissions (Public submissions 8 and 15) gave information about previous reports and
studies associated with Lake Burley Griffin and ACT waterways, suggesting these may be useful in the
investigation. Quotations relating to the above issues include:
It is somewhat surprising that the fourth term of reference did not include the Murrumbidgee River
into which LBG flows and which is undoubtedly a major recreational waterway. (Public submission
17)
The inquiry may be premature because of the potential impact of the forthcoming the
announcements/ consultations/ decisions of the Murray Darling Basin Commission and the relevant
State and Federal Governments. (Public submission 17)
The Group has several sources of information that … [OCSE] … may find useful in the
investigation … . (1) the Molonglo Catchment Strategy
[www.molonglocatchment.org.au/catchment_planning.htm ]; (2) Molonglo Waterwatch collected
water quality data for the Molonglo River and Lake Burley Griffin. (Public submission 15)
You will be aware of the various studies commissioned by the NCA in 2010 from the University of

11
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Central Queensland Centre for Environmental Management that addressed this issue. These studies
provide an excellent introduction and background to the problem. (Public submission 8)

Resource Implications
One group respondent commented on the lack of transparency about the application of the Water
Abstraction Charge revenue, and called for the Commissioner to advise the Minister on this potential
source of funds for ACT waterway rehabilitation.
Another group representing recreational fishing in the ACT submitted a two page coherent argument
for restoration and enhancement of the lake for native fish species habitat. This included improvement
in water quality; control of invasive fish species such as European carp, Redfin Perch and Gambusia;
and re-stocking with angling species (e.g. Golden Perch, Murray Cod, and Trout). The
recommendation from this group was for the ACT Government to provide immediate funding for this
work, stated in terms of:
... the Group notes the lack of transparency of the application of the revenue collected from the
Water Abstraction Charge and strongly encourages the Office of the Commissioner for
Sustainability and the Environment to provide advice to the Minister about this. (Public submission
15)
Recommendation to provide funding to conduct habitat enhancement trials in a smaller urban pond
to inform a larger scale habitat program in all ACT ponds. (Public submission 10)
[Recommend] reinstatement of annual funding for stocking of native fish species in Lake Burley
Griffin, … (Public submission 10)
[Recommend] providing funding to identify Carp breeding areas in the Lake and to conduct Carp
reduction trials in a smaller urban pond with the ultimate goal of control measures being
implemented in all ACT waterways. (Public submission 10)

Lake Ecology
Lake Burley Griffin was perceived by one group as a recreational resource with reducing amenity due
to poor management of lake ecology and fish stocks. Habitat improvement and restocking with native
fish was a key priority for this group representing recreational fishers in the ACT:
A key ingredient to restoring native fish populations is the reinstatement of regular stocking of
juvenile fish. This is required to overcome the inability of native fish to spawn successfully in the
artificial environment of the Lake. ... The next ingredient is the reintroduction of suitable native fish
habitat to the Lake. ... A further action to address the dominance of invasive species is through
direct control measures, ... identifying [invasive species] breeding hotspots; physical removal (e.g.
netting, trapping or fish-out events).

Report end.
Richard Reilly
20th November 2011
12
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1. Welcome and introduction
Participants were welcomed to the Users’ Consultation Forum.
was National Water Week.

It was noted that it

The Commissioner, Bob Neil, welcomed participants and acknowledged the Traditional
Owners, the Ngunnawal people.
Participants were informed that the purpose of the forum was to:
•

find out more about the investigation into Lake Burley Griffin and the work
completed to date

•

reflect on the use of the Lake and shared their views

•

identify possible ways to reduce the impact of Lake closures on users

•

find out how their views will be taken into consideration.

People from across Canberra who use the Lake commercially or recreationally were
invited to attend the forum. A copy of the invitation is at Attachment A.
Eighteen users attended. A list of participants is at Attachment B.
Participants outlined their reasons for participating in the forum and their passion for
the Lake. A summary of the key points were that the lake:
•

belongs to us and the nation and is a national asset which is the centerpiece of
green infrastructure in Canberra

•

is a premier sporting, training and competition venue

•

is a sole or significant source of income

•

is a special experience that provides enjoyment.

2. Setting the scene
To set the scene two presentations were provided:
•

background on investigation and work completed to date – Commissioner
Bob Neil

•

management of the Lake: roles and
Chief Executive, National Capital Authority.

responsibilities

–

Gary

Rake,

Bob Neil addressed the group briefly. Key points from his talk were:
•

the investigation started in May 2011

•

terms of reference were confirmed

•

a reference group was established
o members include experts and some users
o developed an approach to investigation
o commissioned four papers which will be written and peer reviewed
o next meeting is at the end of November

•

reference group supported by an Advisory Group which has expertise in health,
recreation, environment protection regulation and water policy, management
and research.

•

invited public submissions and 26 have been received
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Setting the scene (cont)
•

four papers commissioned are
o Lake Burley Griffin water quality: current, historical and comparative to
inform the Investigation in to the state of water courses and catchments
for Lake Burley Griffin – Mr Ian Lawrence
o Lake Burley Griffin water quality: health standards and protocols for
lake closure to inform the Investigation into the state of water courses
and catchments for Lake Burley Griffin – Emeritus Professor Ian
Falconer
o Burley Griffin governance issues relating to water quality and integrated
catchment management. Including current and historical arrangements,
challenges and opportunities – Professor Murray Raff
o Economic impact of Lake Burley Griffin water quality issues (including
lake closures) – Mr Ian Lawrence

•

the Commissioner will provide a final report to Minister in March 2012.

Gary Rake addressed the group briefly. Key points from his talk were:
•

the lake is an important part of the design of Canberra

•

water quality of the Lake varies

•

impacts of water quality now more significant

•

NCA works in cooperation with directorates within the ACT Government
including Health and EPA

•

we ultimately take responsibility for lake closures

•

we receive regular information on quality of the lakes
o have a risk framework for secondary users

•

tough for us because we are at the bottom of the pipe

•

circulators are being trialed and they may be part of the solution

•

OCSE investigation is broad
o no single party is responsible for water
o look hard at contributing factors.

3. Sharing what we already know
This was an opportunity for participants to share what they already knew about Lake
usage before exploring and making suggestions to the Commissioner.
Participants worked in mixed groups (with representations from commercial and
different recreational users) and used the following questions as a guide:
•

What are the FACTS about lake usage? (things like how we use lake, how
often, impacts of closures, how other jurisdictions manage usage etc)

•

What feelings exist when we are able to use the lake as we wish?

•

What feelings exist when the lake is closed?

•

Putting yourselves in the shoes of other users and other stakeholders, what are
their needs, interests and expectations?

Notes were taken during the discussions and these can be found at Attachment C.
Participants read the notes taken by other groups and noted that there was significant
consistency between them.
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4. Information for the Commissioner
Participants explored ideas for reducing the impact of lake closures on users. They
worked in the same mixed groups and once again answered questions to guide their
exploration. The questions were:
•

What helps us when lake closures occur?

•

What hinders us when lake closures occur?

•

What ideas do we have for reducing the impacts? (List as many as you like and
don’t be concerned about the merit of the idea. They can also be things that
anyone can do, not just government. No need to get agreement.)

•

Which ideas would have a greater chance of succeeding and why?

•

What else do you want to say?

Notes were taken during the discussions and these can be found at Attachment D.
Participants then discussed the common themes and identified the ideas that they
thought would have the greatest success and why. The key points follow.
•

•

That the users are responsible for their own safety on the Lake:
o commercial users have insurance
o signs similar to the bush fire danger signs that spell out personal risks
o provision of trend information on blue green algae levels.

Stronger communication:
o indicating when the Lake is open again for use after a period of closure
o providing certainty about period of time it is closed and why.

•

Non-closures for secondary contact.

•

Toxicity testing so that decision makers and users know how toxic blue green
algae actually is.

•

Address governance issues so that responsibility for Lake closures lies more
with ACT Government and not with NCA.

Participants were also encouraged to note down any other information they would like
to provide to the Commissioner. This can be found at Attachment E.

5. Next steps
Participants reviewed the purpose of the forum and confirmed the key information for
the Commissioner.
The Commissioner confirmed that a brief summary of this forum would be provided to
him by the facilitator, Lesley Richards, and that the contributions from users would
feed into his final report which will be completed in March 2012.
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Attachment A - Invitation to Forum and Agenda

LAKE BURLEY GRIFFIN INVESTIGATION
INVITATION to FORUM

Wednesday 19 October 2011
5.30 ‐ 8.30pm
Manuka Oval ‐ Bradman Room, Manuka Circle, Griffith.
On behalf of the Commissioner for the Environment, you or a representative of your organisation are
invited to attend a Forum to be held on Wednesday 19 October at the Manuka Oval ‐ Bradman Room,
Manuka Circle, Griffith.
The purpose of this Forum is to:
• find out more about the investigation
• share information about lake usage
• discuss the impacts of lake closures
• discuss ideas for reducing the impacts of lake closures.
Background to this Forum
The Commissioner is conducting an Investigation into the state of the water courses and catchments for
Lake Burley Griffin including:
(i)
(ii)
(iii)
(iv)

possible improvements for managing water quality and the appropriateness of the current protocols
for lake closures
identifying the causes of lower water quality, including possible resource implications of addressing
them
jurisdictional implications for water quality management of the lake
the implication of these findings for the ACT’s other major recreational waterways, such as Lake
Ginninderra and Lake Tuggeranong.

The organisers will prepare a short report on the outcomes of this Forum, which will inform the
Investigation.
Please RSVP to Mrs Narelle Sargent via email: narelle.sargent@act.gov.au or phone 6207 7127 by
Wednesday 12 October.
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Agenda
1. Welcome and introduction
2. Setting the Scene

• Background on investigation and work completed to date – Bob Neil, Commissioner for the
Environment
• Management of the Lake: roles and responsibilities – Gary Rake, Chief Executive, National Capital
Authority

3. Sharing what we already know

• How you use the Lake and frequency of use
• How the Lake closures impact on you

4. Information for the Commissioner

• When the Lake closes ‐ what helps us manage the impacts and what hinders us?
• Ideas for reducing the impacts on Lake users
• Which ideas have a greater chance of succeeding and why?

5. Next steps

• What have we done this evening?
• What are the key messages?
• Next steps and final words
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Attachment B - Participants

Name

Organisation

Commercial Users
Cony Seers

Paddle boat hire

Jim Seers

Paddle boat hire

Jim Paterson

LBG Cruises

Scott Hunter

Wetspot watersports and LBG Canoe club

Brian Mariett

Canberra Southern Cross Club

Community Groups
Ken Murtagh

Turner residents Association

Barbara Payne

Friends of Grasslands

Jenny Tyrrell

LBG Sea Scouts

John Feint

ACT Commissioner for Environment, Activities, ACT Scouts

Pip Muller

ACT Scouts, Lake users group representative

Brian Wells

Traditional Boat Squadron of Australia

Caroline Fitzwarryne

Vice President, Yarralumla Residents Association

David Bagnall

Rowing ACT

Stave Hough

Triathlon ACT

Leigh Baguley

ACT Waterski Association

Michelle Roffey

Canberra Dragon Boat Association

Bruce Grey

Scouts

James Hammond

Rowing ACT

Others
Mr Gary Rake

NCA Chief Executive

Dr Kent Williams

Author of submission

Bob Neil

Commissioner for Environment

Joanna Temme

Project Officer
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•
•

Hiring boats – everyday (8 months) - financial problem
Elite rowing program
o cost to transport
o threat to move
VIC – don’t care about secondary contact
Only jurisdiction closed compliantly
Advisory only in other junctions
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•
•

Lake open
Pay fee to me business

No logic – not toxic for secondary contact

60% of commercial business

Network of decision making – gridlock

Tourists

Government

Overly cautious – medical experts
conservative

Sightseeing and healthy lake

Reliable training and competition venue

Any other things to share

Viability of sport

Rowers/sailors

No comments recorded

Reliable business

•

Risk aversion

De-values asset – liability
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Lake open unless seriously dangerous

Put yourself in the shoes of other users and other stakeholders
Interests
Expectations

Income

Needs

Happy
Relief
Put kids in bigger boats so manage through clubs
Public liability insurance by clubs

Commercial

Who

•

•
•
•

•
•
•

What feelings exist?
When the lake is closed?

Athletic – all year, weekly
Kayak – most of the year
Sailing – all year, some boats – loss of money/championships
Swimming - Everyday/half year
Canoeing – Everday
Rowing – everyday
o income lost room Regatta each time people don’t renew
membership. Clubs struggle

When we are able to use the lake as we wish?

•
•
•
•
•
•

What are the FACTS about lake usage? (things like how we use lake, how often, impacts of closures, how other jurisdictions manage usage etc)

Group One

Participants took these notes about what they already knew about Lake usage. They reflect exactly what was written and have not been modified.

Attachment C – Sharing What We Already Know (notes)
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•
•
•

Any other things to share
Can we create functioning wetlands between the runoff and the lake?
Can we get true local research into the actual incidents of sickness/injury and compare to the percentage of users?
Economic impact just from the half ironman is $2 million per year for one event!
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Tri athletes, windsurfers, rowers

World champions

Where will they go?

Put yourself in the shoes of other users and other stakeholders
Needs
Interests
Expectations
Events
All sports
Being able to go ahead with a
planned event

Who
Tourists

What feelings exist?
When the lake is closed?
• Anger
• Disappointment
• Frustration
• Loss of money
• Loss of future participants
• People leaving town
• Loss of members

are the FACTS about lake usage? (things like how we use lake, how often, impacts of closures, how other jurisdictions manage
etc)
Scouts – 5 times a week September to April
Skiers – association (events 12 days limited), recreationally (booking system through summer daily, 10 boats per 4 hours)
Triathlon ACT – 35 events/programs, training daily
BGCC – daily for training, monthly for beginners courses
Canberra Windsurfers – daily when wind is up
Wet spot store – 2 to 4 days a week for demonstrations/lessons
Grass Lands – heritage values/landscape asset

When we are able to use the lake as we wish?
• It is:
o fun
o relaxing
o exciting
o passion.

What
usage
•
•
•
•
•
•
•

Group Two
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No comments recorded

Who
No comments recorded

Any other things to share
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Put yourself in the shoes of other users and other stakeholders
Needs
Interests
Expectations
No comments recorded
No comments recorded
No comments recorded

What feelings exist?
When the lake is closed?
• Frustration
• Despair
• Anger
• Loss of income
o sports
o commercial
• Suspicion of validly of test
• Lack of control in inflows
• Bureaucracy being over cautious
• Need to pin point zones of algae
• Need for responsibility of self

are the FACTS about lake usage? (things like how we use lake, how often, impacts of closures, how other jurisdictions manage
etc)
in 1970 1 in 5 people were lake users (survey)
Continuous usage for recreational purposes [all] year round
600 rowers serious/400 other rowers – 2-3 per week
Commercial passenger use 3 trips x 20 people at best (2000 per year approximately)
Triathlon events severely limited due to confidence gap
Some events rescheduled to unsuitable weather times/water temperature – reduces participation
o similar for rowing/scouting groups

When we are able to use the lake as we wish?
• Enjoyment for a limited time
• Feeling of a successful event with income

What
usage
•
•
•
•
•
•

Group Three
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•

•
•
•
•

Clean water
Lake open
Notifications
Capacity and sponsors for
home for sports
National events spectators

•
•
Training
Recreation

•
•

•
•
•
•

•
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Mitigation and risk management of BGA contact. What is the risk?
Health notifications impact opening
Educate people not to put rubbish in the lake/drains
QBH tell us outcome
Good publicity
How clean can we get it? What about other water ways like
Parramatta vs themes
Need SMS/telephone from Gary
Allows spectators toilets

Put yourself in the shoes of other users and other stakeholders
Needs
Interests
Expectations
Money and tourism
Lake closed but we are still open
•
Access
•
Information open and closed
•
Classification

What feelings exist?
When the lake is closed?
•
Tells us when the lake is closed but not when it is open
•
Visitors get half way here then can’t launch
•
Can’t do training
•
No Regattas ACT Development and go to off water training
•
Loss of ability to train Australian Team

Any other things to share
No fishing – catch 22. Can’t fish, can’t get the carp out, carp make the water worse.

