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Table 4-1 Summary of broad observations in relation to blooms of Anabaenain Lake Trevallyn, and
the possible factors required for bloom establishment, development and persistence
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This document provides a brief review of the data collected as part of the Lake Trevallyn algal
monitoring program for 2013/14. The review also tests the hypotheses of bloom drivers in Lake
Trevallyn presented in the 2010/11 report by Entura (2011).

The scope of the report is to:
I Provide a brief background to the monitoring program;
9 Present the results of the 2013/14 monitoring program;
1 Review the possible drivers of Anabaena circinalislooms in Lake Trevallyn; and

I Provide recommendations for future monitoring.

Lake Trevallyn is a run-of-rivers hydro-electric storage operated by Hydro Tasmania, located on the
lower South Esk River. The majority of water passing through Lake Trevallyn is directed to the
Trevallyn Power Station. Approximately 25% of inflows pass through Cataract Gorge mainly in the
form of spills. The storage is 6 km long, approximately 200 m wide and has an average depth of
around 15 m. It is a relatively small storage, with an area of 1.32 km? and a volume of 12,300 ML. It
receives water from a catchment of 9,535 km? from three major rivers; the South Esk, Macquarie and
Meander Rivers. Water is also delivered to Lake Trevallyn via Great Lake, as part of the South Esk-
Great Lake hydro-electric scheme, via Brumbys Creek and the Macquarie River.

Lake Trevallyn is an important source of drinking water for Launceston, with a TasWater offtake
located at Trevallyn Dam. In addition it is extensively used for recreational activities including
swimming, water skiing, fishing and kayaking, and is supportive of a commercial eel fishery.
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The potentially toxic cyanobacterium Anabaena circinalisecame apparent in bloom
proportions in Lake Trevallyn in January 2007. The bloom persisted until May 2007 and
impacted upon drinking water sourced from Lake Trevallyn by introducing taste and odour
compounds. Though the bloom was found to be non-toxic, it posed health concerns for
recreational users of the lake and required the relocation of a major recreational event to
another location.

In subsequent years (2007/08 — 2010/11), a comprehensive monitoring program was
established by NRM North to detect and act on further blooms, and was maintained with the
support of stakeholders (Hydro Tasmania, Ben Lomond Water, West Tamar Council,
Meander Valley Council, Department of Primary Industries, Parks, Water and Environment,
Department of Health and Human Services). In 2011/12 a reduced monitoring program was
established and in 2012/13, monitoring was scaled back even further. The aims of the
monitoring program were:

 To provide relevant and up-to-date information to stakeholders in relation to the
bloom status and the risks it posed; and

 To determine the major drivers of bloom establishment and maintenance in Lake
Trevallyn.

In addressing the first of these aims, regular updates and advice have been provided each
summer, to allow stakeholders to take necessary actions if warranted (e.g. signage,
notifications in the newspaper, water treatment, toxin testing).

In addressing the second aim, the data from the program has been periodically reviewed to
determine the major physical and chemical drivers of blooms in Lake Trevallyn. The most
recent analysis report was produced in May 2013 (Hydro Tasmania, 2013) and incorporated
the data collected for the previous six monitoring periods. This report continues to address
the second aim by incorporating data collected in the 2013/14 monitoring year to improve
the understanding of causes of Anabaena circinalislooms from year to year.

Following analysis of the 2007/08 and 2008/09, (Hydro Tasmania Consulting 2010), general
drivers of bloom formation in Lake Trevallyn were hypothesised as being: (i) the formation of
stratification, (ii) elevated water temperature (>20°C) and (iii) a source of available
phosphorus.

A refinement of the hypotheses was provided by Entura (2011) based on the additional
available data for the periods 2009/10 and 2010/11.

 Inaddition to strong and persistent thermal stratification, water temperature >20°C
and sufficient phosphate, it is necessary to have a storage residence time sufficiently
high so as to not dilute cell concentrations at a rate greater than their growth
potential. It is hypothesized that this residence time must be in the order of >4-6
days;
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{ For thermal stratification to form, residence time must be in the order of at least 3-4
days. Residence times lower than 3 days appear to be responsible for the
breakdown of thermal stratification.

