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Attachment 1 - Mannus Lake Blue-Green Algae Management Policy - SVC-ENG-P0O-078-01
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Number & Version SVC-ENG-PO-078-01
Policy Owner Asset Planning and Design
Approval by Council — 20 February 2020
Effective date 20 February 2020
Date for review October 2020

1. STRATEGIC PURPOSE

This policy guides Snowy Valleys Council's (Council) management and response to Blue
Green Algae (BGA) outbreaks in Mannus Lake, recognising and minimising the impact of
algal blooms on recreational use of the lake and the downstream water users and aquatic
life.

2. POLICY STATEMENT

Council is committed to the effective management of algal blooms in Mannus Lake, which
protects public health and meets the National Health and Medical Research Council
Guidelines for Managing Risk in Recreational Water.

Council is required to manage algal blooms under approval conditions for the operation of
Mannus Lake. The Department of Industry: Water (DOI: Water) Condition 34 of Council's
approval to operate Mannus Lake (Lot 2 //608847) states:

If an algal scum is visually observed, the approval holder (Snowy Valleys Council)
must undertake water sampling and testing. If the analysis reveals toxic levels, the
approval holder must erect appropriate warning signs and provide the NSW Office of
Water with a copy of water testing results.

This policy is used to determine the general response levels and the actions required during
an algal bloom in Mannus Lake.

3. DEFINITIONS

Cyanobacteria Bacterial photosynthetic autotrophs that form a common and naturally occurring
(BGA) component of most-aquatic ecosystems. These bacteria are a concern for
public health, as some types produce toxins that have harmful effects on
tissues, cells or organisms.

Operational A planned sequence of measurements and observations to assess and confirm

Monitoring that individual barriers and preventative strategies are functioning properly and
effectively.
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Hazard A source of potential harm or a situation with a potential to cause harm; that can
exist as a biological, chemical or physical agent.
RACC Regional Algal Coordinating Committee (WaterNSW).
NATA National Association of Testing Authorities
4. CONTENT

4.1 Identifying and Responding to a BGA Bloom

A BGA bloom requires a quick, efficient and well-planned response to communicate to
affected communities the presence and caution necessary relating to BGA.

Council undertakes sampling, as part of operational monitoring, for the purposes of
identifying BGA species and cell counts. Algal species, cell counts and biovolumes are
reported along with the total cell count for potentially toxic species.

A total biovolume greater than 0.04 mm3/L raises an exception which Council uses to
establish a response level (See Section 4.2). The Algal bloom action plan summarises the
actions required for each response level (See Section 4.3)

The identification of the BGA species is important as in enables a targeted response and a
more accurate assessment of potential toxicity. After a bloom is controlled, Council will
review the response effort.

4.2 Classification of Response Levels

Response is based on a three-tier alert level framework, which is a monitoring and
management action sequence that Council uses for a graduated response to the onset and
progress of cyanobacterial bloom in Mannus Lake. Council uses representative sampling for
monitoring purposes.

Potential Toxin Producer (PTP) biovolume are the primary assessment criterion. The alert
levels are shown in Table 1.

Algal blooms will be monitored in Mannus Lake by Council. The development of a BGA
bloom is related to water temperature, nutrient levels and the stratification of water within the
lake.

4.3 Response Level Flow Chart

Figure 1 shows the general sequence of actions required to determine the BGA response
level and the corresponding actions.

Alerts may be downgraded to the Green level when two consecutive samples meet the
requirements for a Green level. The recovery procedure is then to be applied when the BGA
bloom has subsided.

This approach allows for a staged response to the presence of cyanobacteria in recreational
waters, as it links the results from the monitoring program with the actions in the different
alert levels. The alert levels signal the potential for hazard and the appropriate actions, such
as additional sampling and eventual warning to users, when a guideline value is exceeded.
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Table 1 Response Levels and Actions (Summary)

il e (L Red Level (Action Mode)