Recreation

Who
Commercial users

When we are able to use the lake as we wish?
•
Not when it is closed. Small business
•
Commercial – yes no impact
•
Water still hasn’t settled – carp problem

What are the FACTS about lake usage? (things like how we use lake, how often, impacts of closures, how other jurisdictions manage usage etc)
•
Swim?
•
Red tape versus safety
•
Two to three days a month
•
Splash
•
Small boats
•
Half a year four times a week
•
Seven days a week Gary’s good. He is
•
Cruise
•
Towels on signs
listening
•
Old boat Dragon boats
•
Insurance requirements, risk assessments
•
Rubbish down [the] drains
•
We try to stay out of the water (we
•
Impacts
•
Queanbeyan outfall
encourage to get in the water!)
•
does it really make you sick?
•
Impacts = loss of money for business
•
Flooding
•
Shallow
(small), recreational
•
Discharge/blue green algae okay
•
All hours
•
Is it a lake or a settlement pond?
communication
•
Sailing (re capsize)

Group Four
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What hinders us when lake closures occur?
• Business, survival of sport business
• Loss of income. Loss of members
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What else do you want to say?
• No comments recorded

Which ideas would have a greater chance of succeeding and why?
• Non closures for secondary contact
• A serious risk assessment of dangers of blue green, rather than speculations
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What ideas do we have for reducing the impacts?
• That we take responsibility for going on the lake. We have insurance. Those responsible for lake closures lose pay. How toxic is it
really?
• More flow through lake, better filtering/management nutrients
• Non closures for secondary contact

What helps us when lake closures occur?
• Timely advice
• Alternate view. No closures but information. Nothing much
helps
• Information and explanation

Group One

Participants took these notes about the issues and their ideas for minimizing the impact of Lake closures. They reflect exactly what was
written and have not been modified.

Attachment D – Information for the Commissioner (notes)
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What else do you want to say?
• Don’t close the lake
• Let’s stop having investigations and actually do something!

Page 13 of 16

Users’ Consultation Forum
Summary Record 19 October 2011

What hinders us when lake closures occur?
• Tests weekly are too slow to re open the lake

Which ideas would have a greater chance of succeeding and why?
• Put the risk in the hands of the user – give warnings
• Warning signs like bush fire signs

What ideas do we have for reducing the impacts?
• We need to hit the problem before it happens
o wetlands built
o Queanbeyan sewage works fixed
o storm water runoff controlled
o fines for dodgy polluters
• More detail in the testing program
• Showers located at all launch areas

What helps us when lake closures occur?
• Opening the lake

Group Two
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ideas do we have for reducing the impacts?
More warnings on closures
Intense monitoring
Only close sections of the lake (not the lot)
Minimise geographic areas closed
Transfer responsibility to users
Not fully assessing the causes

What
•
•
•
•
•
•

What
•
•
•
•
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What
•
•
•
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hinders us when lake closures occur?
Excessive bureaucracy in administration
Concern with organisation against NCA advice
Loss of venue reputation for sport
Balance media reporting

else do you want to say?
Fence off the worst areas!
Engineering solutions to water quality by pre treating large inflows in constructed wet lands
Consider clay based chemical treatment to settle out nutrients during prolonged blooms

Which ideas would have a greater chance of succeeding and why?
• Repeat above

helps us when lake closures occur?
Communication
Better prediction strategy for opening and closing
Probably does not help commercial users
Early re opening
Toxin monitoring is critically important (probably reduce
closures)

What
•
•
•
•
•

Group Three
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What else do you want to say?
•
Find a use for blue green algae and sell it as fertiliser
•
Education
o signs/pictures
o communicate
o relationship ACT and NCA, Health and ENU
o less risk aversion
o ducks on drains

Which ideas would have a greater chance of succeeding and why?
•
SMS and telephone calls
•
Queanbeyan not to put sewage in!
•
increase radio/web and TV that lake open (re open)
•
clean up lake days
•
more carp out days
•
early notification so that we can change plans
•
filter water with filtration ponds

What ideas do we have for reducing the impacts?
•
Paint signs on drains that go into lakes (duck, platypus?)
•
SMS and telephone calls
•
Queanbeyan not to put sewage in!
•
Increase radio/web and TV that lake open (re open)
•
Clean up lake days
•
More carp out days
•
Early notification so that we can change plans

What helps us when lake closures occur?
•
Tell the public when it is open LOUDLY everywhere
•
Where else can we go?
•
Early notification so we can arrange to move equipment
•
Can testing be quicker/more frequent?
•
Signs
•
SMS/telephone calls
•
Emails/website
•
Not understanding risk – what is the impact and will it damage
health?

Group Four

Office of the Commissioner for
Sustainability and the Environment

•
•
•
•
•
•
•

•

•
•
•
•

o
o
o
o
o
o
o

residents
less neutrals in water
tell us early
ourselves – what is the cost when it closes
worksheets in schools
BGA impact on health
mitigation of risks (who owns the risk?)
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tell residents not to put leaves in the gutter.
What is the cost (lost of reputation)
Education up stream
Update Queanbeyan sewage works!
More runoff so we can save the water so less goes into the lake
Houses need water tanks
Less gardens – more runoff

Filter water with filtration ponds*
Tell residents not to put leaves in the gutter*
Use plain language and signs (pictures)
Put floating pontoons with tomato plants on take out net lower blue
green algae
Filter the rubbish out through drains

What hinders us when lake closures occur?
•
Not telling the public when it is open again
•
Telling the public what is primary/secondary gen – the public doesn’t
know that it means
•
Loss of money
•
Loss of insurance coverage

Users’ Consultation Forum
Summary Record 19 October 2011
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Office of the Commissioner for
Sustainability and the Environment

Users’ Consultation Forum
Summary Record 19 October 2011

Attachment E – What else?
These additional comments to the Commissioner were provided by individuals. They
reflect exactly what was written and have not been modified.
•
•
•
•
•
•
•

•
•
•

Treat causes – inflows
o eg Sullivans ok gross lack of sediment management in the pollutant
traps
Unify lake management and inflows management
ACT Government is required to maintain inflows to the same level as if existed
as rural landscape. Refer to Institute of Engineer Australia Infrastructure
Report Card 2010
More rubbish collection and deposit on bottles etc
LBG has heavy metal pollution from the Captain’s Flat mines. Sediment
overlays the heavy metals and keeps it in place. Process that disturb the
overlying sediment may expose the heavy metals and risks modulising them
Any process that disturb the sediments should be minimised as far as possible
Take action to improve the quality of the water entering the lake. Examples of
what might be done include:
o construct more wetlands on water ways that feed into the lake
o restrict rain gardens in streets, car parks to improve water
quality/storm water. Melbourne Water is a good source of information or
examples (way better than imposing fines)
o replace dangerous, open, concrete storm drains with vegetated streams
(see clear Paddock Creek restoration project in Sydney/Fairfield).
Improves animosity and restores natural heritage values
More wetlands!
More work on preventing ‘rubbish’ entering the lake
Include NSW in discussions/solutions
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Appendix G
G -–Legal
Appendix
Legal and
and policy
policy framework
framework
This Appendix was prepared by the Office of the Commissioner for Sustainability and the
Environment to provide background information to aid the Investigation‟s consideration of
part (iii) of its Terms of Reference, “jurisdictional implications for water quality management of
the Lake”. The relevant legal and policy frameworks of the Commonwealth, NSW and the
ACT are examined in five broad categories:
•
•
•
•
•

1.

overall management;
water management;
environmental Management ;
human Health; and
heritage.

Overall management

The National Capital Authority, an Australian Government agency, has the legal
responsibility of overall management of Lake Burley Griffin, although the legislated
responsibilities of the ACT and NSW State and local governments also influence many
activities in the catchments of the Lake and thus also impact on Lake management.

1.1.

Australian Capital Territory Planning and Land Management Act
1988

The Commonwealth Australian Capital Territory (Planning and Land Management) Act 1988
(„the Act‟) defines two types of land (which as defined under the Act, includes water) in the
ACT; „National Land‟ and „Territory Land‟. Under the Act „management‟ is defined as care,
control and maintenance. Subsection 27 of the Act designates certain land as National Land, to
be managed by the Commonwealth. All non-National Land in the ACT is categorized as
Territory Land with management responsibility resting with the ACT Government.
The Act also establishes the National Capital Authority (NCA). Functions of the NCA under
the Act are1:
(a) to prepare and administer a National Capital Plan;
(b) to keep the Plan under constant review and to propose amendments to it when
necessary;
(c) on behalf of the Commonwealth, to commission works to be carried out in
Designated Areas in accordance with the Plan where neither a Department of State
of the Commonwealth nor any Commonwealth authority has the responsibility to
commission those works;
(d) to recommend to the Minister the carrying out of works that it considers desirable
to maintain or enhance the character of the National Capital;

1

Commonwealth Australian Capital Territory (Planning and Land Management) Act 1988, II (6)
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(e) to foster an awareness of Canberra as the National Capital;
(f) with the approval of the Minister, to perform planning services for any person or
body, whether within Australia or overseas; and
(g) with the Minister‟s approval, on behalf of the Commonwealth, to manage National
Land designated in writing by the Minister as land required for the special
purposes of Canberra as the National Capital.
Lake Burley Griffin was designated as National Land because of its central role in the
Landscape of the National Capital, with its management the responsibility of the NCA.
However, certain aspects of that management are based on advice from or shared with other
government agencies and institutions. For example, the ACT Health Protection Service
provides advice on the Lake‟s water quality from a public health perspective.
The Act also requires that a Territory Plan is established by the ACT Legislative Assembly
“to ensure, in a manner not inconsistent with the National Capital Plan, the planning and
development of the Territory to provide the people of the Territory with an attractive, safe and efficient
environment in which to live and work and have their recreation.”2

1.2.

Commonwealth Lakes Ordinance 1976

The Lakes Ordinance 1976 is a Commonwealth instrument administered by the NCA that
regulates most aspects of the administration, control, and use of Lake Burley Griffin. The
Lakes Ordinance 1976 applies to National Land by virtue of the National Land Ordinance 1989
(see below). Similarly, the ACT Lakes Act 1976 provides the ACT with equivalent capacity to
regulate other lakes in the ACT.
Authority for the control of Lake Burley Griffin rests with the Australian Government
Minister for Regional Australia, Regional Development and Local Government and the Arts,
who has powers under the Ordinance including:
• to direct changes in the water level and flow of the Lake for maintenance and
preservation purposes;
• to specify restrictions on boat use and recreation activities in or on the Lake; and
• to prohibit the use of the Lake or close parts of the Lakes in certain instances which
include (but are not limited to):
 where the Lake‟s water quality poses high health risks to lake users;
 where maintenance and preservation operations need to be performed; and
 for special events.

1.3.

Commonwealth National Land Ordinance 1989

The Commonwealth National Land Ordinance 1989 gives the National Capital Authority
(NCA) the responsibility to manage National Land with values significant to the promotion
of the National Capital, on behalf of the Commonwealth with the approval of the
2

Commonwealth Australian Capital Territory (Planning and Land Management) Act 1988, Section 25 (2).
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responsible Minister. Under this Ordinance all remaining National Land is managed by the
Commonwealth Minister of Finance and Administration.
This Ordinance also states that the Commonwealth Lakes Ordinance 1976 is applicable to
Lake Burley Griffin.

1.4.

National Capital Plan

The Commonwealth Australian Capital Territory Planning and Land Management Act 1988
requires the NCA to produce a National Capital Plan that will ensure that Canberra and the
ACT are planned and developed in accordance with their national significance.
The National Capital Plan, includes policies to conserve and develop Lake Burley Griffin as
a National Capital and community asset, providing environmental, recreational and other
services. Moreover, the Plan aims to provide for diverse uses of the Lake while making sure
its condition is not compromised.
“The water quality and hydraulic operation of the lake should be maintained in a manner
designed to protect Lake Burley Griffin and Foreshores’ visual and symbolic role and its water
uses.”3
The National Capital Plan also contains policies on ACT river corridors, including the
Molonglo River Corridor, upstream of Lake Burley Griffin within the ACT. Some restrictions
apply to development within the Molonglo River Corridor, which must comply with all
relevant principles and policies of the National Capital Plan4.

1.5.

Lake Burley Griffin Management Plan 1995 (NCA)

The Lake Burley Griffin Management Plan has been prepared in accordance with the National
Capital Plan. It sets a framework of policies and practices that enable management of the
Lake according to the target objectives. It takes into account a range of factors contributing
to the Lake‟s operation: water quality, flood, flow, ecological values, recreation, public safety
and security, and landscape. It also identifies management challenges and proposes
strategies to overcome those challenges.

1.6.

Lake Burley Griffin Recreation Policy 2010 (NCA)

The Lake Burley Griffin Recreation Policy promotes the importance of various recreational and
commercial opportunities the Lake offers, while upholding the different values of the lake
(environmental, cultural, historical, and economic). The policy lists management practices
consistent with the Lakes Ordinance 1976 and describes the specific strategies to balance
recreation and safety of the people through appraisal methods, consultation, monitoring of
recreational use and evaluation of events.

3
4

National Capital Plan , Section 1.2.3
National Capital Plan Section 8.6.3
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This policy includes the importance of protecting the water quality of the Lake. The safety
section shows that health warnings are determined by the water quality of the lake, and
reflect the health risks of poor water quality.

1.7.

Canberra’s Urban Lakes and Ponds: Plan of Management 2001 (ACT)

This plan does not cover the management of Lake Burley Griffin; however it is relevant to
the management of other ACT urban lakes, which are within the Terms of Reference for this
Investigation.
The ACT Government Canberra’s Urban Lakes and Ponds: Plan of Management 2001 provides
guidelines and strategies for the management of lakes and ponds in Canberra. It identifies
management issues, sets objectives, and provides strategies to achieve those objectives as
well as performance indicators for monitoring and evaluation. It aims to promote the uses of
the lakes and ponds and at the same time protect their environmental values (including
those of the catchment).

1.8.

Non-Government Catchment Strategy

The Molonglo Catchment Group is a community-based group whose central purpose is to
protect the health of the catchment through engaging with the community in effective
management including conservation and restoration efforts. The Molonglo Catchment
Group has prepared two strategy documents:
• the 2005 Molonglo Catchment Strategy 2004 to 2024, which sets goals for the
management of water, biodiversity, land asset and community building within the
Molonglo Catchment. Key strategies involve community engagement, investigative
and monitoring works, and on-ground programs/activities.
• The Molonglo River Rescue Action Plan 2010, which identifies specific activities needed
to improve the riverine environment and water quality in nine identified reaches of
the River.

2.

Water management

2.1.

ACT Water Resources Act 2007

The ACT Water Resources Act 2007 provides for the regulation of the use, flow and control of
the Territory‟s water. It aims to ensure sustainable use of water resources that considers the
needs of present and future generations and ecosystems of the ACT. The Act, administered
by the ACT Environment Protection Authority (EPA), establishes guidelines on water access
rights, restrictions on water use, regulatory measures and assessment.
According to section 7A (1) of the Act, surface and ground water resources on National
Land are considered as resources of the Territory. However, the NCA holds the rights of
water abstraction in Lake Burley Griffin as stipulated in the Lakes Ordinance 1976 and
National Land Ordinance 1989. Although the Water Resources Act 2007 states that “Under the
ACT (Planning and Land Management) Act 1988, the Territory is responsible for the management or
regulation or both of the taking of water on national land” (section 29 (1)(c)), that subsection of the
Appendix G - Page 4
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ACT (Planning and Land Management) Act 1988 does not exist in the currently available
version. Until the Commonwealth passes amendments to the Water Act 2007,5 responsibility
for water abstraction is passed to the ACT. The Water Resources Act 2007 does not cover
Lake Burley Griffin and the portion of its catchment declared as National Land.

2.2.

Water Resource Management: Policy and Strategy 2005 (NCA)

This overarching strategy, prepared by the NCA in response to challenges of global climate
change, is designed to integrate water resource management consistent with the National
Water Initiative. . Under the administration of the NCA, the strategy aims for sustainable use
of water resources that enhance the values of the National Capital. Management actions
include the adoption of water sensitive design, waste/pollution reduction principles, water
quality management, and setting water targets (both for consumption and water level).
The Lake Burley Griffin management plans (Lake Burley Griffin Management Plan 1995, Lake
Burley Griffin Water Quality Management Plan 2011, and Lake Burley Griffin Abstraction Plan
2005) have important roles in the implementation of the strategy.

2.3.

Lake Burley Griffin Water Quality Management Plan 2011 (NCA)

The Lake Burley Griffin Water Quality Management Plan 2011 recognizes that to be able to
continue providing various services the water quality of the Lake is vitally important. The
Plan establishes benchmarks for water quality indicators for specified values of the Lake:
ornamental water; protection of freshwater aquatic systems; recreational water; and
irrigation water for parks and gardens. The Plan also sets out management strategies
including water quality monitoring and management of pollutant implemented to protect
and enhance water quality.

2.4.

Lake Burley Griffin Water Abstraction Plan 2005 (NCA)

The Lake Burley Griffin Water Abstraction Plan 2005 (NCA) focuses on establishing sustainable
targets for water level and consumption that would meet both environmental and economic
needs. It also promotes water accounting measures to provide base information for the
development of appropriate policy instruments. The plan is integral in achieving the goals
of the Lake Burley Griffin Water Quality Management Plan 2011 (NCA) with regard to
abstraction of water from Lake Burley Griffin.

2.5.

National Water Quality Management Strategy 1994
(ANZECC/ARMCANZ)

The National Water Quality Management Strategy 1994 aims “to achieve sustainable use of the
nation’s water resources by protecting and enhancing their quality while maintaining economic and
social development.” It identifies water quality criteria based on the environmental and use
values to be protected. It also establishes a framework for more effective water quality
management through economic instruments (both regulatory and market-based). Moreover,
5

Commonwealth of Australia, http://www.comlaw.gov.au/Details/C2012C00229
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it provides an integrated management approach by setting national water quality guidelines
that would serve as a reference to state and local governments in setting local guidelines.