For the first time, the monitoring program in 2011/12 included in situ continuous water
temperature data which provided an opportunity to assess in more detail the effect of
environmental factors on thermal stratification. A comparison of water temperature data
with air temperature, wind speed and residence time showed that the conditions leading to
the formation of a bloom are not driven by one factor alone. Where possible, the series of
hypotheses proposed in the report by Entura (2011) described as being influential in the
occurrence of an Anabaenabloom at Lake Trevallyn were tested. All showed agreement
except for the hypothesis that ‘residence times lower than three days appear to be
responsible for the breakdown of thermal stratification’. When considered in isolation, this
hypothesis is in question. A comparison of wind speed against water temperature data has
shown that this is an important factor when considering the conditions required for bloom
formation. A hypothesis to include the effect of wind on thermal destratification was
proposed:

1 Increasing wind strength is a significant factor in the breakdown of near-surface
stratification in Lake Trevallyn. The wind speed required to destratify the lake is
likely to be dependent on the strength of stratification and location within the lake.

In 2013/14, in situ water temperature data was recorded at depths of 0.5 m and 1.0 m from
late January. Using the data, the occurrence of weak near surface thermoclines were
assessed but it was not possible to assess the presence of strong persistent thermal
stratification.
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Sampling of Lake Trevallyn has been undertaken at weekly intervals by boat during the
summer and autumn months since 2007/08. The months of December to April have been
the main focus as this is recognised as the likely “bloom season”, however there have been
variations in timing from year to year for a number of reasons (e.g. persistence of the bloom
and suitable sampling conditions).

From 2007/08 to 2010/11, there were six main sites sampled throughout the monitoring
program (Figure 2-1). These sites were termed “Profile Sites” P1 to P6. In addition, when
required, due to the occurrence of elevated cell counts, sampling on behalf of the local
councils was undertaken at “Council Sites” C1 and C2.

Between 2011/12 and 2013/14, only the council sites have been sampled. Overall, the
extent of the monitoring program has been significantly reduced from its first year in
2007/08. As more data on the Lake has been collected, the least valuable components of
the program have been removed, while those which fulfil the ongoing requirements of the
monitoring program have been maintained.

From 2007/08 to 2010/11, sampling of Lake Trevallyn involved undertaking physico-chemical
profile measurements of the water column and the collection of surface to 5 m integrated
water samples and deep water samples for laboratory analysis. Surface samples were sent
to Analytical Services Tasmania (AST) for phytoplankton identification and cell counts,
chlorophyll a determination and nutrient analysis (dissolved and total N and P). Deep water
samples were only analysed for nutrients (dissolved and total N and P). In 2011/12, samples
were only analysed for phytoplankton identification and cell counts. In 2012/13 and
2013/14, samples were analysed to verify the presence of blue-green algae at the National
Centre for Marine Conservation and Resource Sustainability (NCMCRS-UTAS). Where
cyanobacteria was present, samples were sent to AST for analysis of phytoplankton
identification and cell counts.
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On 31 January 2012, a CSIRO owned remote sensor buoy was deployed near the Lake
Trevallyn dam wall and used to monitor in situ water temperature at 1 m intervals starting at
the surface extending down to 10 m. The buoy was later removed when the CSIRO project
finished. InJanuary 2014 a new solar powered telemetry buoy was re-installed.
Unfortunately, only two of the thermistors were working (0.5 m and 1.0 m) during the
monitoring season. The buoy was operated to sample every fifteen minutes.

Data was obtained for river flow from the following monitoring sites to assist in
interpretation of the factors influencing bloom dynamics:

I South Esk River — South Esk River at Perth (DPIPWE site)

I Meander River - Meander River at Strathbridge (DPIPWE site)

1 Macquarie River — Macquarie River above Westmoor (Hydro Tasmania site)
I Brumbys Creek — Brumbys Creek at Weir 3 (Hydro Tasmania site)

In addition, flow residence time was calculated for Lake Trevallyn using known flows leaving
the storage which are the dam riparian release to the South Esk River, flows through the
power station and dam spillage. The storage volume was divided by the average flow of
water leaving Lake Trevallyn to determine the average weekly residence time.

Data on air temperature and wind speed and direction was provided by the Bureau of
Meteorology (BOM) for the Launceston (Ti-Tree Bend) site.
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In this section, a brief update and analysis of the results is presented for the 2013/14
monitoring year.

In November 2013, two large peak flow events occurred in the South Esk and Macquarie
Rivers with flows exceeding 100 m*®s™. This led to higher than average inflows from the
catchment during November (Figure 3-1).

Flows in Brumbys Creek consisted of flow from Poatina power station and natural catchment
flows. In between flood peaks, this site is dominated by flow originating from Poatina Power
Station, and provides a proxy measure of discharge. Flows in Brumbys Creek between
November and December were not as high as the previous year averaging 21 m*s™. From
January to April, flows in Brumbys Creek increased to an average of 35 m®s™, similar to the
flows experienced during the 2011/12 monitoring period.