Mode)
2 500 to < 5000 cells/mL | = 5000 to < 50,000 2 50000 cells/mL M.
M. aeruginosa; cells/mL M. aeruginosa aeruginosa
Or Or Or
*Biovolume equivalent *Biovolume equivalent of | *Biovolume equivalent of > 4
of > 0.04 to <0.4 mm3/L | > 0.4 to <4 mm3/L for the | mm3/L for the combined total
for the combined total or | combined total or all or all cyanobacteria, where a
all cyanobacteria. cyanobacteria, where a known PTP is dominant in the
known PTP is dominant in | total biovolume (75% or more
the total biovolume (75% | of total biovolume)
or more of total Or
biovolume) Biovolume equivalent of > 10
Or mm3/L for the combined total
Biovolume equivalent of | or all cyanobacteria, where
> (0.4 to < 10 mm3/L for known PTPs are not present.
the combined total or all Monitoring Requirements:
cyanobacteria, where Warning to be issued that the
known PTPs are not water body is considered
present. unsafe for primary contact
recreation.
Monitoring Monitoring Monitoring Requirements:
Requirements: Requirements: Increase | As per Amber. Warning to be
Routine sampling to sampling to enable the issued, indicating that the
measure cyanobacteria | risks to users to be more | water body is considered
levels. accurately assessed. unsafe for primary contact
recreation, domestic and stock
use.

4.4 Management

Providing adequate information to the public on the cyanobacterial risk associated with
Mannus Lake is important. It allows the public to avoid the hazard and to understand the
symptoms potentially caused by exposure and identify their cause.

Warnings to the public may be provided through local news media, Facebook, Council's
website and warning signage adjacent to the affected areas.

Additional management options may include:

s Council liaise NSW Fisheries and WaterNSW to implement alternative management
options, such as increasing water discharge from the lake above the minimum
licence requirements; this could be addressed as a variation to the operating licence;

* Council may develop of a long-term management strategy to improve the quality of
water entering the lake, with a focus on information to assist landowners to protect
the water courses on their land, reduce runoff into the creeks and damage to riparian
zones. Working groups or a Section 355 committee may be appropriate.

Note: Local Land Services (LLS) may be able to assist farmers with nutrient
management and erosion control options.
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4.5 Monitoring Techniques

Regular monitoring of Mannus Lake, and adjacent creeks, allows for the effective
management of a BGA outbreak through early detection. Any change that occurs, affecting
the appearance and odour of the lake, coupled with current seasonal and weather
conditions, could represent the initial stages of an algal bloom.

Council will monitor Mannus Lake for algal growth annually, with extra sampling between the
months of October through to March. Sampling will be undertaken in Mannus Lake, with
limited sampling in adjacent creeks in response to increasing algae presence in the lake™*.

Monitoring will be achieved through a variety of measures:

s« Collecting samples and having them tested for BGA presence;

¢ Visual monitoring for the presence of small algal colonies floating on the surface of the
lake, the colour of the water and/or the presence of a film on the surface;

¢ Awareness of past, present and forecast weather conditions;

¢« Operator performing an odour based assessment, for example, earthy, musty and
grassy type odours represent certain species of BGA.

« All persons involved in the monitoring process should be appropriately trained and have
a good understanding of the process and methods used to monitor the Lake.

The procedure for collecting the sample is set out below:

s The operator must take the sample from the same location, at the same site, each time;
samples are collected from just below the surface of the water;

« The samples must be sent away the same day as collection occurs, to prevent the
degradation of the algae;

The results received will be used to determine the Response Level and the actions required.

Council will engage a National Association of Testing Authorities (NATA) accredited
laboratory to perform testing services involving the identification and enumeration of blue
green algae species.

The NATA accredited laboratory will report cell counts for potentially toxic species, from
which Council will determine the classification and thus determine an appropriate Alert level
response. Where a red level is reached, concurrence with WaterNSW is required.

Council will notify relevant landholders that may be affected by the contaminated water and
publish all water alert levels on its website under the Environmental Monitoring page.

It should be understood that the initiation and subsequent lifting of a red alert is in response
to algae sampling in Mannus Lake and not any sampling undertaken in the adjacent creeks.

*Sampling, in limited locations in the adjacent creeks, is undertaken to assess the extent of
an algae bloom and to provide limited information to nearby landholders. Given the variability
in creek conditions and local runoff, landholders should undertake their own water quality
monitoring where appropriate.

NSW DPI Agriculture provides information regarding farm water quality and treatment
options. Local Land Services (LLS) may be of some assistance too.

Although Mannus Lake may be clear of a red alert, local creek conditions can be very
different from those at the limited sampling locations.

4.6 Warning Signage
The posting of warning signs during a bloom is an appropriate method advising water users
that the water contact is to be avoided and of the alert level.
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Where a red alert level is reached, Council will erect warning signs at appropriate places.
These signs will be located at public access points where they are most obvious to user
groups.

4.7 Alternative Water Sources

Subject to satisfying eligibility requirements, Council will provide limited water for domestic
and stock use to directly affected landholders, including those at the lake and downstream;
application forms are available on Council's website.