2.6.

Australia and New Zealand Guidelines for Fresh and Marine Water
Quality 2000 (ANZECC/ARMCANZ)

The Australia and New Zealand Guidelines for Fresh and Marine Water Quality 2000 are made
under the National Water Quality Management Strategy 1994. They provide a summary of the
water quality guidelines proposed to protect and manage the environmental values
supported by water resources (natural and semi-natural marine and fresh water resources in
Australia and New Zealand). The guidelines are not legally-binding, nor do they signify
pollutant threshold limits but they suggest levels at which water resources are not
significantly impacted.
These water quality criteria were adapted to suit the conditions of Lake Burley Griffin in the
development of the Lake‟s Water Quality Management Plan 2011.

2.7.

ACT Guidelines for Recreational Water Quality 2010 (ACT)

Based on National Health and Medical Research Council Guidelines for Managing Risks in
Recreational Waters 2008, the ACT Guidelines for Recreational Water Quality 2010 set the
framework for managing the quality of water resources used for recreational purposes in the
ACT. They identify health risks related to blue-green algae and microbial pathogens and
provide the criteria for decisions on lake closures.
The ACT Health Directorate uses these guidelines to advise the Environmental Protection
Authority, Territory and Municipal Services Directorate and the NCA regarding the use of
ACT water bodies.

2.8.

Think Water, Act Water: A Strategy for Sustainable Water Resource
Management (ACT)

Think Water, Act Water: A Strategy for Sustainable Water Resource Management (2004) is the
long-term water resource management strategy of the ACT Government. Target objectives
are intended to ensure an adequate and secure water supply for the people of the Territory.
Improving water use efficiency, protecting the quality of water resources and promoting an
integrated cross-border management approach (ACT & NSW) with community
participation, are key to achieving these aims. The detailed implementation plan includes
specific actions for each target objective and the corresponding principal authorities
responsible for implementation.
The Strategy does not specifically cover Lake Burley Griffin. However, its provisions serve
as a guide in managing the Lake; especially with issues of water quality protection and
water abstraction management (refer to Lake Burley Griffin Water Abstraction Plan 2005).
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2.9.

Water Use and Catchment General Code 2009 (Territory Plan, ACT)

The Water Use and Catchment General Code 2009 (Territory Plan, ACT) identifies permitted
water uses and environmental values of catchment systems of the ACT. Catchments are
classified according to their predominant water use or environmental value: Conservation
Catchment; Water Supply Catchment; and Drainage and Open Space Catchment. Lake
Burley Griffin covers four parts of the ten-part Molonglo Catchment, which is classified as a
Conservation Catchment. Four of the six remaining parts of the catchment lie above the
Lake, stretching to the eastern ACT/NSW border, while two lie below Lake, reaching to
where the Molonglo River enters the Murrumbidgee River.
Policies on protecting water quality, streamflow, and stream environs are developed based
on catchment values. The mechanisms for ensuring that the management principles relating
to catchments are implemented will generally be one of:
• identification of appropriate provisions in the relevant land use policies in the
Territory Plan;
• issue of licences to discharge to streams or to divert or abstract water for use or
toundertake activities on or in waters
• preparation of management plans by the relevant authority responsible for the land
management; and
• preparation of water-sharing plans by the relevant authority responsible for
administration of the Territory's water resources.
These licences or plans must not be inconsistent with either the Territory Plan or the
National Capital Plan. The water uses and environment values of the Lake are therefore
those specified in the National Capital Plan.

2.10. Waterways: Water Sensitive Urban Design General Code 2009
(Territory Plan, ACT)
This code outlines design and implementation strategies used to achieve sustainable water
resource management through the incorporation of water sensitive urban design in
land/infrastructure planning. It is implemented as part of the development approval
process and aims to reduce mains water use, improve stormwater quality and quantity, and
effectively reuse wastewater in new urban developments. In order to achieve these
objectives, the code provides specific targets for implementation and indicates monitoring
and evaluation instruments that can be used to check whether these objectives are being
met.
This code is essential for the management of Lake Burley Griffin because it applies to
development in the areas of the ACT within the Lake‟s urban catchments (for example,
Sullivans Creek catchment). Stormwater runoff from urban areas is a significant contributor
to the nutrients and organisms that enter the Lake, which lead to poor water quality.

Page 238

Appendix G - Page 7

Report on the state of the watercourses and catchments for Lake Burley Griffin

Appendix G - Legal and policy framework
Investigation into the state of water courses and catchments for Lake Burley Griffin

3.

Environment

3.1.

Environment Protection and Biodiversity Conservation Act 1999
(Cwlth)

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC) outlines a strategic
plan aimed at achieving ecologically sustainable development with an emphasis on
environmental protection and biodiversity conservation. The Act promotes the protection of
sites with National Environmental Significance (NES) and it provides procedures for
environmental assessment, as well as specific regulatory measures that would minimize or
eliminate environmental impacts, especially on those in the NES list.
Lake Burley Griffin is not included in the NES List, but its status is “Indicative Place”, which
means that it has been nominated but an evaluation of its significance has not yet been done.
This implies that the Lake has the potential qualities as a NES site and an associated need to
protect the values of the Lake through effective management.

3.2.

Environment Protection Act 1997 (ACT)

The ACT Environment Protection Act 1997 lays down a framework for the protection of the
environment, including: administration, policy-making, licensing and agreement
arrangements, strategies, enforcement provisions and regulations. It also establishes the
Environment Protection Authority (EPA) as the entity responsible for the administration of
the provisions of the Act.
The Act and the subordinate Environment Protection Regulations 2005 define duties and
responsibilities, and regulatory measures in relation to pollutants entering waterways.

3.3.

Environment Protection Regulation 2005 (ACT)

The Environment Protection Regulation 2005 was made under the Environment Protection Act
1997. It identifies harmful substances and the concentration levels of these substances
permitted in the environment, such as air and water pollutants, noise, wastes, and toxic
materials.
Part 4 of the regulation describes in detail the rules on protecting waterways through
specific regulations on:
•
•
•
•
•
•

substances not to enter waterways;
building work waste not to enter stormwater system or waterways;
areas near building work to be kept clear;
entries to and exits from land to be kept stable;
commercial and non-commercial washing of vehicles and other things; and
discharge of stormwater into receiving waters.

Stipulated Regulations only apply to point source waste discharges. Such management of
pollutants in waterways in the ACT has direct consequences to Lake Burley Griffin because
this determines the water quality of the streams going into the Lake.
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Schedule 4 of the Environment Protection Regulation specifies water quality standards for
various water uses in the ACT. These regulations, which are the same as those approved in
the Water Use and Catchment General Code 2009 described in Section 2.9., contain tables that
list the necessary water quality to support each of the water uses referred to in the Territory
Plan.

4. Public Health
4.1.

Public Health Act 1997 (ACT)

The Public Health Act 1997 (ACT) protects and promotes the well-being of the public by
addressing public health issues. It tries to reduce or minimise health risks by identifying
health hazards, notifying the public and outlining strict regulations to ameliorate conditions
caused by such hazards (such as directions/orders, alerts, and investigation).
The Public Health Act supports the provisions of the Lakes Ordinance and the management
actions of the NCA with regards to closing of Lake Burley Griffin due to health risks posed
by poor water quality of the Lake.

5.

Heritage

5.1.

Heritage Act 2004 (ACT)

The Heritage Act establishes “a system for the recognition, registration, and conservation of
natural and cultural heritage places and objects.” It aims to protect and conserve such places and
objects through strict regulation concerning activities that might have impacts on them.
Although some areas of Lake Burley Griffin and its foreshores are nominated on the ACT
Heritage List (e.g. Captain Cook Water Jet) this Act is not legally binding in relation to areas
classified as National Land.

5.2.

Lake Burley Griffin and Adjacent Lands Heritage Management Plan
2009 (NCA)

Lake Burley Griffin has a natural, cultural and technical heritage which renders it one of the
important assets of the ACT. This plan sets up a policy framework to enable the NCA to
conserve and promote the heritage value of Lake Burley Griffin as an essential part of
Canberra. It involves “heritage conservation, interpretation, use and access, decision-making
procedures, expertise and training, documentation, monitoring and review, and stakeholder
consultation and involvement.” This plan lists specific policies, corresponding actions, priority
levels, and timing for implementation for each subject.
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Appendix H – Molonglo River and Queanbeyan River
Appendix H - Molonglo
catchment
maps
Catchment
Maps
The Molonglo Catchment Group has produced a series of maps of the sub-catchments of the
Molonglo River and the Queanbeyan River.
An array of catchment maps was prepared to assist in guiding the Molonglo Catchment
Group’s Molonglo Catchment Strategy (MCS). The MCS is a 20-year plan for integrated
catchment management of the complex 200,000 Hectare urban, light industrial and rural
Molonglo Catchment, which straddles the ACT and NSW border.
The maps were published by the Molonglo Catchment Group in May, 2005. Data for the
maps was provided courtesy of Environment ACT, Lands NSW, Department of
Environment & Conservation and the Department of Infrastructure, Planning & Natural
Resources.
The fully array of catchment maps, covering riparian condition, land use, management and
other aspect of the catchments is available from the Molonglo Catchment Group’s website
at: http://www.molonglocatchment.com.au/catchment_planning.htm
The “Base Maps” available from the website are reproduced here, with permission kindly
granted by the Molonglo Catchment Group.

List of maps
Upper Queanbeyan

2

Burra

3

Googong

4

Jerrabomberra

5

Lower Queanbeyan

6

Upper Molonglo

7

Kowen

8

Fyshwick

9

Woolshed

10

Sullivan’s Creek

11

Lake Burley Griffin

12

Weston & Woden

13

Coppins

14
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Appendix II –
- Costs
of management
options
Appendix
Indicative
costs of management
options
This Appendix provides a limited comparison of the costs of various management options
for Lake Burley Griffin and its catchment. Some limited financial analysis of the value of the
Lake was provided at Appendix B.
Table 1 below summarises the available preliminary costings for management options.
Where cells are left blank this indicates that no comparable data was available.
These costing estimates are based on figures from Mr Ian Lawrence, who provided the
Water Quality Assessment and Economic Impacts Report for this Investigation. The
Investigation thanks Mr Lawrence for his work in providing these figures but notes the costs
have not been substantiated or peer reviewed, as such they are indicative only.

Table 1: Comparison of costs of various management options for Lake Burley Griffin

Macrophyte restoration

In Lake: East Basin

0.8

In Lake: Springbank
Island/ Black
Mountain Peninsula
(including wall)

1.5

Yarralumla Oval
wetland (including
draining)

0.6

Interception of algae
0.6

3.6

38.5

Total for macrophyte
restoration

7.0

1.1

8.0

72.8

3.8

Phosphorus adsorption and
removal (eg. ‘Phoslock’) – 1

Open water
(60 units)

Removal of faecal
contamination

0.7
6.5
0.006

application to 5Ha of a high BG
algae susceptible area

(4 units)

Ammonia

Greater local
biodiversity

4.0

Embayments

Other impacts

Increased aesthetic
values

Jerrabomberra Creek
wetland near
Hindmarsh Driver

Mechanical mixers –
embayments, open water,
deep water, hypolimnion

Sonic algae
control

Operating/
ongoing
(per yr)

BOD 1

Capital
/initial

Nitrogen

Management measure

Reduction in nutrient
loading (tonnes per yr)
Phosphorus

Cost (A$ million)

0.02

Kg/
per
yr

Negative impact on
Lake plankton

0.4
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0.4

0.07

Upgrade of water pollution
control ponds (6 ponds)2

0.24

0.06

1

2
3

0.1

0.03
(0.243)

30 ML/day

0.08
(0.643)

38 ML/day

0.10
(1.203)

Other impacts

0.3
1.2

23 ML/day

Ammonia

Upgrade of gross pollution
traps (2 large, 10 medium) 2

BOD 1

Operating/
ongoing
(per yr)

Nitrogen

Capital
/initial

Increased flows from
Googong Reservoir

Management measure

Reduction in nutrient
loading (tonnes per yr)
Phosphorus

Cost (A$ million)

0.4

Biochemical oxygen demand
To enhance removal of phosphorus and ammonia.
Includes estimated cost of willingness to endure consequent risk of water restrictions.

The choice of any approach to improving water quality in Lake Burley Griffin, and the
ACT’s other urban lakes and ponds, would require a thorough assessment of the
environmental, social and economic benefits and community values of the lakes against
which water quality improvements could be evaluated.
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Submission 1 – Bagnall

Office of the Commissioner for Sustainability
And the Environment
Po Box 356 Dickson ACT
Regarding Investigation into the state of water courses and catchments
in the ACT.
Dear Dr Cooper,
I am writing to you as a private citizen in response to your request for
submissions to the Investigation into the state of and management of Lake
Burley Griffin.
Having rowed on Lake Burley Griffin since 1974, and participated as a
competitor, coach and administrator during all of those years, I have closely
observed both LBG and its management. As a former Senior Research
Scientist (1974 to 2007) with refereed publications in biology and specifically
microbiology, I have observed the lake closely both from a personal and
scientific perspective.
I suggest that over that time there have been marked improvements in some
aspects of lake and water course management. Specifically the removal of the
animal pens draining into Sullivan’s Creek by the ANU in the 1980s, and the
subsequent landscaping/sedimentation ponds in ANU and Turner must be
reducing nutrient flow into the lake. Restricting nutrient flow from urban runoff
is clearly an ACT responsibility, and I believe that the improved management
of Sullivan’s Creek is commendable.
The multi-jurisdictional control of the LBG catchment (NSW, Queenbeyan
City, NCA, ACT) might indicate that inter-governmental co-operation and
goodwill is required across national, state, territory and local government
boundaries, and agencies and that without this co-operation little progress can
be made in long term improvement in LBG water quality. In contrast to this
governance gridlock paradigm, I suggest that the ACT Government can
contribute significantly to improving lake quality, and its management. These
local management solutions should be adopted promptly to contribute to a
cleaner lake.
Although dog droppings in urban runoff and overflows from Queenbeyan
sewage works might contribute to nutrient and bacterial contamination of
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LBG, why does the ACT continue to graze cattle on Jerrabomberra wetlands,
adjacent to LBG? How much cattle manure is produced by this herd daily, and
how can the nutrients and bacteria not be moving into the saturated water
table flowing into LBG?
Similarly why did ACT authorities turn a blind eye to Canberra’s much-praised
soup kitchen daily dumping excess food (mainly bread) into LBG in
Jerrabomberra wetlands till recently when access became restricted because
of construction at the Kingston boat harbour? My understanding is that ACT
officers were unwilling to act against this Canberra icon. The explosion in
water bird numbers and subsequent lake nutrient status would reflect the
kilograms of food supplementing their daily feeds.
This activity continued for many years, and I wonder is there somewhere else
that the water birds are now being fed.
With regard to nutrient inflows into LBG, most of the scientific sampling of
water quality and nutrient status in LBG is based on recreational swimming
sites.
A legitimate question for ACT authorities is what contribution does nutrient
run-off from the Dairy Flat turf farm and Royal Canberra Golf Course
contribute to the nutrient status of LBG (rather than exclusively focusing on
Quenbeyan Sewage and NSW inflows). Has ground water nutrient status ever
been monitored from these two ACT sites? Has the ACT asked these
institutions about their management of fertilizer flows in ground water?
Finally I would like to question the presentation of information in the ACT’s
current Guidelines for Recreational Water Quality (29/6/2010) which
indicates that blue green algae can be ingested as aerosol via nasal and
pharyngeal mucous membranes, and implies that this is a common pathway
for infection for secondary contact sports like rowers, kayakers, sailors,
dragon boaters.
What refereed scientific literature supports this assertion?
Aerosol particles from splashing oars and paddles and sailing boats are
greater than 5µ whereas absorption of particles through nasal and pharyngeal
membranes requires droplets to be smaller than 5µ.
I commend you for initiating this study, and hope that the ACT government
can improve lake water quality as a consequence of your recommendations.
Regards,
David Bagnall (21 June 2011)
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Submission 4 – Lake Tuggeranong Rowing Club