As a consequence of high natural flows and high power station discharge, the residence time
in Lake Trevallyn was low between November and April (< 4 days). The highest weekly
average of just over four days occurred in early November and the beginning of January
(Figure 3-2).
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Monitoring the water temperature in Lake Trevallyn began in late January at depths of 0.5 m
and 1.0 m. When the buoy was installed from late January water temperatures were
reaching their maximum (24.9 °C) before declining from early February to about 11.5 °C by
the end of April (Figure 3-3). Temperatures remained above 20 °C until 19 February. The
drop in temperature to below 20 °C came much earlier than in 2012/13 when the water
temperature remained above 20 °C until the end of March.

As only data from depths of 0.5 m and 1.0 m were taken during this season’s monitoring, it is
not possible to assess the extent of thermal stratification in the deeper layers of Lake
Trevallyn. However, weak temperature gradients that form in the epilimnion (top-most layer
in a thermally stratified lake) are referred to as near surface thermoclines (Xenopoulos and
Schindler, 2001). Imberger (1985) and Shay and Gregg (1986) have suggested that a
temperature difference of 0.2°C over 1 m is sufficient for a near surface thermocline to form,
while Xenopoulos and Schindler (2001) used a definition of Ty,,— T, 2 0.2 °C to identify the
presence of diurnal thermoclines. Since the temperature sensors were located at depths of
0.5 m and 1.0 m, near surface thermoclines were calculated using Tosm— Tim 2 0.1 °C.

Figure 3-4 shows the water temperature difference between the depths of 0.5 m and 1.0 m.
During the last half of February and beginning of March, the temperature at 1.0 m was
higher than at 0.5 m, hence the negative values shown in Figure 3-4. Using the definition of
Tosm— Tim 2 0.1 °C, near surface thermoclines occurred for 24% of the monitoring period
with 56% of these occurring in the daytime and 44% of these occurring at night®. The near
surface thermoclines occurred frequently in the first half of February and the latter part of
March and early April with the duration of one lasting 7 days (19-26 March). Pernica and

! For the study, daytime was defined as occurring between the hours of 0800h and 1900h
and night-time after 1900h and before 0800h.
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Wells (2012) stated that long periods of near surface stratification occur mainly during

periods of low winds and strong solar heating. Wind speed during this time was lower than
the average recorded for the monitoring period and may have accounted for the persistent
nature of the thermocline (Figure 3-6).
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Using information from Ti-Tree Bend at Launceston, for the period 1 November 2013 to 30
April 2014, a maximum air temperature of 34.6°C was recorded on 14 January (Figure 3-5). A
median maximum air temperature of 22.3°C was recorded for this period and daytime
temperatures were above 20°C for 135 of the 181 days. In previous monitoring seasons
water temperature is observed to follow the pattern of air temperature and in 2013/14 this
is also true. When the buoy was installed from late January water temperatures were likely
to be at their maximum before declining from early February to about 11.5 °C by the end of
April.
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Figure 3-6 shows the daily maximum wind speed during the 2013/14 monitoring season
recorded at Ti-Tree Bend in Launceston using data from the BOM website. During the
2011/12 and 2012/13 monitoring seasons, very similar conditions were experienced, with
the median maximum wind speed being 9.7 m/s for all years. Very strong wind gusts were
recorded in early January 2014 with a maximum speed of 22 m/s. As discussed in Section
3.2, it is likely that any weak, but persistent near surface thermoclines would have coincided
with periods of lower wind speed.
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Water samples were tested for the presence of cyanobacteria at NCMCRS-UTAS following
each sampling event. No evidence of cyanobacteria was found present in the samples. No
bloom occurred during the 2013/14 monitoring program.

The absence of a bloom in 2013/14 is likely to be a result of a number of physical factors that
influence the extent of thermal stratification in Lake Trevallyn. The main conditions during
the monitoring season were:

1 Residence time was low (< 4 days);

I Surface water temperatures were above 20 °C until mid-February;

1 Daytime air temperatures exceeded 20 °C for much of the monitoring period;
1

Wind conditions were similar to previous years.