This water is provided under Section 356 of the Local Government Act.
5. RESPONSIBILITIES /ACCOUNTABILITIES

Councillors
Councillors are responsible for:

» Reviewing and approving the Mannus Lake Blue-Green Algae Management Policy, as
required;

* Reviewing and approving Council’s budget annually;

+ The overall responsibility for management of Mannus Lake incidents; however, this
responsibility is delegated to the relevant director or employees.

Council Executive — General Manager and Director Assets and Infrastructure

Overall responsibility for management and resourcing of the water and infrastructure works
departments.

All Managers and Employees

Council employees involved in the operational monitoring of Mannus Lake outflow release
are responsible for understanding, implementing, maintaining and continuously improving
the Mannus Lake BGA management.

In accordance with Section 356 of the Local Government Act 1993, Council will supply and
deliver potable water to affected downstream residents who have no alternative domestic
water source. This supply will be capped at 13kL per fortnight per household.

Council has the right to review, vary or revoke this policy.
6. ASSOCIATED LEGISLATION
The Department of Industry: Water (DOI: Water) Condition 34
The Department of Industry: Water (DOI: Water) Blue-Green Algae Management Protocols -
ggj:?ion 356 of the Local Government Act 1993
7. ASSOCIATED COUNCIL DOCUMENTS

Mannus Lake Blue Algae Event Assistance Application Form — SVC-ENF-F-123
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Figure 1: Basic Mannus Lake BGA Action Plan
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Attachment 2 - UTS Report September 2022 Mannus Lake Cyanobacteria Study

Mannus Lake cyanobacteria study — monitoring of
stratification, nutrients and phytoplankton and

determining the effectiveness of mixer

September 2022

Professor Simon Mitrovic
Dr Jordan Facey

Angelica Geisler-Edge

Freshwater and Estuarine Research Group
University of Technology Sydney

Simon.Mitrovic@uts.edu.au
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Summary

Algal blooms of potentially toxic cyanobacteria have been an issue at Mannus Lake and blooms
formed in the summers from 2017/18 to 2019/20. Thermal stratification has been identified as
an important factor influencing blooms and mixing of the lake was suggested as a management
option. A mixer was installed in December 2019 at Mannus Lake while a bloom was present and
this did not reduce this bloom. In the 2 subsequent summers 2020/21 and 2021/22 no red alert
level algal blooms have occurred. The influence of the mixer on this reduction is not yet clear as
these years have also been wet with considerable inflow events to the lake influencing mixing
events and lake flushing. Inflows were much higher in magnitude and more frequent in the
summers of 2020-21 and especially 2021-22 compared to previous years due to above average
rainfall resulting from La Nina weather patterns. Thermistor chain data suggests that the mixer
is not stopping the formation of strong thermal and dissolved oxygen stratification as
stratification formed for brief periods between mixing events. However, other mechanisms
such as circulation of algal cells through the water column of the lake may influence algal
growth. With 3 more years of monitoring planned it should become clear as to whether the
mixer is working as a summer with few inflows is required to better understand the

performance of the mixer at reducing algal blooms.

Background

Mannus Lake underwent a series of severe cyanobacterial (blue-green algal) blooms, affecting
the water quality of the lake and downstream Mannus Creek. Dense blooms were first reported
in late 2017 and recurred in subsequent summers. The potentially toxic Chrysosporum

ovalisporum is the dominant species during these events, while Microcystis sp., Woronichinia
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sp. and Dolichospermum sp. have also been observed in high concentrations on occasions. UTS
were engaged by Snowy Valleys Council to study the blooms to determine the causes and
possible management solutions. Several factors were identified that are likely contributing to
the formation of the bloom. Thermal stratification, a separation of the water column due to
differences in temperature, occurs over summer in the dam. These conditions appear to favour
cyanobacteria who can regulate their buoyancy in the water column. Chrysosporum
ovalisporum appears to be particularly successful under these conditions. Thermal stratification
also leads to anoxic conditions in the bottom water and release of sediment-bound nutrients.
These nutrients can increase in concentration when the water column mixes (due to rain, wind
action or an inflow event) following a period of extended stratification. In the summers of 2017-
2019 extended periods of stratification were observed, and the water column consistently re-
stratified after mixing events. This combination of adequate nutrients and strong thermal
stratification may have provided the right niche for the toxic cyanobacteria Chrysosporum

ovalisporum to flourish.