12 July 2011

The Office of the Commissioner for Sustainability
and the Environment
PO Box 356
DICKSON ACT 2602
RE: ACT Lake Water Quality Enquiry
Dear Dr Cooper
As Club Captain of Lake Tuggeranong Rowing Club, I am writing to ensure all aspects of the ACT lake
water quality issue are fully explored within the enquiry. Of particular concern for Lake Tuggeranong
Rowing Club is that the issues experienced by Lake Burley Griffin and its users are not unique to the
main central water body. Lake Tuggeranong has recorded more intense and adverse water quality
issues than Lake Burley Griffin, which seem to not be addressed or perceived at the same level as
the Lake Burley Griffin issues.
Our most recent episode of blue-green algae registered the highest levels of concentration ever on
ACT Government records with the levels at 28,000 times above the threshold at one stage. The
algae was showing as fluoro blue on the lake surface (a stage well advanced from the usual fluoro
green algae) and was emitting toxic fumes causing nausea and discomfort to anyone within the air
space of these fumes. Depending on the wind, these toxic fumes were noted up to 500m and
further from the lake water body. This episode occurred from April – July 2011. The Rowing Club
was not active on the water at all during this period.
As a consequence of this inactivity, Lake Tuggeranong Rowing Club has experienced an extremely
low member renewal rate. Our new membership year commenced on 1 May, in the middle of this
extreme algae/bacterial episode. This low member number is cause for serious concern for the club
committee and places a financial burden on the club with viability a major concern. The ongoing
concern is that to re-build member numbers we depend on Learn to Row programs, but with the
uncertainty of the water quality, these programs risk disruption and cancelation.
Evidence of the water quality deteriorating in Lake Tuggeranong over recent years has been
witnessed by Lake Tuggeranong rowers with increased lake closures disrupting club rowing sessions
on a more regular basis. Rowers training for major regattas have had to re-locate boats to Lake
Burley Griffin or compete at the regatta after reduced or modified training – not a satisfactory
option for most members. As our launching pontoon is located under the Tuggeranong Library
which is close to the Tuggeranong shops/business district, rowers have also commented on the
increase in litter and unusual greasy lake surface coatings in the vicinity of the pontoon.
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Further compounding the issue for Lake Tuggeranong rowers is that rowing is able to still occur on
the lake, when algae scum is obvious to us, due to the delay in testing procedures. So rowers are
fine to row on mild/moderate algae levels with no consequences, but as soon as the test results
come through, ACT government declares the lake closed. In some cases we have been rowing,
unaffected, on mild algae for weeks before the closure, and yet as soon as a Government official has
a set of figures in front of them, suddenly the lake is not okay to row on. This is incredibly frustrating
as the club has a risk management plan and some common sense and responsible personal decisions
should be allowed. The Government fear of litigation seems to be overriding common sense and
therefore banning recreational activities is an easy way to eliminate the problem for them, instead
of looking at ways to allow the public to pursue healthy activities within safe boundaries.
Lake Tuggeranong is a unique facility for which the Rowing Club is very appreciative of having access,
however, this facility is deteriorating due to water quality issues. There are plenty of feasible
explanations given by the ACT Government for the water quality diminishing, but no resounding
commitments to fix the problem have been forthcoming.
Thank you for considering this issue seriously and we look forward to hearing the results of your
enquiry.
Kind regards

Deb Styman
Captain
Lake Tuggeranong Rowing Club
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Submission 6 – Hunter

Dear Sir/ Madam,
My name is Scott Hunter and I own and run ‘Wetspot Watersports’, a local business that
is focused upon the enjoyment of our beautiful waterways. We specialise in kayaking,
windsurfing, stand up paddling, surfing and canoeing. Our industry has been seriously
affected by the inconsistent water quality of the Canberra lakes over recent years, with
many events being cancelled due to closure of the various lakes.
We run lessons for all of the above sports catering for both schools and individuals. Due
to the closure of Lake Burley Griffin each summer for the past five years I have lost my
contract to run my school programs for windsurfing and kayaking. These courses always
attracted a high level of interest from the students, who loved the chance to experience
sports that differed from the traditional school sports offered. It opened their minds to the
outdoors and the amazing facilities right on their doorstep. Given the current rates of
obesity in young people, getting their children away from the TV or computer is a high
priority for all parents. Additionally, we had to cancel our after school windsurfing nights
that were regularly attracting 10 to 20 children onto the water each Tuesday evening.
These cancellations hurt my business in many ways. Obviously financially we are not
turning over as much as we could, as one of the major selling points for water goods in the
ACT is the safe and convenient waterways that Canberra possesses. Secondly, I am not able
to hire additional staff due to this reduced demand. But I think the biggest impact is the lack
of future participants that have been put off, possibly forever, by the water quality. That is
the next generation of windsurfers and kayakers. Canberra has produced Olympians and
National Champions on these lakes and I fear we will never see that level of achievement
again.
Our sales of equipment have definitely suffered due to the closures, with endless
comments from people to me saying “There’s no way I’d ever go on that lake. Let alone
swim in it.” People’s perceptions are that you will be sick for days by coming in contact or
ingesting the water and that is something that needs to be addressed in the media in the
ACT. I am constantly on and in the water and know many people who also utilise the lakes
when “closed” and am still yet to meet anyone who has had any serious health problems
because of these contaminations.
That aside, we need to find out why the bacteria levels are so high and what needs to be
done to correct the problem. We need to find where the nutrients are coming from and
stop it immediately. If the causes are not halted then we need to name and shame the
individuals, corporations or councils that are responsible, and take steps to correct this
problem.
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This is a big issue as our lakes are a major draw card for Canberra. Lake Burley Griffin,
obviously an integral part of the Burley Griffin Plan is the most visible and identifiable part
of Canberra after Parliament house. Tourists are dismayed to see the closed signs posted
around our most visually impressive water feature and it detracts from their perceived
image of our city. Thousands of people come to Canberra to use our lakes, from such
diverse sporting groups as: Dragon Boaters, Triathletes, Rowers, Kayakers and Sailors
injecting millions of dollars into our economy. The cancellation of these events is starting to
ruin our chances of holding them in the future.
My biggest gripe though is my family are not getting to do what they want. My kids
Josh(8) and Cate(10) can’t fathom why they are not allowed to go for a paddle or a windsurf,
as it has always been a part of their lives. I believe strongly that they and all Canberrans are
entitled to a clean usable lake. As parents around the world are begging their kids to get off
the couch, I have the other problem, a problem I never thought I would have had when I
moved here 20 years ago. I am seriously concerned about what my kids will inherit in 20
years when they look to get their kids outside into an active lifestyle.
If there is anything I can do to help, whether it be information, feed-back, organising a
working bee, anything at all, I am keen to help. A lot of my best memories of life in Canberra
are of being on the Lake and I wish to create many more through my business and with my
family and friends.
Regards
Scott Hunter
Wetspot Watersports
68 Wollongong St. Fyshwick.
Ph. 6239 1323
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To:
Subject:
Date:

Cooper, Maxine
FW: Lake Burley Griffin Enquiry
Friday, 22 July 2011 11:34:42 AM

For processing please Max
-----Original Message----From: EnvComm
Sent: Friday, 22 July 2011 10:24 AM
To:
Cooper, Maxine
Subject: FW: Lake Burley Griffin Enquiry

-----Original Message----From: Stuart Ross Walkley
Sent: Tuesday, 19 July 2011 3:10 PM
To: EnvComm
Subject: Lake Burley Griffin Enquiry
To Commissioner for Sustainability and the Environment,
Thank-you for holding an enquiry into the state of the water in and catchments for Lake Burley
Griffin, as this has been a concern of mine for many years.
Lake Burley Griffin used to be a relatively clean body of water years ago, compared to the bodies of
water in or around other major cities around Australia. In recent years the water quality has
dropped remarkably and now people are often warned not to swim in the lake and sometimes
swimming is banned. In my opinion this is a poor situation for a city that takes pride in it's clean
image, and an improvement to the water quality is essential.
I believe a lot of people and community groups around Canberra would also feel the same way. The
Lake is a focal point for many sporting activities, especially during the warmer half of the year, but
summer is also the time when contact with the lake water has become a possible health hazard. The
message for good health is to get outside and exercise, but the message when arriving at the lake
is to avoid contact with the water as it may harmful for good health.
I understand the water quality in the lake is difficult to keep clean, as a lot of the catchment is from
the Inner North and Inner South suburbs, and the storm water run-off into the lake is polluted. This
is a problem, but this issue could be utilised to raise community awareness about pollution, how it
moves from the point of pollution to the lake, how it builds up in the lake, how this impacts on the
lake's ecosystem, and how pollution can be reduced and remediated.
The lake is central to Canberra and most people travel over or around it sometime during each
week. Our city would look and feel very different without it, and it's also a tourist attraction. It is
utilised for local and interstate sporting events, as well as local recreation. It is featured on
postcards and in books of Canberra, and many people take stunning photos of it. Our lake gives a
lot to locals and to visitors, and so we should make sure we look after it.
This lake is a large body of water that supports a diverse ecosystem, in the water, around the
shore, and in the air. Like most ecosystems it is delicate and easily damaged by pollution and
misuse. I'd like to see the lake's ecosystems improved, and I'd also like to see the process of
evaluating the health of the lake and solving the problems be conducted publicly, so we can all
experience how complicated environmental problems are to understand and to repair.
I think the Solarbee water circulation devices that the NCA will use to tackle blue-green algae are a
good start, but wonder why it didn't commence years ago.
Regards, Stuart.
Stuart Walkley
Lyneham ACT
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Office of the ACT Commissioner for Sustainability and the Environment
PO Box 356
Dickson ACT 2602
Ms Narelle Sargent
A supplementary submission from Rowing ACT to your Investigation into the state of the water
courses and catchments for Lake Burley Griffin

Dear Ms Sargent,
Following on from your presentation at the Lake Users Group on 24 August, Rowing ACT would
like to address the additional research that your reference group has commissioned, which
apparently widens the terms of reference for the investigation. Specifically there are historical
perspectives that we would like to share, and we would also like to indicate the diversity of
economic consequences of past lake closures. All water based sports struggled to survive recent
lake closures. Following on from this disaster, Rowing ACT suggests that lake closure protocols
should be changed so that individual sporting clubs are responsible for managing risk associated
with poor water quality.
It appears that there might be some misconception about water sports being peripheral to a
perceived role of Lake Burley Griffin (LBG) predominantly as an ornamental lake. This historical
revisionism about the importance of water sport on LBG is refuted in the ACT Government
commissioned history Canberra 1954-1980 by Eric Sparkes (1988). Sparkes notes the extensive
contribution that the NCDC made towards the implementation of the Australian Rowing
Championships held on Lake Burley Griffin on the Olympic rowing course starti ng 30 April 1964,
including extensive earthworks and depth-charging. This major Australian Championship regatta
was also the selection regatta for the Tokyo Olympics and was the first event held on the newly
flooded lake. Although this course was subsequently found to be too exposed to the prevailing
winds, the best viewing venue for this stretch of water is at Regatta Point. By naming this central
focus point after our sport it is clear that the NCDC saw water sports like rowing and sailing as
critical components of the utilization of this spectacular venue. It is also noteworthy that Prime
Minister Menzies “inaugurated the lake from a rostrum on Regatta Point against a Central Basin
alive with sailing craft” (Sparkes, 1988).
Clearly both the NCDC and Prime Minister Menzies perceived water sports as central to the role of
LBG enlivening Canberra. Menzies’ advocacy of Canberra and the building of the lake against
bureaucratic and political resistance were pivotal in its creation. These water sports are culturally
significant in Canberra’s history.
Thus water sports were always seen as critical elements of the design and use of Lake Burley
Griffin and that water quality was appropriate for these non-immersion sports. Although the
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surrounding region was agricultural land, with cattle at Dairy Flat, sheep and horses near
Woolshed Creek, and toxic heavy metals flowing from Captain’s Flat, the lake was not dangerous
for most water sport, in a manner similar to most Australian inland waterways. There was never
an expectation that LBG would have drinking quality water, and this is why Prof Warfe’s
observations about the 2009 lake quality guidelines are particularly relevant. He indicated “current
lake closure procedures are based on inappropriate epidemiological conclusions and possibly
irrelevant CRC guidelines derived from Cyanobacteria concentrations in drinking water”.
With regard to water quality and the lake’s history, we can contribute some observations.
Water quality has not been an issue that closed the lake for rowers and boating water sports in
the early years. However, Eric Sparkes observed that in 1964
details of protracted wrangling between NCDC and Department Of Health over whether the lake
was fit for swimming received the full glare of publicity.
The subsequent construction of popular swimming areas at Weston Park and Black Mountain
Peninsula indicated that swimming was safe. This early debate about water quality and swimming
was resolved in the 1960s, and the swimming beaches were very busy on summer evenings in the
1970s. The subsequent loss of popularity for swimming in the lake since the 1970s reflect a range
of social factors, principally the widespread perception that swimming in the lake is a health risk.
This widespread opini on that the lake is permanently toxic is attributable to lake closures and the
accompanying publicity, which at times overstated the risk to promote compliance. Sadly this
exaggeration has devalued the swimming areas and they remain under-utilised.
Within our sport we are aware that severe algal blooms were almost annual occurrences in the
1960s and 1970s. To our knowledge the lake was never closed for rowing during the 1960s and
1970s, despite blooms as dense as those seen in recent years. Those of our rowers who trained
across those blooms can recall no ill effects from their daily training sessions
The NCA’s website indicates that testing of the lake’s water quality started in the 1980s. That data
indicates a gradual improvement in lake quality although data from recent seasons have not been
included in that NCA summary. Notwithstanding this improvement, lake closures have become an
increasing threat to the survival of our smaller clubs, and have the potential to kill all water sport
based on the lake. Two of our clubs that were most affected by closures (Capital Lakes RC and Lake
Tuggeranong RC), have struggled to get members to return to the sport following many months of
lake closures. It is not clear why these clubs are not allowed to manage the risk from water quality,
as they do for more serious risks like low water temperature.
With regard to the lake closures and their economic impact, there are a range of issues to
consider. The most difficult to quantify is the loss of the lake’s reputation as a reliable training and
sporting venue. The National Rowing Centre of Excellence AIS Rowing Program spent thousands of
dollars per week relocating athletes, coaches and equipment to train elsewhere in May 2009, as
the lake was closed. Other athletes were unable to travel to Canberra for training camps. The bad
press from these events caused major damage to LBG’s reputation interstate as the premier elite
training venue.
Similarly cancelling regattas on short notice with athletes already in town, as happened to the
dragon boaters in February 2009, is a nightmare for sports administrators. If the organizers of the
ISRA rowing regatta on the same weekend had similarly folded tents mid-way through the regatta,
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the Sydney schools would never return to Canberra. Thousands of competitors and their
supporters would not have filled accommodation and local restaurants in 2010, 2011 and into the
future. This loss of reliability as a venue has clearly hit the triathlon community, where previously
the ACT was a major Nati onal venue, and it has been downgraded to secondary status, with many
less competitors travelling here. Each lake closure that inconveniences a sporting team’s travel,
accommodation, training, annual leave and other arrangements turns off those affected from
coming to the ACT again. The ACT authorities have gained a reputation as being overly risk averse,
although some of those authorities have since conceded that the risk to rowers and dragon
boaters might be insignificant.
From our sport’s perspective we would like to be responsible for risk management associated with
lake quality, including it along with othe r risk that we currently manage including cold water, poor
visibility, dehydration, sunburn and lake traffic accidents. Both school and club rowing programs
have to manage all these risks appropriately. For structured sports like ours where junior and
school programs have duty-of-care responsibilities and where all participants are supervised by
accredited staff, and there is total control over facilities, equipment and access to the lakes, it is
appropriate that we are informed of dangerous conditions and respond to that risk.
Yours sincerely

James Hammond

Administration/Development Officer
Rowing ACT
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Dr Maxine Cooper
Commissioner for Sustainability & the Environment
PO Box 356
DICKSON ACT 2602

Commissioner’s Investigation into the state of the water courses and catchments
for Lake Burley Griffin
I am writing on behalf of the board of Triathlon ACT and members of the triathlon
community. Although the first section of this submission does not directly address the
terms of reference of your investigation, it does provide evidence of the effects of the
poor state of Lake Burley Griffin and the other lakes in the ACT on lake users. The
second section of this submission certainly does address the terms of reference.
Lake Burley Griffin is essential in ensuring the success of triathlons in Canberra. Each
year Triathlon ACT conducts triathlons and other water-based events for the local
triathlon community and for many triathletes from interstate who have attended some of
the prestigious triathlons held in Canberra in recent years. For the last several years,
the Canberra Half Ironman or Ironman 70.3 as it is now called, has attracted
approximately 1,000 competitors each year, over half of them were from interstate.
The importance of the sport of triathlon in the Canberra community is acknowledged by
the ACT Government through recognition as a top tier sport for local funding support
and ACT Health’s sponsorship of the Find Thirty novice triathlon series for the 2010-11
season.
Over recent summers the intermittent but certain closure of Lake Burley Griffin owing to
poor water quality has had a detrimental effect on the sport of triathlon and the ACT,
including:
•

the cancellation of triathlon races and reduced open-water training opportunities,
inconveniencing athletes, administrators and commercial operators;

•

Canberra sustaining a diminished reputation as a host venue for important races
on the Australian triathlon calendar, including the Canberra Half Ironman (70.3 ).
It is important to note that in recent years the ACT lost the right to host
International Triathlon Union Junior races due to the uncertainty of the availability
of the lake for the events;

•

the resulting economic impact from reduced interstate competitors from the
reduced race calendar and the subsequent effect on Canberra tourism,
businesses and employment, and