The absence of Anabaenan 2013/14 supports the current hypothesis that strong or
persistent stratification is a pre-requisite for the formation of a bloom, regardless of
favourable water temperatures.
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Table 4-1 summarises the possible factors required for bloom establishment, development
and persistence for each year for which there is data for Lake Trevallyn on the presence of

AnabaenaThe table has been updated with data from the 2013/14 monitoring period. The
main observations from this year’s monitoring program are:

1 There was no evidence of an Anabaenabloom;
9 Surface water temperatures were approximately 20°C until mid-February;
9 Due to high flows in the Macquarie and South Esk Rivers, residence time averaged
3.3 days between December and April.
Water . Residence Flow
Early and Nutrient time
. . temp e . (cumecs)
Year Bloom description persistent . availability (median .
stratification consistently (phosphate) for Dec- (median
>20°C phosp Dec-Apr)
Apr)
Large bloom known to
be present from Feb Not Not
2007 ibl N Mid-High
2006/07 007 but pos§|b ¥ measured measured ot measured id-Hig 20
present earlier (7.4 d)
Persistent
High concentration
Large bloom High P availability
Early establishment Yes early Mid
2007 Y, 21
007/08 Persistent es Jan-Mar Pulses through (6.2d)
High concentration summer
Occasionally
Moderate bloom No above detectable
Late establishment Short lived Yes limits in Feb and High
2008/09 Short lived ; Mid Jan- March & 14
. . periods of . (9.5d)
Highest concentration - mid Mar Generally small
stratification .
at P5 pulses in upper
storage (P5)
Above detectable
No bloom . .
. limits (available)
Low cell concentration Yes for much of the Low
2009/10 Peak in January Yes o 35
. Dec-Mar monitoring (4.0d)
Concentration eriod
subsequently declined P
Above detectable
limits (available)
2010/11 No bloom No No for much of the Vfgyng)W 65
monitoring ’
period
No Yes Low
2011/12 No bloom Short lived Dec-Jan and Not measured 39
. ; (3.3d)
periods of mid Feb —
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Residence
Water . . Flow
Early and tem Nutrient time (cumecs)
Year Bloom description persistent . P availability (median R
stratification consistently (phosphate) for Dec- (median
>20°C phosp Dec-Apr)
Apr)
stratification end Feb
Not Low
2012/13 No bloom measured Yes Not measured (3.1d) 45
Yes
2013/14 No bloom Not Jan —mid Not measured Low 41
measured Feb (3.3d)

As discussed in the report by Hydro Tasmania (2012), there are a number of variables
involved in the thermal dynamics of Lake Trevallyn. All of these factors play an important
role in the presence or absence of a bloom with some factors playing a more dominant role
at different times to others. The cumulative effects of a number of factors e.g. high
temperature, reduced flow, low wind speed will have the greatest impact. The absence of a
bloom this year supports the hypothesis that thermal stratification is an essential driving
factor in the development of blooms in Lake Trevallyn. This statement is also supported by
the fact that no Anabaenabloom has been observed during the last five monitoring seasons
and the consistent feature during each year was high flows and a resulting low residence
time.

In the report by Hydro Tasmania (2013), it was suggested that flows less than 35 m”s™ poses
the greatest risk to a bloom occurring in Lake Trevallyn during the summer months. The
results from 2013/14 support this suggestion and highlights the importance of monitoring
flow rate during the warmer months to determine the likelihood of a bloom forming.
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The absence of a bloom in Lake Trevallyn this year suggests that the reasonably high flow
from the catchment and Poatina Power Station and therefore low residence time was the
major factor in preventing a bloom to occur.

The last five monitoring years have revealed no indication of an Anabaenabloom in Lake
Trevallyn. It is recommended to maintain the current monitoring program, while still
providing relevant and up-to-date information to stakeholders in relation to the bloom
status and the risks posed.

To assist with advanced warning of an Anabaenabloom, monitoring the flow rate and
telemetry of the calculated residence time in Lake Trevallyn should continue.

The re-installation of the water temperature buoy at Lake Trevallyn dam site will provide
continuous in-situ temperature profile data between 0 and 10 meter depth to determine the
extent of stratification.

It is recommended that as part of any future monitoring program, a comparison of water
temperature dynamics against wind speed is included to assess the impact of wind speed on
the strength and persistence of thermal stratification and the ability of wind to breakdown
stronger stratification.

Monitoring actions for 2014/15 will be discussed at the next Trevallyn Working Group
planned for later in the year. The monitoring program conducted in 2013/14 is
recommended to continue for 2014/15 including the re-installation of the buoy to allow for
monitoring of in-situ continuous water temperature profile data between the surface and 10
meters.
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