Given that thermal stratification of the water column is a key factor in stimulating the bloom, a
possible management approach is to artificially mix the water column with a propeller, air
curtain ar pump. This needs to be done to a level where it stops stratification from forming and
reduces the ability of cyanobacteria to float to the water surface. It can also reduce anoxia in
the bottom waters and subsequent nutrient release from sediments. In December 2019, a
mixer was installed at Mannus Lake by which time a cyanobacterial bloom had already formed.
UTS was again engaged in December to monitor the bloom dynamics and evaluate the
effectiveness of the mixer. Early observations of the mixer indicate that thermal stratification
was still forming. Given that the mixer was not showing desired performance initially, the
position of the mixer was adjusted based on the bathymetry of the lake. This report addresses
the state of Mannus Lake through 2021-22 and also within the context of previous years. The

effectiveness of the mixer in reducing thermal stratification is discussed.

Cyanobacterial growth
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Algal samples have been taken regularly from the dam at both the Outlet and near the Pontoon (mid-
dam) since November 2018. Cyanobacteria are not typically present in the cooler months, but
dominated the phytoplankton community in the summers of 2018-19 and 2019-20 (Figure 1). The
magnitude of these blooms were very large at both sites, reaching biovolumes of >75 mm?/L,
representing a threat to public health. However in the summers of 2020-21 and 2021-22 cyanobacteria

were present in small biovolumes and did not reach recreational guideline red alert levels.
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Figure 1. Biovolume of various phytoplankton groups throughout the sampling period. The blue

colour represents cyanobacteria.

As discussed in previous reports, Chrysosporum ovalisporum is typically dominant from December to
February under thermally stratified conditions. Following the breakdown of strong stratification,
Microcystis and Woronichinia can dominate. In the summers of 2020-21 and 2021-22, Chrysosporum
biovolume remained negligible. Microcystis was present at times but at significantly lower numbers than

in the summers of 2018-19 and 2019-20 (Figure 2).
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Figure 2: Growth of total cyanobacteria and individual species throughout the study period at

Mannus Lake.

Thermal stratification

Thermistor data has been presented from the Outlet site, as this is the deepest and most likely to
undergo stratification. It is also closest to the mixer so most accurately examines the efficacy of the unit
in mixing the reservoir. Data is recorded every 30 minutes and at 1 m intervals. Thermal stratification is
indicated by a change in colour with greater depth in Figure 3. Figures 4 and 5 display thermal
stratification in more detail, with a greater gradient of water temperature indicating stratification.
Thermal stratification broke down repeatedly throughout the warmer months of 2021-22 (Figures 3, 4,
5). However following mixing events the water column appeared to restratify for short periods during
the summer. It is likely that these periods of re-stratification were not long enough in duration for
positively buoyant genera such as Chrysosporum to reach high densities. This provides further evidence

that Chrysosporum is predominantly successful under persistently stratified conditions.
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Figure 3: Temperature profile of Mannus Lake at the Outlet
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Figure 4: Detailed illustration of thermal stratification at Outlet during whole study period.
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Figure 5: Detailed illustration of thermal stratification at Outlet in latest summer 2021/22. Blue

arrows indicate periods when the water column mixed fully or partially.

There were notable differences in the trends of weather data (average daily temperature and rainfall)
(Figure 6) and high inflows (Figure 7) in 2021-22 compared to previous years when blooms occurred.
High inflows from Mannus Creek consistently corresponded with mixing of Mannus Lake. Inflows were
much higher in magnitude and more frequent in the summers of 2020-21 and especially 2021-22,
compared to previous years. Six flow events greater than 1000 ML/d occurred during 2021/2022 and
several greater than 500 ML/d occurred in 2020/21 compared to almost no large events from 2017/18-
2019/20 (one occurred through winter). This was due to above average rainfall resulting from La Nina
weather patterns (Figure 6). Mixing events coincided with inflows from Mannus Creek >150 ML/d.
Maximum summer temperatures were also notably lower than previous years, likely contributing to the

reduced prevalence of persistent thermal stratification.
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Figure 7: Discharge from upstream Mannus Creek at Yarramundi gauging station.

11.1 MANNUS LAKE BLUE-GREEN ALGAE MANAGEMENT - ATTACHMENTS

Page 277



Snowy Valleys Council Ordinary Meeting - Attachments Agenda Thursday, 20 February 2025

Dissolved oxygen was measured at the surface and bottom of the Outlet site where thermal
stratification is typically the strongest. Often during thermal stratification, anoxia (a lack of oxygen)
develops at the sediment-water interface and in the bottom waters. This occurs because no light is
being transmitted into the bottom waters and photosynthesis cannot occur, instead heterotrophic
processes dominate. This can threaten fish species when anoxia spreads to the surface water following a
mixing event, or overnight when algae respire (use oxygen). Anoxia did occur occasionally during 2021-
22. Despite frequent mixing events, persistent stratification did occur for shorter periods. The high
frequency of inflow events likely brought a high organic carbon load into the lake which may have
stimulated heterotrophic bacterial productivity. This may also have contributed to the fluctuations in

oxygen level.