•

those economic benefits being transferred interstate as local competitors travel to
other regions where there is certainty of events being conducted.
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Triathlon ACT will conduct the Australian Sprint Distance Triathlon Championships in
January 2012 and in 2013 using Rond Terraces and Lake Burley Griffin as the
centrepiece of those events. The 2012 event will attract many interstate competitors as
it is also a selection race for triathletes aiming for selection in the Australian team going
to the 2012 World Triathlon Championships. Those events were awarded to Triathlon
ACT and Canberra not only because of our reputation for conducting well organised
events but because the Rond Terraces site and Lake Burley Griffin is one of the
premiere race venues in Australia. The major risk to the events being successful is the
poor water quality of Lake Burley Griffin – closure of the lake at the time of one of these
events will significantly reduce the likelihood of Canberra being awarded a prestige
triathlon event for many years.
It is not only Canberra’s reputation as a venue for important triathlons that is under
threat from the closures Lake Burley Griffin. There can be an economic impact too.
Surveys of the Canberra Half Ironman (70.3) competitors and supporters have indicated
that the annual spend at the event is estimated to be $2 million. The owners of the half
ironman/ 70.3 events have already removed a large triathlon from its host city in China
because of repeated water quality problems – the organisers of the Canberra race have
stated that there may be a similar outcome here if water quality problems are the cause
of another cancellation of the swim leg as happened in December 2010.
Two triathlons, the TACT Olympic Distance in December 2011 and the Australian Sprint
Distance Championships in January 2012, are also likely to draw many interstate
competitors because of the races’ status as selection races for the world triathlon
championships in 2012.
Term of Reference 1. possible improvements for managing water quality and the

appropriateness of the current protocols for lake closures

Appropriateness of the current protocols
The current protocols for lake closures need to be reviewed. From our experience,
levels of contamination change drastically from one week to another in the various area
of the lake. The current protocol requires two consecutive higher-than-limit test results
to close an area of the lake and two consecutive lower-than-limit test results to open an
area of the lake.
This protocol has generated some interesting scenarios where an area above the limit
would still be open (1st bad result) and an area below the limit would be closed (1st
good result) forcing the event organiser to choose an area where the latest results show
an obvious contamination.
Possible improvements for managing water quality
Triathlon ACT has been in contact with a USA based company (SolarBee) that
manufacture machines (featured in a recent Canberra Times article) that could
potentially improve the quality of the water. From our discussions with SolarBee, it is
understood that the machines are expensive so the cost of treating the entire lake would
be very high. A more affordable option would be to place the machines in specific areas
of the lake. This approach would give an event organiser a contingency site to fall back
to if the lake was closed at the primary event site.
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I strongly recommend that the investigation looks closely at the viability of the above
option.
The final point that I want to make is that the sport of triathlon is an outdoor sport and it
can be affected by adverse weather events – all participants in the sport accept that.
What is hard to accept is that poor water quality management has the same affect on
the sport as adverse weather events and affects our sport more regularly and more
often than bad weather does.
I will be happy to answer any questions you may have on any of the points raised in this
submission.

Steve Hough
President
Triathlon ACT
19 July 2011
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Capital Region Fishing Alliance
ABN: 97 624 829 136
www.crfa.org.au

24 July 2011

Commissioner for Sustainability and the Environment
PO Box 356
Dickson ACT 2602
RE: Investigation into the state of the water courses and catchments for Lake Burley Griffin
Dear Commissioner,
Please find enclosed an initial submission from the CRFA in regard to the above Investigation. We have not
provided detailed analysis of the causes affecting water quality; rather we have outlined our vision for Burley
Griffin and the ACT’s other urban ponds and provided suggestions for realising this vision.
On behalf of our members and the Region’s anglers in general, we thank you for the opportunity to comment and
also to be a part of the Reference Group for the Investigation.
About the CRFA:
The CRFA is the peak body representing the recreational anglers of the ACT and surrounding region. Our
objective is "to contribute to the management, conservation and enhancement of fish and fish habitat in the
Capital Region" through four key areas of FISH, HABITAT, ACCESS and PARTICIPATION.

Yours sincerely

Shane Jasprizza
Secretary/Public Officer

GPO Box 1114 CANBERRA ACT 2601
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Submission to the Investigation into the state of the water courses
and catchments for Lake Burley Griffin
Introduction

Lake Burley Griffin (the Lake) is the centrepiece of Canberra, providing recreational opportunities for a range of
users, as well as aesthetic and environmental values for residents and the ACT in general. These opportunities
and values are being compromised by poor water quality and lack of coordination and funding for lake
management and improvements. Also missing appears to be an overall vision for the Lake and lack of
appreciation for its potential as a recreational resource.
The CRFA’s vision is for the Lake to be recognised as a world‐class recreational fishing destination, attracting
anglers to the ACT for quality fishing opportunities in a unique urban setting. The key elements to this vision are
improved water quality, restoration of native fish habitat and addressing the current dominance of invasive
species. This can only be achieved through better coordinated management of the waterway and adequate
funding for enhancement and maintenance of the Lake.

Towards the Vision

A potential cause of the decline in local native fish populations (such as Murray Cod and Golden Perch) has been
the construction of dams, weirs and other physical barriers on natural watercourses which interrupt the
migration and breeding patterns of these species. The majority of ACT’s urban ponds have also been cleared of
vegetation prior to their construction, leaving little in the way of suitable habitat for native fish species. These
barren basins however provide ideal breeding grounds for undesirable invasive species, primarily European Carp,
English (Redfin) Perch and Gambusia, which have flourished to the detriment of local native species. Invasive
species comprise the vast majority of the fish biomass in the local ponds, with Lake Burley Griffin being no
exception. Reversing this imbalance is critical to achieving the CRFA’s vision for the Lake.
A key ingredient to restoring native fish populations is the reinstatement of regular stocking of juvenile fish. This
is required to overcome the inability of native fish to spawn successfully in the artificial environment of the Lake.
CRFA understands that no stocking has occurred in the Lake for a number of years (since possibly 2005), despite
the Lake falling under the Fish Stocking Plan for the ACT 2009‐2014 1 which sets out a three‐year rotational
stocking program. The CRFA were successful in negotiating with the NCA to stock 100,000 Golden Perch in the
Lake in 2011, which should provide a much‐needed boost in population of the species, however, a commitment
to regular stocking and a dedicated annual funding stream is required. The CRFA has previously recommended to
the ACT Government that $50,000 per year would be the minimum required to allow sufficient stocking of the
major ponds in the ACT.
The next ingredient is the reintroduction of suitable native fish habitat to the Lake. “Resnagging” with natural
material (commonly trees or timber structures) is a proven successful method of enhancing shelter and habitat
for native fish species in our inland rivers. Native species are successfully induced to breed in artificial structures
in fish hatcheries. Artificial structures such as concrete “reef balls” have also proven successful in a marine
environment. While there is little research on the effectiveness of introduced habitat in freshwater lakes, CRFA
believes that similar benefits could be realised in our urban ponds. CRFA recommends the Government commit
to and fund small‐scale trials of habitat enhancements in the Lake, or in alternate urban ponds. Associated
research could be used to inform the design of larger‐scale habitat enhancements, as could the results of current
research on Macquarie Perch habitat in the Cotter Dam redevelopment.
A further action to address the dominance of invasive species is through direct control measures. Identifying
breeding “hotspots” is a desirable first step, with methods such as tagging and radio tracking and the use of
“Judas” fish proving successful in other jurisdictions. Knowing where invasive species primarily breed would
allow targeted removal or interference measures to be put in place. Other available methods include physical
removal (eg netting, trapping or “fish‐out” events). CRFA recommends a number of control trials be conducted in
1

See http://www.environment.act.gov.au/__data/assets/pdf_file/0004/156820/Fish_stockplan_2009‐2014_final.pdf
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smaller urban ponds, the results of which could be used to inform larger‐scale controls in the Lake itself. Initial
plans have been developed by the ACT Government for Carp reduction trials, but failed to secure budget funding.
The “power of people” is another important ingredient that is often overlooked. Opportunities for community
involvement in invasive fish removal have the added benefit of increasing community awareness and
engagement. A great example of this has been the “Canberra Carp‐Out” run by the Canberra Fisherman’s Club,
which has attracted up to 2,000 entrants annually. Other successful engagement models such as “Waterwatch”,
“Platypus Watch” and “Frog Watch” could be readily adapted to increase community interest and engagement in
any planned actions.
The final ingredient in realising CRFA’s vision is improving the underlying water quality in the Lake. Water quality
is impacted by a number of factors, including reduced natural flows, pollution from stormwater runoff, domestic
and industrial pollution, invasive weeds and nutrient inflows. Addressing such a wide range of causes may appear
daunting, but with appropriate coordination, leadership and communication of the vision of what the Lake could
be, improvements in water quality would follow. A desirable first action would be the nomination of a single
body to manage water quality in the Lake, and possibly the whole of the ACT, to remove some of the barriers of
the existing multi‐jurisdictional management. Engaging the community in looking after our waterways and
conserving water is an important component in addressing water quality.

Summary and Recommendations

The CRFA’s vision is for Lake Burley Griffin and Canberra’s urban ponds to be known as a world‐class recreational
fishing destination. This long‐term vision requires four main ingredients:
•

Restoration and enhancement of native fish habitat;

•

Control of invasive species (eg. European Carp, Redfin Perch, Gambusia);

•

Stocking of desirable angling species (eg. Golden Perch, Murray Cod and trout); and

•

Improvements in water quality.

To realise this vision, the CRFA recommends the following immediate actions:
•

Funding to conduct habitat enhancement trials in a smaller urban pond to inform a larger scale habitat
program in all ACT ponds;

•

Reinstatement of annual funding for stocking of native fish species in Lake Burley Griffin, incorporated
into a single ACT‐wide funding commitment.

•

Providing funding to identify Carp breeding areas in the Lake and to conduct Carp reduction trials in a
smaller urban pond with the ultimate goal of control measures being implemented in all ACT waterways;
and

•

Vesting sole responsibility for management of Lake Burley Griffin in a single organisation. Given the
NCA’s current funding situation, the logical body is the ACT Government, or alternatively an independent
Commission with cross‐jurisdictional powers and representation.
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LAKE INVESTIGATION: SUBMISSION

From: rebecca horridge
Sent: Wednesday, 27 July 2011 10:32 AM
To: EnvComm
Subject: Lake Burley Griffin investigation submission
Lake Burley Griffin Investigation
As a child in Canberra from 1968 to 1988 my family went every day to the lake to swim, canooe,
windsurf and sail boats. Its was wonderful. I remember swimming in the reids watching ducks and
going on the fabulous canooe adventures. On News Eve we would all swim to Spinaker Island at
midnight. Sadley for Canberrans those energetic times are now gone.
The lake was a valuable recreation asset. Lets make it so again.
Rebecca Horridge
Grad Dip Env Res Mang ANU
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Friends of Grasslands
supporting native grassy ecosystems
PO Box 987, Civic Square ACT 2608
phone: 02 6288 2413
email: advocacy@fog.org.au
web: http://www.fog.org.au

The Office of the Commissioner for Sustainability and the Environment
PO Box 356
Dickson ACT 2602
Email: envcomm@act.gov.au
Dear Dr Cooper
Investigation into the state of the water courses and catchments for Lake Burley
Griffin: terms of reference
As you know, FOG is a community group dedicated to the conservation of natural temperate
grassy ecosystems in south-eastern Australia. One of FOG’s particular concerns is the
restoration and conservation of the nationally threatened species and grassy ecosystems that
exist on the lands adjacent to Lake Burley Griffin. The catchment of Lake Burley Griffin
contains some of the most valuable remnants of grassy ecosystems left in south eastern
Australia, examples being Yarramundi Reach and Stirling Park. While not our primary
mission, FOG also advocates good management of freshwater biodiversity. We hold the view
that actions on the adjacent land will impact on the Lake and its water quality, and that some
management problems are common to both the grassy ecosystem sites and to the Lake itself.
We note the terms of reference for your investigation into the state of the water courses and
catchments for Lake Burley Griffin including:
1. possible improvements for managing water quality and the appropriateness of the
current protocols for lake closures;
2. identifying the causes of lower water quality, including possible resource implications
of addressing them;
3. jurisdictional implications for water quality management of the lake; and
4. the implication of these findings for the ACT’s other major recreational waterways,
such as Lake Ginninderra and Lake Tuggeranong.
However, we argue that the terms of reference are too narrow. The jurisdictional coordination
challenge should apply to all management aspects, not only water quality. The inquiry should
also consider adding additional terms of reference along the lines of:
5. management of the Lake to benefit indigenous wildlife (particularly fish) and riparian
vegetation to maximise biodiversity conservation;
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6. adaptive management of Scrivener Dam to enable continual environmental
improvement and adaptation to climate change;
7. implementation of the 2007 “ACT Aquatic Species and Riparian Zone Conservation
Strategy”.
Our reasons for these additions are that we perceive a number of interlinked environmental
problems with management of the Lake that require an integrated response, consistent with
the measures recommended in the ACT Conservation Strategy but not yet implemented. For
example, algal blooms are clearly a major issue in lake management due to excessive inflows
of nutrients via the catchment and to poor Lake management. The advent of higher
temperatures and changed hydrology with climate change will only exacerbate the problem.
Policies for reduction of diffuse nutrient pollution (through riparian zone conservation for
example) and greater use of artificial wetland filters are two key approaches that could help
reduce algal blooms. Both riparian zone conservation around the Lake and grassland and
grassy woodland conservation in the Molonglo River catchment can contribute to reducing
nutrient inflows.
Another problem is that much of the shoreline of Lake Burley Griffin is now occupied by
exotic deciduous plants. These species contribute to water quality problems through the mass
deposition of leaves in autumn and offer poor habitat for indigenous fauna. Replacement of
these exotic species with flora indigenous to riparian habitats in the ACT would assist in
improving water quality, with the added benefit of providing better habitat for birds and
aquatic fauna. In our view, the Lake should, as far as possible, be managed as habitat for
indigenous biota, with weeds and pest animals discouraged.
The Lake environment is in a very poor ecological condition as an artificial dam that has not
been adaptively managed to incorporate modern conservation measures. Some obvious
measures that should be explored include addition of a fish ladder on Scrivener Dam to
facilitate native fish migration and breeding, installation of a thermal pollution control device,
cessation of stocking the Lake with non-native fish species. Removal of exotic vegetation
along key sections of lakeshore is needed to enhance indigenous fauna habitats. Further, to
desiccate Carp eggs and to encourage growth of aquatic vegetation the Lake's water levels
should be varied to further enhance the Lake’s ecosystem.
Thank you for the opportunity to contribute to this inquiry. Further information on the
comments in this submission can be provided by Dr Jamie Pittock (
).
Sincerely yours

John Fitz Gerald
President
27 July 2011
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Email: admin@waterskiact.com.au
Web: www.waterskiact.com.au
Submission to “Investigation into the state of the watercourses and
catchments for Lake Burley Griffin”
This submission is initially to alert the enquiry to the impacts that poor water quality
and decisions on water access have on our Association’s viability. We would also
hope that the enquiry finds that some controlled activity such ours can be beneficial
to the health of our waterways.
The ACT Waterski Association Inc (WaterskiACT) represents the interests of
competitive waterskiers and wakeboarders in the ACT and has been an active user
of the Molonglo River and Lake Burley Griffin.
The activities of our Association and its members need to be considered separately
from the activities of the general recreational skiing and power boating fraternity.
Our competition and training is highly regulated and confined to specific formats of
competition as well as confined locations. Most training and all competition needs to
be conducted without disturbance from other water craft, as a predictable water
surface is critical for maximum effort and safety.
Our submission to the enquiry is in relation to 2 concerns. Firstly closure protocols,
and then the exclusion of our activity from waterways in the ACT based on perceived
environmental impacts.
Both these issues have had a significant effect on our ability to conduct major
national events, to provide adequate training opportunities for our elite competitors
and to be able to attract and retain members.

1. Closure protocols
This is the area that has caused us most problems in the past years. Due to closures
for elevated algae levels we have had to relocate National Championships in
Wakeboarding, as well as high profile Tournament events, away from then ACT. This
has had a direct revenue impact as well as lost promotional opportunities.
The closure protocols define waterskiing as a primary contact activity, along with
swimming etc. Our contention is that the primary focus of a competitive skier,
compared to a recreational skier, is to stay on top of the water with minimal body
submersion, particularly of the head.

PO Box 923
FYSHWICK ACT 2609
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While not completely removed from the water, this activity trends toward the
objectives of canoeing, kayaking and rowing where accidental immersion and
splashing can still occur. These sports are designated secondary contact activities
and can continue during water closures, provided guidelines in relation to advice,
wash down facilities etc are adhered to.
Official algae closures also seem to occur some time after the presence of algae and
continue well after the risk appears to have abated.
2. Water access
MOLONGLO REACH
The designated water ski area at Molonglo Reach was established in 1988 as a site
for national and international competition and has hosted many of those events. The
site in its present form was established by the Association, with the assistance of
Federal and Territory funding.
Public access has been granted to the site with Association access limited to 6
weekend closures per year for competition and training.
The site has also been closed completely since the December floods due to inactivity
in clearing debris from the area.
LAKE BURLEY GRIFFIN
For the past 5 years the Association has successfully operated a Tournament Slalom
Ski training site in East Basin. That started initially as a trial, but after NCA
environmental evaluation, permission was granted to continue based on strict
operating guidelines. No negative issues have been raised during this period.
Access to that site was recently denied. Initially as a result of the flood damage but
more recently, based on recommendations of the Heritage Report on Lake Burley
Griffin. This was in despite of the fact that all the issues of concern in that report are
refuted by the NCA environmental study of the trial (copy attached).
OTHER SITES
For the past 30 years the Association has lobbied unsuccessfully for access to other
waterways in the ACT. Despite funding and presenting environmental studies it has
been perceptions and opinions that have won out over facts and have limited our
opportunities.
Identified sites have included Lake Ginninderra north arm, Lake Burley Griffin West
Lake and Lake Burley Griffin West Basin.
3. Considerations
a) Competition water skiing be given special dispensation from algae closure for
competition by applying the secondary contact guidelines.
b) Competition waterskiing be considered an activity separate from recreational
waterskiing or general power craft useage when evaluating benefits and impacts
on waterways.
c) Consideration be given to environmental studies rather than opinions and
prejudices when considering granting access to waterways for competition
waterskiing and associated training
Yours Sincerely,
Leigh Southwell, President
27th July 2011

Lyndon Langdon,
Secretary
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Environmental Monitoring Outcomes
Water Ski Trial
East Basin, Lake Burley Griffin
June 2006
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Abbreviations and Units
ACTWSA

ACT Water Sri Association

ADFA

Australian Defence Force Academy

km/h

kilometres per hour

L

litre

M

million

m

metre

mg/L

milligrams per litre

mm

millimetre

NCA

National Capital Authority

NTU

Nephelometric turbidity unit

NZS

Noise Zone Standard

ug/L

micrograms per litre

US EPA

US Environmental Protection Agency

$

dollar

Study Team
Dr Laso Nagy, Atech Group
Professor Bill Maher, University of Canberra
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Mr Steve Hure, Ecowise Environmental Pty Ltd
T Sri Tharan, National Capital Authority
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General
The National Capital Authority (NCA) is responsible for the management of Lake
Burley Griffin. The lake and its foreshore plays a symbolic role in the National
Capital and provides a recreational experience in the heart of the national area.
The management of the lake aims to achieve a fair balance between preserving
an ornamental venue of national significance and providing a range of recreational
opportunities.
The use of power boats is generally restricted but special provisions are available
to allow water skiing on Lake Burley Griffin. In the past, two power boat events
per year have been conducted. The NCA’s current Recreational Policy came into
effect in October 2005. It allows for more recreational use of the lake, including
power boat events, subject to a set of approval criteria.
Water Skiing in Canberra
Water skiing has increased in popularity in the ACT mostly through the efforts of
the ACT Water Ski Association (ACTWSA). Both social and competitive skiers
use a dedicated water skiing area at Molonglo Reach.
As the popularity of this sport has grown, difficulties have arisen in
accommodating both social and competitive skiers at Molonglo Reach. Concerns
have been raised over boat movements, major variations in skill levels and safety
issues. This situation has led ACTWSA to look for alternative sites on Lake Burley
Griffin.
Training Venue – East Basin Site
In March 2005, ACTWSA submitted a proposal to the NCA to conduct water ski
training on Lake Burley Griffin through the newly established Lake User’s Forum.
In this proposal, a site in West Lake near Black Mountain was suggested but there
was a potential for conflict with established lake users in this area. Consequently,
a second site was chosen in East Basin (the north-west area). This site is further
away from noise sensitive areas and closer to Kings Avenue Bridge, where
potential noise created by a water ski boat could be dampened by regular traffic
noise.
This assessment report is based on that site.
During the consideration of the ACTWSA proposal, the NCA consulted a wide
range of lake users, stakeholders and ACT Government agencies including
Environment ACT. The NCA also consulted with a group of experts in aquatic
ecosystems. Their initial assessment of the East Basin environment indicated the
trial would not have a major negative impact.
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Water Ski trial
In October 2005, the NCA approved the trial of a water ski training area on East
Basin for a period of four months commencing 1 November 2005. The trial was
confined to a 370 metre buoyed course with only one boat approved to use it,
under the management of the ACTWSA. This boat was specially designed to
produce a low wake and was powered by an inboard motor.
Operating times were also restricted to allow for an examination of the impact on
the lake, its surroundings, and other lake users. The boat operated for a maximum
of four hours per day on weekdays and up to two weekend days per month. The
boat did not operate before 8.30am. Refuelling on the lake or shore was not
allowed.
During the trial, the NCA continued to consult with the key stakeholders.
Environmental Monitoring
The environmental parameters monitored were:
the emission and wake of the boat used
noise impact
water pollution – hydrocarbon, silt disturbance, turbidity, bank erosion,
wave height
•
impact on wild life (in particular the Jerrabomberra Wetlands)
•
general impact on land use
•
•
•

Assessments of relevant literature and comments from key stakeholders were
also reviewed.
Activity Log Sheet
At the NCA’s request, the ACTWSA maintained an Activity Log Sheet containing
details of the skiing dates, times and any potential issues. No significant issues
were recorded in the log.
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Environmental Monitoring Outcomes
Noise Impact
Prior to the trials noise measurements were taken in areas considered to be the
most exposed locations (the Boathouse Restaurant, Kingston Foreshore and the
National Carillon). All monitored noise levels were comparable to the applicable
noise zone standards of Environment ACT.
Attended noise monitoring was undertaken at specific locations during the trials.
At the Kingston Foreshore noise from the distant ACTWSA boat could not be
heard. At the National Carillon the background traffic noise from Kings Avenue
Bridge masked any noise from the operation of the boat. At the ACT Hospice the
Boathouse Restaurant acted as a shield and the noise level was below the
applicable noise level for that area.
The trial water skiing site was selected to be away from noise sensitive areas and
the noise monitoring indicated the appropriateness of this site.
Water pollution
Hydrocarbons: The boat used has a four stroke inboard engine, which produces
emission levels well within the US EPA standard. This engine has less impact on
the environment than a two stroke engine, with less fuel and exhaust being
released into the water. All testing supported this, with no significant increase in
hydrocarbons in the training area during the trial. Good engine maintenance and
management should ensure similar future results.
Silt disturbance:East Basin is relatively shallow, averaging a depth of 2.5 metres.
It is often affected by natural events such as wind and hydrological activities
(floods), which can contribute to silt disturbance.
One indication of silt disturbance is the level of suspended solids. The benchmark
reading of suspended solids for East Basin is 40mg/L. During a test run on a calm
day, the suspended solids were reported to be about 10mg/L. This suggests that
natural silt disturbance could be considerably higher than boat induced
disturbance.
Tests conducted at East Basin during the trial indicated no statistically significant
increase in suspended solids and metal concentrations in the water column.
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Turbidity: This is a clouding of the water with sediments which could be resuspended by the boat’s motion. These sediments may stay in the water column
for an extended period depending on the depth of the water and the type of
sediment involved. Turbidity also reduces the amount of sunlight passing through
the water. East Basin is a relatively turbid part of the lake due to frequent wind resuspension of bottom sediments.
Tests during the water ski trial indicated a minor increase in turbidity from about
13 to 14 NTU. This difference is not considered significant. The benchmark level
for this site is 60 NTU.
Bank erosion, wave height: Only small sections of the water ski trial site contain
lake walls, which are already subject to considerable natural impact. The average
water depth of the site is comparable with the recommendations of the
International Water Ski Federation.
Wave height is influenced by boat size, speed, hull shape and depth of water.
Waves created by the boat’s wake could impact on non-powered craft such as
rowing boats and canoes.
Tests conducted during the trial showed that wave height was generally
comparable with other craft operating on the lake.
Birds and wildlife: A large number of aquatic birds and wildlife live and breed in
Lake Burley Griffin. It is an important freshwater ecosystem with a high level of
biodiversity, especially in the Jerrabomberra Wetlands. Any water skiing activities
on the lake need to be compatible with the existing aquatic life.
Jerrabomberra Wetlands (located between the Molonglo River and Jerrabomberra
Creek, at the eastern end of East Basin) is a prime waterbird habitat. It also
contains fish and animal species, including platypus. These wetlands are located
about 500m from the trial water ski training area.
Bird activity in the Jerrabomberra Wetlands was monitored by Environment ACT
during the trial. The resulting report stated there was some bird movement during
the trial but commented it was impossible to assess whether this was natural or
due to disturbance from the power boat.
The report also stated two cormorants arrived in East Basin from the wetlands
area and proceeded to dive for food whilst water skiing was taking place. Other
birds were flushed or sighted as observers walked through the wetlands. Their
presence disturbed the birds more than the power boat activity.
Land use
Safe access: During the trial parking for members of ACTWSA was located at
Grevillea Park. The launching ramp there was used to access the lake. This ramp
can be accessed by a vehicle with a boat trailer.
Grevillea Park is used by tourist operators, joggers, walkers, Boathouse
customers, canoeists, windsurfers and others.
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Therefore appropriate signage may be required to maintain safe access to these
areas whilst the training facility is in use.
East Basin Stakeholders: There are a number of established or planned
residential and commercial areas around the shoreline of East Basin. These
include ADFA and the Boathouse Restaurant on the northern shore and the
Kingston Foreshore development on the southern shore. Testing completed at
Kingston Foreshore indicated noise levels from the trial were not a concern.
Benefits from water skiing on aquatic environment
In certain situations, East Basin has been subject to summer algal blooms.
Warnings alerting lake users of blue-green algae have been issued in the past.
It is thought water activities such as skiing are beneficial to a lake as this mixes
and oxygenates the water.
Conclusions
The four month water ski trial provided a better understanding of the nature of this
activity, including its interaction with the lake’s environment and surrounds.
Monitoring also helped judge many of the perceived risks of this sport.
During the trial a range of environmental parameters were monitored. A review of
the nominated ski boat was conducted. Noise impacts, silt disturbance, turbidity,
bank erosion and the impact on wild life were also reviewed. All monitoring and
assessments were undertaken by external consultants.
Potential conflicts with other lake users were discussed through consultation. The
timing of the trial was agreed in consultation with other primary users of East
Basin and it appears that the trial posed no conflicts with other lake users.
Noise levels measured during the trial were reported to be comparable with the
allowable limits for the lake’s surrounds. Emission levels during the trial met an
International Standard. Wind induced silt disturbance and turbidity were found to
be higher than that resulting from the boat activity. No particular concerns were
raised from the bird monitoring conducted by Environment ACT.
Water skiing may also bring some benefits to the lake, providing mixing and some
oxygenation to the stagnant water body.
The trial showed that most of the parameters monitored registered negligible or
unnoticeable effects on the lake environment.
Taking into account the results listed above, it is recommended that controlled
water ski activity can be accommodated in East Basin but under strictly
supervised conditions and with continued monitoring of potential environmental
and general impacts.
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MOLONGLO CATCHMENT GROUP Inc.
ABN 78 210 867 987

28 July 2011
The Office of the Commissioner for Sustainability and the Environment
PO Box 356
Dickson ACT 2602
by email: envcomm@act.gov.au

Re: Investigation into the state of the water courses and catchments for Lake Burley
Griffin
The Molonglo Catchment Group was formed in late 2003 as a network of Landcare and Park Care groups
in the Molonglo catchment. Our role is to help these groups promote and undertake environmental
protection and enhancement within the catchment. The Group has been assisted by the ACT and
Australian Governments’ environmental programs to employ a full-time Catchment Coordinator and a
part-time Waterwatch Coordinator, giving the Group the capacity to undertake on-ground projects and
the development of educational material. The Group also actively collaborates with other organisations
working towards protecting and enhancing the natural environment at a local and regional level.
As one of three catchment groups in the ACT region, the Group notes the lack of transparency of the
application of the revenue collected from the Water Abstraction Charge and strongly encourages the
Office of the Commissioner for Sustainability and the Environment to provide advice to the Minister
about this.
The Group notes that Lake Burley Griffin is, paraphrasing the late Professor Peter Cullen, the largest
gross pollutant trap in the southern hemisphere. It is a large lake collecting stormwater from a large part
of Canberra and all of Queanbeyan, as well as treated effluent from the Queanbeyan sewage treatment
plant. If that is its primary role – to prevent pollution reaching the Murrumbidgee River – it is
functioning correctly: we should expect to see what is happening as the pollution is trapped. If, as a
community we want to use it for recreation, then we should expect additional recreational use to cost the
community an additional amount to ensure it is safe and functional for that higher level of use.
The Group has several sources of information that the Office of the Commissioner for Sustainability and
the Environment may find useful in the investigation into the state of the water courses and catchments
for Lake Burley Griffin:
Since its formation the Group, in consultation with the catchment community, has developed the
Molonglo Catchment Strategy, a 20-year plan for integrated catchment management of the complex
200,000 Ha urban, light industrial and rural Molonglo Catchment, which straddles the ACT and NSW
border. The timeframe has been chosen to allow the community to focus on its responsibilities to protect
the catchment’s land, water and biodiversity assets for the next generation and to align with regional
planning frameworks. It represents a major step forward for balanced, cooperative cross border natural
resource management in the upper Murrumbidgee catchment. The strategy is available on the Group’s
website at www.molonglocatchment.org.au/catchment_planning.htm.

Molonglo Catchment Coordinator
PO Box1573, FYSHWICK ACT 2609
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The Group also supports Molonglo Waterwatch, a community water quality monitoring network that
encourages all sections of the community to become involved and active in the protection and
management of their waterways and catchments. The Waterwatch network is made up of individuals,
community groups and school groups who undertake a variety of biological and habitat assessments and
physical and chemical tests to build up a picture of the health of their waterways and catchments,
currently around 60 sites are monitored on a regular basis. By monitoring their local waterways over
time, community members can determine if the health of the waterway and surrounds are improving,
declining or being maintained. The Group publishes the data collected on the website
(www.molonglocatchment.org.au/monitoring_results.htm) and publishes 6-monthly reports on
catchment health as indicated by the monthly monitoring.
In 2008-10, the Group partnered with ACT Parks, Conservation & Lands, ACT Research & Planning
Unit, ACT NRM Council, Murrumbidgee CMA, Upper Murrumbidgee Waterwatch, Canberra Investment
Corporation, Greening Australia Capital Region and RiverSmart to develop the Molonglo River
Rescue Action Plan, an action plan for riparian restoration and on-going management that will enable
strategic and coordinated restoration and protection of a critical aquatic habitat involving all land
managers and stakeholders in both NSW and the ACT. This will involve close liaison with planning
authorities and the development of partnership opportunities including co-investment. The plan can be
downloaded from www.molonglocatchment.org.au/Projects/MRR.htm.
The Group has also developed a short (~8.5 minute) DVD, Molonglo River: Reflections of the
Catchment, that illustrates the factors affecting the Molonglo River in the catchment above Scrivener
Dam. We can provide a copy of this video to the Office of the Commissioner for Sustainability and the
Environment on request.
Yours sincerely,
Lynton Bond
President
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Commissioner for Sustainability and the Environment
PO Box 356
Dickson ACT 2602

29 July 2011

SUBMISSION TO LAKE BURLEY GRIFFIN INVESTIGATION
The Canberra Yacht Club has a direct and substantial interest in water quality in Lake Burley
Griffin. We have around 500 sailing members, of which our youth membership of around
200 is the fifth largest of any yacht club in Australia.
The CYC conducts racing on the lake on more than 50 days over the year, and delivers sail
training continuously throughout the summer - unless the Lake is closed. Our racing and sail
training activities are the crucial basis of our Club development and, as a relatively small
community based organization, also of our financial structure.
Our operations, development and our finances are highly vulnerable to lake water quality and
lake closures due to water quality. For example, the lake closure in late 2010 cost us a nett
$10000 which we could ill afford to absorb.
The CYC is very happy with the framework the NCA has in place for managing lake closures
in instances of poor water quality. We are readily able to comply with those arrangements and
they are a central element of the top priority we place on the health and safety of our sailing
community.
Aside from a recent initiative, which the NCA announced it may consider, the CYC is not
aware of any existing or proposed measures to actively maintain adequate water quality in
Lake Burley Griffin or to prevent or mitigate instances of unsafe water quality.
We are not the only lake users severely affected by lake closures due to unsafe water quality.
Moreover, we believe that the health risks from these instances are unacceptable.
Accordingly, we believe there is a pressing need to identify and implement appropriate end
effective measures to maintain safe water quality and to prevent or mitigate instances of
unsafe water quality.
The CYC is happy to discuss this submission further if desired.