20
18
16
14
12

10

Dissolved Oxygen (mg/L)

23/01/2020
13/02/2020
05/03/2020
26/03/2020
16/04/2020
07/05/2020
28/05/2020
18/06/2020
29/10/20
08/11/2020
19/11/20
29/11/20
10/12/2020
20/12/20
31/12/20
10/01/2021
21/01/21
31/01/21
11/02/2021
21/02/21
04/03/2021
14/03/21
25/03/21
04/04/2021
15/04/21
25/04/21
06/05/2021
16/05/21
06/10/2021
27/10/21
17/11/21
08/12/2021
29/12/21
19/01/22
09/02/2022

Figure 8: Daily average dissolved oxygen concentrations at the Outlet site. Bottom water

concentration is the black line, surface water concentration is the blue line.
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Nutrients

Dissolved oxygen concentration can also indicate when nutrients may be released from sediments.
Persistent anoxic conditions in the bottom waters can cause nutrients stored in the sediments to be
released into the overlying bottom waters. The released nutrients are generally held within the dense
bottom water and separated from the less dense warmer waters by a zone of rapid temperature change
(known as the thermocline). Nutrients can leak into surface waters during stratification or ‘upwell’ into
surface waters when mixing events occur. This increases the availability of nutrients to cyanobacteria

which are concentrated in the surface waters.

As the Outlet site is the deepest, it is the most likely to undergo thermal stratification and subsequent
nutrient release from anoxic sediments. There were no notable differences between nitrate and
phosphate concentrations in surface and bottom waters in 2021-22 (Figure 9), suggesting that the
sediments are not a large source of these nutrients, even during anoxia. However ammonia (a highly
bioavailable form of nitrogen) was notably high during January 2022 when anoxia was present at the
water-sediment interface. This trend also occurred at the Mid-Dam site but was less pronounced, likely
due to its lesser depth and tendency for the water column to mix. There was no evidence of sediment
|loading of nitrate or phosphate at the Mid-Dam site in the |atest study period. At both sites, the
concentrations of phosphorus (the key limiting nutrient for algal growth) was less than 20 ug/L on all
sampling occasions in 2020. These levels are moderate. Concentrations may have been slightly elevated
due to the regular inflow events. Although, given the small size of the dam relative to the size of the
inflows nutrients likely had a short residence time in the lake. Mannus Creek continued to have
generally higher levels of nitrate compared to Munderoo Creek. Conversely, Munderoo Creek has
notably higher concentrations of phosphate. This likely reflects different land-use characteristics in the
catchments of the creeks. Nutrient concentrations in the creeks were within a similar range to Mannus

Lake.
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Figure 9: Nutrient concentrations in the surface (black line) and bottom (grey line). At the Creek sites the
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black line corresponds to Mannus Creek and the grey line to Munderoo Creek.

Effectiveness of the Mixer

Cyanobacterial blooms were not observed during the summers of 2020-21 and 2021-22. This was likely
due to decreased thermal stratification (length of periods and strength) compared to previous summers.
However, during this period mixing events coincided with more frequent inflows from Mannus Creek. In
between these inflows persistent stratification re-established consistently between December and
February. We would expect that after a weather or inflow-driven mixing event the unit would have
maintained the mixed conditions if its objective was to fully mix the water column. This does not appear
to be occurring. This indicates that the breakdown of stratification and suppression of the
cyanobacterial population was most likely due to high inflows as opposed to the mixer. The
repositioning of the mixer to a new location in December 2020 has not appeared to improve
performance, and stratification was observed nearby the mixer during sampling events and from the
thermistor chain. Low nutrient concentrations may have also contributed to the low cyanobacterial
biomass. Based on data collected after the unit was repositioned closer to the dam Qutlet in December
2020, the effectiveness of the mixer in breaking down thermal stratification appears to be limited.
However the mixer may have other benefits such as circulating cyanobacteria and other algae through
depth in the water column or reducing surface water temperatures. The following three summers of
monitoring will give a better understanding of the performance of the mixer at reducing toxic

cyanobacterial blooms as a year with fewer inflows is required.
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