(Signed)
Paddy Hodgman
Commodore
Canberra Yacht Club
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Queanbeyan Landcare Inc.
PO Box 848
Queanbeyan 2620
29 July 2011

Submission by Queanbeyan Landcare:
Investigation into the state of the water courses and
catchments for Lake Burley Griffin.
To ACT Environment Commissioner
I write on behalf of Queanbeyan Landcare to welcome this investigation and to express our interest
in participating in the forthcoming feedback/consultations sessions that you have identified.
Queanbeyan Landcare actively supports the work of the Molonglo Catchment Group (MCG) and its
plans. It also notes that Queanbeyan Council currently has a review underway of its Rivercare plan
covering the Queanbeyan River from Googong Dam to the ACT border. This submission should be
viewed as a supplement to the MCG submission.
We wish to make some broad comments about the context of this inquiry:
1

The inquiry may be premature because of the potential impact of the forthcoming the
announcements/ consultations/ decisions of the Murray Darling Basin Commission and the
relevant State and Federal Governments

2

The majority of the catchments and inflow to Lake Burly Griffin (LBG)are from the
Queanbeyan and Molonglo Rivers and are spread across Queanbeyan, Palerang and Cooma
Monaro Shire areas and are subject to the relevant NSW Legislation.

3

The inquiry should take account of likely climate change scenarios for the region and the
likely impact of urban growth in both the ACT and surrounding NSW areas.

4

Major sewerage spills and the Captian's Flat mines legacy aside, the water quality of current
inflows to LBG appear to be reasonable. The sewerage spills are of particular concern and
we note that every ACT and Queanbeyan treatment plant suffered significant overflow
during the December 2010 floods which were only a one in ten year event.

5

The policies, operations, water quality and environmental flows of Googong Dam which is
by far the largest water storage above LBG, should be examined closely in this review.
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Queanbeyan Landcare Inc.
PO Box 848
Queanbeyan 2620
29 July 2011

6

It is somewhat surprising that the fourth term of reference did not include the
Murrumbidgee River into which LBG flows and which is undoubtedly a major recreational
waterway.

With regard to the ACT and surrounding NSW we find the present partition of
responsibilities/legislation /regulation for river care and water quality both frustrating and artificial
most particularly from a whole of catchment perspective. In our view the consultation mechanisms
across these jurisdictions on important matters of infrastructure, growth and environmental
conservation are at best ad hoc and poorly observed.
We trust that the inquiry will take the longer view into account, because we feel that further urban
growth, increased water use and climate change will undoubtedly place significant further stress on
the Molonglo and Queanbeyan catchments and Lake Burly Griffin.

Roger Clement
Presidnt, Quenabeyan Landcare
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ABN - 92 618 161 917

Burley Griffin Canoe Club Inc.
P.O. Box 341 Jamison Centre ACT 2614. Phone: (02) 6288 6799
www.bgcc.canoe.org.au

2 August 2011

Dr M Cooper
The Office of the Commissioner for Sustainability and the Environment
PO Box 356
Dickson ACT 2602
Electronic mail:

envcomm@act.gov.au

Dear Dr Cooper
Re: Investigation into the state of the water courses and catchments for Lake Burley
Griffin
Thank you for the opportunity for the Burley Griffin Canoe Club (BGCC) to provide a
submission to the Investigation into the state of the water courses and catchments for Lake
Burley Griffin. We apologise for the making the submission after the deadline of 29 July.
Burley Griffin Canoe Club
Burley Griffin Canoe Club has been in existence for over twenty years. It is dedicated to
promoting the sport of canoeing and kayaking at all levels and ages in the Canberra region.
It had over 200 members as at 30 June. The club is active in the canoeing disciplines of
sprint, canoe polo, marathon and touring. It also supports those undertaking the whitewater
canoeing disciplines such as slalom, freestyle and river running.
The club has a shed at Molonglo Reach which enables the storage of canoes and kayaks
and provides a meeting place for the majority of the club’s activities. These activities
include:

78 ACT.
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kayaking courses for beginners
intermediate and advanced coaching
Canoe Polo training
Recreational paddling
Weekly races
NSW and national events, such as the 24 hour race, the Burley Griffin Bash, and the
Marathon 9 series.

Given the location of the club’s shed and Lake Burley Griffin being a focal point for many of
the club’s activities the club has a strong interest in the state of Lake Burley Griffin and its
catchment.
Other Kayaking stakeholders
The BGCC represents a small proportion of the canoe and kayak community in Canberra.
There are a significant number of people who kayak on the ACT’s waterways that are not
members of a canoe club. The kayaking community also supports commercial activities,
such as Canberra’s various kayak shops. The health of the waterways directly affects the
financial viability of these businesses. While this submission is not made on their behalf, they
should be considered when developing solutions.
Water quality and its impacts
Whilst there is recognition amongst kayakers and canoeists that water quality and quantity is
affected by a range of factors some of which are naturally occurring, there is an expectation
that government and the community actively manage non natural events so that water
quality is not negatively impacted. It is acknowledged that water quality is generally good
and that blue-green algae is naturally occurring however, there is a substantial scientific
literature which suggests that an increase in nutrients from anthropogenic activities
increases the level of algae.
The recent closures of the lake have had a substantial impact on the club’s activities. The
impacts include:








competitive and non-competitive races needing to be cancelled
the cancellation of beginner courses
required the relocation of canoe polo training
caused the club to consider the merit of extending the club’s shed
prevented canoeing for recreational and training reasons
the loss of income from providing safety boats for triathlons
limited training for competitors in national and international events

As Lake Tuggeranong and Ginninderra are also often affected, the paddling opportunities in
the region decrease substantially. As well as being affecting the wellbeing of people, it is
also impacting on the economy of the region as events are cancelled. It is also likely that
when state, territory and/or national events, based on the use of the lake and the Molonglo
River are being proposed that the risk of them not occurring due to a closure or restricted
use of the waterbodies steers organisers to not take the risk and schedule to the events to
occur at a location outside of the ACT.
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Recent positive developments
The club has welcomed the increased focus on the lake and communication with
stakeholders that has occurred in recent years.
Initiatives such as better communication of water quality results (including advertising and
signage), as well the primary/secondary contact distinction has allowed the club and its
members to be better informed about the level of risk from blue-green algae and bacteria.
More is required
The level of communication between management authorities for the lake (National Capital
Authority and ACT government) and stakeholders about the water quality has much
improved. We think more could be done in managing the long term health of the catchment,
to ensure that water quality problems are prevented, rather than reacted to. In this light,
Queanbeyan City Council will become more important, as the recent floods demonstrated.
The lake users group is a good forum for more detailed discussions about the long term
plans for the lake. We believe more and better use should be made of this forum.
Mitigating measurers, such as the proposed SolarBees are also welcome. We believe that a
combination of mitigation and prevention measures are required to produce a long term
solution. A long term solution will give certainty to the many users of the lake about the lakes
availability for recreational activities.
Burley Griffin Canoe Club is extremely interested in the outcome of the Investigation, and
would be willing to provide additional comments and information.
If you wish to discuss this submission please contact the club on (02) 6288 6799
Yours faithfully

Russell Murphy
President
Burley Griffin Canoe Club
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SUBMISSION FOR LAKE BURLEY GRIFFIN INVESTIGATION
From: Marchant, Hazel On Behalf Of BRESNAN
Sent: Thursday, 11 August 2011 11:09 AM
To: EnvComm
Subject: Inquiry into Catchments and Waterways

To the Commissioner for Sustainability and the Environment:
The author of the attached email has requested me to forward it to you for consideration in
the inquiry into the ACT’s catchments and waterways.
Yours faithfully,
Hazel Marchant
Electorate Officer
Office of Amanda Bresnan MLA, ACT Greens Parliamentary Whip
Member for Brindabella

From: julie higgins
Sent: Friday, 17 June 2011 2:17 PM
To: BRESNAN
Cc:
Subject: Lake Tuggeranong
Dear Amanda,
I would like to bring to your attention the appalling condition of Lake Tuggeranong which I am sure
many people in the community are not aware. It is a health hazard and no one in the ACT
Government or Administration seem to be addressing the state of the Lake.
As a long time member of Lake Tuggeranong Rowing Club it is of real concern that we have not been
able to use the Lake for the past 9 weeks.
I am the co-ordinator of our learn to row program which was very successful over the summer period
but now we are already losing our new rowers due to the closure of the Lake.
As a small Club we run the risk of becoming defunct.
Is there anything you can do to help us, please?
Sincerely,
Julie Higgins
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SUBMISSION FOR LAKE BURLEY GRIFFIN INVESTIGATION
From: Wayne Rigg
Sent: Thursday, 11 August 2011 11:20 AM
To: EnvComm
Cc:
Subject: Lake Burley Griffin Investigation
Dear Commissioner,
I was very glad to hear of the investigation and invitations for submissions
regarding Lake Burley Griffin.
As a user of the lake for kayaking and swimming and as a Science teacher and
father I have been very concerned for a long time about the lake.
I assume many others have the same concerns, but mine are:
•

•

The lake is a fantastic resource which is severely limited in use by
pollution and the danger of blue green algae. The occurrence of this algae
is often difficult to gauge, even after searching for lake reports, which are
very limited in scope and may report after the fact, i.e. Shortly after one
has already swum in the lake and so one is discouraged from swimming in
the first place! i.e. Uncertainty and reputation stop the use of the lake.
This great resource is very much underutilised because of the above
reasons, a great shame, especially in summer, as it is one of our greatest
potential resources for sport, recreation and public amenity.

I also have one possible suggestion. A couple of years ago I heard of a city
(Portland?) where they constructed floating hydroponic gardens in their lake.
While this is a nice idea aesthetically, what struck me was this is a possible way
of controlling blue green algae, i.e. The roots of the gardens go down in to the
water extracting nutrients, i.e. Oversupply of nutrients of is one of the main
causes of blue green algae, together with insufficient water flow and temperate
increase. So, this could provide not only an attractive lake feature but may help
with one of the greatest problems of the lake.
Thankyou for you attention.
Wayne Rigg
Canberra Tutoring

Office Hours: 9am – 6.30pm Mon.-Fri., 9am – 12pm Sat.
Note: Please advise us if there are any problems opening or reading any
attachments with this email. Thankyou.
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Submission for the Improvement of Water Quality in Lake Burley Griffin with an Application of Phoslock
Phoslock Water Solutions (PWS) is an Australian company which owns the commercial patent for
®
®
Phoslock . Phoslock is modified bentonite clay that captures and permanently binds dissolved phosphorus
(P) in water bodies forming a inert mineral called Rhabdophane which settles out as a fine sediment. This
®
ensures that the P is no longer available for uptake by algae. Phoslock has been applied to more than 200
water bodies in over 20 countries.
PWS has a very good working knowledge of the environment and is well versed with water quality issues
at Lake Burley Griffin (LBG). In the past, PWS has worked with the National Capital Authority (NCA) in
®
highlighting areas of LBG that require particular attention and suggesting ways that Phoslock can improve
water quality and prevent harmful outbreaks of BGA that have historically negatively impacted LBG water
quality.
In 2009, PWS undertook detailed water column and sediment sampling of LBG with the intention of
delineating areas of stored phosphorus and in order to provide an application/management strategy
(Figure 1). A proposal was presented and submitted to Mr Garry Rake and Mr Peter Clarke of the NCA.
Shortly after the proposal was received, the NCA employed a consultant to undertake a desktop review of
the catchment area to determine catchment and lake management options (which lasted approximately 1
year). One of the options chosen for the short term management of LBG is the installation of 6 water
mixing devices at the cost of approximately $200,000. It is our understanding that these water mixing
devices are yet to be installed.

Figure 1: Coloured dots indicate where PWS undertook sediment sampling in 2009.
In our opinion the water mixers will not address the problem and will have minimal impact on the water body.
The following are a list of disadvantages of using water mixers:
 The mixers do not remove the nutrient that feeds algae (phosphorus); only mixes the water and
moves P to other areas in water body
 The mixers only “treat” the water column, not phosphorus stored in sediment that can be released
 The mixer has a limited mixing zone (depth of mixing has been shown to be only a few meters)
 Aesthetics – the mixer has a permanent presence on surface of lake thereby creating no go zones for
boats, rowing craft and swimmers.
 Biofouling – algae can grow on units (increased maintenance costs)
 Does not inhibit formation of blue-green algae (BGA) blooms and so therefore potential health
hazards to humans and animals, from toxins produced by BGA, still remain
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Mixers re-suspend phosphorus into the water column from fine sediments in shallow lakes making it
available to algae (the water mixing action draws water from deep and pushes it to the surface for
oxygenation) which may result in the oxidisation of heavy metals and macronutrients such as iron
that may cause issues for water quality. For example, re-suspended iron can promote the growth of
certain types of harmful BGA.
®

We believe that the strengths of Phoslock are:













Locks phosphate and breaks the food cycle for algae
Significant and lasting reductions in Blue Green Algae levels (after about 4-6 weeks following
application)
Safe, natural material
Safe to aquatic organisms when applied in correct dosage - proven in published independent ecotox
reports (widely studied by government, university and independent organisations)
Significantly reduces BGA and therefore associated toxins that produce taste, odour and health issues
®
Has an on-going effect whilst the active Phoslock is present within the lake
®
Phoslock forms an “active” layer on the sediment that soaks up phosphorus from the sediment
before it is released into water column therefore preventing blue green algae blooms
Increases Dissolved Oxygen levels (DO) due to significant reduction in the algal biomass
®
Targeted application strategy – Phoslock is applied to water column and sediment specifically
targeting high P zones
Neutralises stored P, from historic inflows, in the sediments to reduce overall releasable P budget in
water body – “re-setting of ecological clock”
Targets potentially toxic BGA and allows natural green algae to re-colonise
Clears the water column – which encourages the natural replenishment of aquatic plants that help
maintain natural nutrient balance in water body
®

Issues that need to be tackled in LBG and how Phoslock can help:

LBG is classed as eutrophic to hypertrophic (bands 3 to 4) water body located in the centre of Canberra.
®
Phoslock will bind excess P in the lake and return the lake to an oligotrophic to mesotrophic (bands 1 to
2) status (Figure 2).

®

Figure 2: The Carlson trophic status of a lake improved over time with the application of Phoslock .


Sections of LBG are frequently closed due to toxin producing algal blooms; dominated by the BGA species
®
Microcystisaeroginosa.Phoslock has previously shown to significantly reduce the amount of
Microcystisaeroginosa in water bodies approximately 4-6 weeks after an application (time for cells to be
depleted of their stored P). The dominance of BGA species such as Microcystisaeroginosa to healthier
®
green algae has been observed after a Phoslock application.

A prime contributor to LBG water quality problems is historically deposited P in the sediments due to early and
continuing rural development and urbanization. Large concentrations of Total Phosphorus in sediments,

Page 84

Report on the state of the watercourses and catchments for Lake Burley Griffin

Submission 23 – Phoslock

particularly in the section of lake receiving inflows from Molonglo River, continually supply phosphorus to algal
®
®
blooms. During an application of Phoslock to a water body, the Phoslock will move through the water
®
column, sequestering free P and locking it into its structure. The Phoslock will then settle to the bottom of the
lake where it will also bind the dissolved P as it releases from the sediments.




Without treatment of sediment, water quality problems will continue to be present due to the large
®
stored concentrations of P in sediment.Phoslock is a sediment capping agent that sits on the top of the
sediment as a fine diffusible layer and will bind phosphorus that is released over time. Once the
®
phosphorus is bound in the Phoslock structure, it will remain permanently captured even with changes in
the pH and dissolved oxygen at the sediment-water interface.
Currently there is no proactive management strategy employed on LBG to remove the phosphorus which
®
is the prime cause of BGA outbreaks. An application of Phoslock to the lake will target the available
phosphorus contained in the sediments as well as in the water column to ensure that phosphorus will be
®
captured in a non-reactive, non-bioavailable form. The permeable reactive layer of Phoslock on the
sediments will ensure that any phosphorus that is released from the sediments in the future will be
®
adsorbed before it fuels blue-green algal cells. Maintenance dosing of Phoslock will be required in order
to maintain the P balance in LBG; however top up dosing is based on the amount of P that annually
®
enters LBG via river and urban runoff inflows. A treatment of Molongolo River with Phoslock should be
also considered as a method of controlling the concentration of P entering LBG and reducing the
application costs to LBG.

For more information please contact:
Dr Sarah Groves – General Manager Technical
Email:
Phone:
Andrew Winks – General Manager Operations
Email:
Phone
Robert Schuitema – Managing Director
Email: enquiries@phoslock.com.au
Phone:

website: www.phoslock.com.au
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From:
Sent:
To:
Subject:
Attachments:

Sargent, Narelle
Wednesday, 28 September 2011 11:51 AM
FW: correspondence on the lake for Commissioner’s inquiry
1394
re lake - attachment.pdf; 1394 letter from
re lake pollution
070411.pdf; 1478 letter from
re lake 180511.pdf; Re: economy and environment;
letter from stanhope to
re yerrabi pond 091110.pdf; 1180 letter to stanhope re water
quality in yerrabi pond 280111.pdf; 1266 letter from stanhope re water quality in yerrabi pond
020311.pdf; 1155 letter to
re sewage spill in lake 180111.pdf; 1234 letter from nca re
sewage in lake 160211.pdf; 1152 letter to
re sewage spill in lake 180111.pdf; 1169 letter
from queanbeyan city council re sewage 250111.pdf; 1151 letter to
re sewage spill
in lake 180111.pdf; 1188 letter from actew re sewage in lake 040211.pdf; 1519 letter to corbell re
epa investigation 010611.pdf; 1511 letter from corbell re epa and queanbeyan sewage 300511.pdf;
1154 letter to kristina keneally re sewage spill in lake 190111.pdf; 1324 letter from nsw deccw re
sewage in lake 210311.pdf

From: Stuart, Laura
Sent: Wednesday, 28 September 2011 11:50 AM
To: Sargent, Narelle
Cc: RATTENBURY
Subject: correspondence on the lake for Commissioner’s inquiry

Dear Narelle,
Please find attached correspondence to and from Shane Rattenbury MLA on the issue of water quality in Lake Burley Griffin
and other lakes in the ACT, provided to the Commissioner by way of a submission to the inquiry.
It includes the following:
· Two letters from constituent
regarding jurisdictional responsibilities, and attachment
· An email from constituent
regarding water quality in Yerrabi Pond, the reply from former Chief Minister
Stanhope, further representation from Mr Rattenbury to Chief Minister Stanhope, and Mr Stanhope’s reply
· Letter to the NCA regarding water quality in the lake, and their reply
· Letter to Queanbeyan City Council regarding water quality in the lake, and their reply
· Letter to ACTEW regarding water quality in the lake, and their reply
· Letter to Minister Corbell regarding EPA monitoring and his reply
· Letter to the NSW government regarding water quality in the lake, and their reply
We hope this information is of some assistance to the investigation.
Kind Regards,
Laura Stuart
Office of Shane Rattenbury MLA
ACT Greens |Speaker
ACT Legislative Assembly
London Circuit |Canberra 2600
www.parliament.act.gov.au
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From:
To: stanhope@act.gov.au
Cc: corbell@act.gov.au; barr@act.gov.au; app.sec@act.gov.au; info@canberraairport.com.au
Sent: Sun, 24 October, 2010 7:24:22 PM
Subject: economy and environment

Dear Mr. Stanhope,
I am writing to you and your ministers for suggestion of improvement some aspects of the
economy and the environment in some areas of the ACT.
1. The expansion of the Canberra Airport to international flight.
While this topic has been through a number of years 'discussed', it has never been actuated at
the Canberra Airport door steps. With the latest news regarding the upgrade of the Airport to
cater for upcoming international flights, I have a brief investigation into the information
available in the Internet only to find a very limited amount is available for such evidence.
Whatever planning or efforts in bringing the international carriers into our city, it does not
seem to be enjoying a high profile at the moment.
My suggestion is rather than looking at the big picture of big airlines finding their way to
Canberra (if it is on their flight path), why doesn't the ACT government in conjunction with
the Canberra Airport negotiate smaller budget airlines, especially those from our Asian
neighbours and pacific rims, to have direct flights with cheaper fares coming from these
Asian destinations to Canberra where passengers can hop on and off creating a real
alternative travel gateway for the South Eastern NSW, Sydney and Canberra regions. Many
budget airlines find it's too expensive to land and park in Sydney and Melbourne major
airports and they are indirectly competing with major airlines which can easily displace them
by some business tactics.
Whilst there are no big airlines to compete with in Canberra, smaller airlines should also, I
hope, enjoy cheaper landing and facility fees at the Canberra Airport. In effect, this will
attract a lot of passengers exploiting cheaper airfares going out and coming into Australia via
Canberra where tourist destinations and populated areas are not too far away by commercial
coaches. This in turn will generate some spin off economies from such activities as more
overnight visitors for Canberra, inter and intra state coaches carrying airline passengers to
and from many parts of NSW and Victoria (forget about the VFT which has been on and off
the agenda for last 30 years) and the establishment of Canberra as a transit visitor hub. But all
these require the Government's leadership and actions together with other industrial supports
and investments.
I really hope that in not too distant future, I don't have to travel relatively expensive to
Sydney to board my plane to the outside world. This is my selfish motive for which I am not
apologising.
2. The pollution of the Gungahlin lakes by the adjoining development
I have moved into the Yerrabi Pond precinct for more than 4 years now. I have seen
throughout these 4 years, the most disgraceful man made environmental sabotages to Yerrabi
Pond in the name of pollution control. When I first moved into this area (or a matter of fact
many years before), I had noticed so much exceptional water clearness of the Pond with no
comparison to any other man-made lakes in the ACT. I was informed by an engineer who
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works with the ACT Planning and Land Authority that this Pond is the best effort and
expended ACT Planning and Development has ever undertaken in their water conservation
and control projects. This is why this lake could enjoy an almost pristine and high quality
water environment. But throughout the years, this lake has been sacrificed in the name of
housing development in the surrounding development sites. Firstly, some 3 years ago, the
water was taken from the lake to support the development activities in Forde during a period
of drought. So much water was drawn from the lake at that time, the water level was
dangerous low exposing many parts of the bottom of lake leading to a severe drying of
seaweed which otherwise had been healthily estimated for years. Now the drought has some
what gone away, but this follows with next rounds of attacks on the lake from sarcastically
too much water running from the vast surrounding building and development sites. While
water alone will do no damage to the lake, but the water carries the unearthed sediments,
piled up in and from the surrounding development areas, which ends up suspending and
settling in the lake. The volume of sediments that comes into the lake is so enormous that has
destroyed the before crystal clear water quality and many of the seaweed foundations on the
bottom of the lake. This lake is now looking like a mud bath than anything else and the
seaweeds are evidently dying along the shores of the lake. This environmental disaster is
created purely by the cost saving measures taken by the developers (and the ACT
Government is part of it), but without any duties of care to the environment. After all, the
Yerrabi Pond is known partly as water pollution control facilities. So on the surface, it is a
way for the lake to swallow all these industrial garbage created as a byproduct for the
prosperity of a few developers. If developers are allowed to engage such kind of commercial
behaviour, I may as well be dumping all of my grass clipping and household rubbish into the
lake in the name of pollution control. There are questions arising from this unethical
engineering practice of digging and piling up all top and sub soils in and around development
sites for the natural course of action to get rid of. Is it a best practice at all in such engineered
removal of top and sub soils from the whole suburbs of area to be established? What kind of
pollution, chemical and physical analyses are currently conducting in the water quality of the
lake and how often to ensure such water environment is safe? What are the impacts on the
down stream river systems in the ACT and larger part of NSW and beyond? Are there any
pollution controls developers can put in place to minimise such environmental sabotages?
After all the average land price in the surrounding areas is well above $350,000, so can any
spare changes from such land sale help with this environmental injustices?
I hope I can get some of these questions answered proper.
With kindest regards,
Resident of Yerrabi Pond.
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LAKE INVESTIGATION: SUBMISSION

From: Richard Sharp
Sent: Thursday, 29 September 2011 10:57 PM
To: EnvComm
Subject: Investigation into the state of the water courses and catchments for Lake Burley Griffin >
Submission ~ Richard Sharp

This message represents my submission with respect to the terms of reference for the
investigation into the state of the water courses and catchments for Lake Burley Griffin.
As an environmental scientist who undertakes studies, develop plans and provides
profressional advice to government and corporate entities concerning the state of water
courses and catchment of Lake Burley Griffin, I ask that the following matters be considered
during the investigation:
1. Why does the EPA not collect all of the water quality data/information being
compiled under an Erosion and Sediment Control Plan that is approved by the EPA
for construction activities within the Lake Burley Grffin catchment?
2. Why does the EPA, when issuing an Environmental Authorisation for a construction
activity in the catchment, not require the authorised party to submit to the EPA all
water quality data/information that is collected under the provisions of the
Environmental Authorisation?
3. Why does the EPA not apply the matters outlined above to other major recreational
waterways such as Lake Ginninderra and Lake Tuggeranong?
-Richard Sharp FEIANZ, CEnvP
Manager - Canberra

nghenvironmental

www.nghenvironmental.com.au
unit 17/27 yallourn street (po box 62) fyshwick ACT 2609 australia
Tel.
Fax. +61 (0)2 6280 9387
Mob.
CONFIDENTIALITY NOTICE This email may contain privileged and/or confidential information. If
you are not the intended recipient of this email you must not disseminate, copy or take action in
reliance on it. If you have received this email in error please notify nghenvironmental by email
immediately and erase all copies of the message and its attachments. The confidential nature of,
and/or privilege in the documents transmitted is not waived or lost as a result of a mistake or error in
transmission.
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EcoPerspectives
Suites 14-15, Baileys Corner, London Circuit &
East Row, Canberra, ACT 2600, Australia
Tel: +61 2 6257 5423
ABN: 94 140 809 383
Email: admin@ecoperspectives.com.au

Website: www.ecoperspectives.com.au

Algal Bioremediation of ACT Waterways:

Reducing Nutrient Pollution in Canberra’s lakes using algae
This note has been produced for consideration by the ACT Commissioner for
Sustainability and the Environment’s investigation into the state of the water courses
and catchments for Lake Burley Griffin.

January 20, 2012
Simon Nash and Salim Mazouz
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1. Potential for Algal Bioremediation of ACT Waterways
Algal bioremediation offers the ACT a potential management solution to improve the
water quality of Canberra’s lakes. In addition, it can create new employment and
business opportunities for the ACT economy and contribute to greenhouse gas
emissions reductions.
Algal bioremediation systems work by utilising algae’s natural ability to remove
pollutants from water.
Algal bioremediation of ACT waterways has the potential to:
•
•
•

reduce nutrient pollution in Canberra’s lakes assisting with the management of wild
blue-green algae outbreaks;
remove CO2 from the air and assist the ACT Government achieve its 40 per cent
greenhouse gas reduction target by 2020; and
produce biomass as a valuable by-product and feedstock into a range of
sustainable products, contributing to the ACT economy by generating employment
and new business opportunities.

The ACT has the opportunity to lead the development of this green technology in
Australia, which has a large and growing market potential internationally. Globally
there is growing demand for technologies to produce biomass, clean up nutrient
pollution and algal blooms affecting waterways and achie atmospheric carbon capture
to help solve the climate crisis.
2. What are Algal Bioremediation Systems?
Algal bioremediation systems utilise algae’s natural ability to remove pollutants from
water. Essentially, algae can be grown and farmed in a controlled system. The algae
feed on the nitrogen and phosphorus in the polluted water, reducing the amount left to
fuel wild algae blooms in waterways.
Algal bioremediation systems have a demonstrated ability to cost-effectively clean
water to a very high quality including removing nitrogen and phosphorous nutrient
pollution. (Sano, Hodges, and Degner, 2005; Adley and Bannon, 2008; Adey, Kangas
and Mulbry, 2011; Adey and Loverland, 2007)
The continual harvesting of algae maintains the system in an accelerated growth
phase, which assists a high rate of pollutant removal. This helps ensure nutrients are
continuously recovered and removed from water flowing through the treatment unit
(Adey et al., 2011, Adey and Loverland, 2007).
Algal bioremediation systems are currently in use across the United States at various
scales and purposes. For example algal bioremediation systems have been
developed to treat domestic and industrial wastewater, urban and agricultural storm
water runoff, urban in-lake restoration, and treating low level nutrient applications such
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as wetlands. (HydroMentia, 2011; Blackrock Algae, 2011; NYC EPA, 2010; Sano,
Hodges, and Degner, 2005; Adey et al., 2008; Adey et al., 2011; Adey et al., 2007;
Mulbry, Kondrad, Pizarro, 2006; AlgaeIndustryMagazine.com, 2010).
An algal bioremediation systems have also been used for many years to treat water in
Australia’s Great Barrier Reef Aquarium in Townsville (Morrissey, Jones and Harriott,
1988; Adley et al., 2007).
Example of an Algal Bioremediation system: Algal Turf Scrubber™
The Algal Turf Scrubber (ATS™) was invented at the Smithsonian Institute, by
scientist Walter Adey in the 1980s as a tool for controlling water quality in highly
diverse model ecosystems. Over the last 30 years ATS™ systems have received
over:
•
•
•

15 years of research and development testing during the 1980’s and 1990s (Adley
et al., 2008);
supported by dozens of experimental studies and hundreds of years of operational
time (i.e., multiple ATS™ over 25 years of operation) (Adley et al., 2008); and
ten-year history of pilot plant construction and operation for water quality control in
the United States (Adley, et al. 2008).

In the late 1990’s the ATS™ technology was commercialised by HydroMentia, a US
based company. HydroMentia has engineered a modulated system capable of scaling
up to removing nutrient pollution from a range of waterways, including lakes, and also
has pilot systems available to help target the design of systems for specific site needs
(Adley et al. 2008, HydroMentia, 2011).
The ATS™ works by pulsing contaminated water across filamentous algae native to
the region of use - that grows on screens (Adey et. al 2011, Adley et. al, 2007). Algae
is harvested every two weeks using a process developed by Hydromentia.
In 2005 the University of Florida tested the ATS™ system against wetlands and found
it to be between 5-100 times more cost efficient at removing nutrients from Everglades
canal waters than a wetland/marsh system (Sano et al., 2005).
The relative size of algal bioremediation systems is also relatively small and
unobtrusive. For example ATS™ systems require only 3-5 percent of the land area of
comparable treatment wetlands (HydroMentia, 2011; Sano et al., 2005).
3. Potential to Improve the Management of Canberra’s Lakes
The high productivity of algae in extracting nutrients helps to clean waterways with
relatively low concentrations of phosphorous and nitrogen – making it a potential
solution for non-point nutrient pollution in Canberra’s lakes. For example algal
bioremediation projects have been used to undertake nutrient scrubbing of agricultural
non-point source pollution in streams, canals and lakes in the US (Adey et al. 2008,
Adey et al. 2011, HydroMentia, 2011).
There is potential to apply an algae-based technology to reduce nutrient pollutant
loads entering Lake Burley Griffin from the different inlets into the lake (i.e. Molonglo
river). The net result would likely be a reduction of in-lake nutrient concentrations,
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improved water clarity, enhanced amenity value of the lake and reduction in natural
blue-green algae outbreaks as a key driver – nutrient loads – will be reduced.
Algal bioremediation systems have also been used across a range of climatic
conditions, and can be operated on a seasonal basis. For example a system is
currently being trialled in New York, where it is temporarily shut down over the winter
months (NYC EPA, 2010). A similar system could be established here in the ACT.
4. Byproduct Potential : Algal Biomass as Feedstock into Several Products
Algal bioremediation systems produce as a by-product valuable algae-based biomass,
useable as a feedstock into various commercial products. Examples of potential
products include:
•

Algae-based slow-release fertilizer. Algal biomass from existing ATS™ units in the
USA are currently used to produce a commercial organic fertilizer/compost
(HydroMentia, 2011).
o The US Agricultural Research Service has undertaken research that has
shown organic fertilizer produced from algae derived from a ATS™ is as
effective as a growth agent as commercial chemical fertilizers (Mulbry et al.,
2006).
o Under the Australian Government’s Carbon Farming Initiative there is
potential to generate carbon credits from offsetting GHG emissions from the
production of conventional fertilizers.

•

Livestock feed. Dried algae is currently being marketed in the USA as an animal
feed (HydroMentia, 2011).

•

Algae-based Biochar. The algal biomass could potentially be converted into
Biochar, which would store the carbon captured by the algae in soils, and can be
sold as a soil enhancer.
o Under this approach, carbon credits could potentially be created under the
Australian Government’s Carbon Farming Initiative.
o This could deliver a system capable of drawing down significant levels of
atmospheric CO2.

•

Biofuels from the harvested algae. The dried algal biomass can be burnt to
produce electricity or refined to produce bio-fuels.
o Algae can be used to produce biofuel-butanol for petrol engines and
biodiesel for diesel engines.
o Algae also has the potential to be burnt directly in certain coal power
stations such as Hazelwood Power Station, offsetting the burning of nonrenewable coal.

5. Economic, Environmental and Social Benefits
Algal bioremediation systems have the potential to deliver the ACT community multiple
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environmental, social and economic benefits.
•

Environmental benefits include reducing nutrient pollution by extracting nitrogen
and phosphorus from Canberra’s lakes, which addresses a key driver of wild bluegreen algae blooms.
o Algal bioremediation systems have also been shown to improve the oxygen
content of treated water, elevate PH levels, remove heavy metals and toxic
organic compounds such as hydrocarbons (Adey et al, 2008; Adey et al.
2011; HydroMentia 2011).

•

Algal bioremediation systems also remove atmospheric CO2 through the growth of
algae biomass (Adey et al. 2008, Adey et al. 2011).
o There is potential to convert the algae to Biochar and produce a stable
product capable of storing the carbon captured by the algae in soils.
o This could deliver a system capable of drawing down significant levels of
atmospheric CO2.
o This could assist the ACT government in meeting its greenhouse gas 40
percent reduction target by 2020.

§

Delivers the ACT community a greater certainty of supply of a clean water
resource. Some of the economic, environmental and social benefits of this include:
o improving the lakes’ amenity value for the Canberra community;
o reducing the adverse health effects of exposure to blue green algae
outbreaks;
o increasing the attractiveness of Canberra for hosting national or international
water events, promoting ACT tourism and providing a stimulus to the ACT
economy.

•

Algal bioremediation of the ACT waterways will assist the ACT economy by
generating employment and new business opportunities from the harvesting and
commercial use of the algal biomass by-product in a range of sustainable products.
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