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Summary

This report provides a descriptive examination of the results of the first nine months of the
Namoi Bloom Flushing study, a component of the Integrated Monitoring of Environmental
Flows (IMEF) Program. Cyanobacteria, the so called blue-green algae, and other algae were
sampled from November 1998 to September 1999 using tube samplers at four weir sites in
the Namoi catchment, two on the Namoi River and two on Pian Creek. There were no blue-
green algal blooms at the study sites within the study period, although the numbers of blue-
green algae were within the high range at Dundee Weir on Pian Creek on several occasions
over the summer period. Blue-green algal numbers were in the low or medium range at all
other sites examined.

Correlation analysis showed increasing flows were positively correlated with slightly
increasing numbers of blue-green algae, at the 5% level of significance. This result is based
on the correlation analyses of flow and low numbers of blue green algae, not in the range
associated with blooms. Blue-green algae were also positively correlated with surface water
temperature at all sites. These results indicate blue-green algae are responding to factors
other than flow, for example water temperature or increased greater light availability caused
by longer day length in summer. For this reason, the positive correlation between increases
in flow and increases in blue-green algae should be considered in context. The higher flows
recorded in summer are a consequence of flows released from Keepit Dam for irrigation
purposes. These higher flows did not flush blue-green and other algae from the weir pools.
In April 1999 a major natural flow event did flush the blue-green and other algae from the weir
pools. This flow event was caused by heavy rainfall in the Mooki River and Coxs Creek
catchments.

The intended hydrological modelling using the integrated quality and quantity model (IQQM),
developed by the DLWC, will enable actual flow regimes under flow rules to be compared with
modelled regimes without these rules, that is with simulated natural flows. At the time this
report was completed the IQQM modelling was not available.

To obtain a thorough understanding of the flushing effects of flow on the blue-green and other
algae in weir pools, flows need to be defined in terms of retention time and water velocity
through the weir pool. For this reason, several proposed modifications to this project are
being evaluated. One approach being considered is the deployment of thermistor chains at
several sites to monitor stratification on a continuous basis. This would allow site-specific
relationships between flow, stratification and algal numbers to be investigated. Site-specific
investigation of the flows required to remove stratification would also be possible. The options
for an IQQM-style ecological model to analyse the complex interactions between flows,
stratification and algal dynamics are also being evaluated.
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Introduction

Since the construction of Keepit Dam on the Namoi River near Tamworth, flows in the Namoi
have been regulated. The regulation of flows in the Namoi River has had significant effects
on its ecological processes. One effect resulting from the altered flow regimes has been the
sporadic development of blooms of cyanobacteria, the so-called blue-green algae. Although
detailed data are not available, there have been reports of algal and cyanobacterial blooms in
summer months, particularly in the weir pools of the lower Namoi River and in Pian Creek.
These blooms are hazardous to human and animal health and cause discolouration of the
waterbody making it unsuitable for drinking, stock, and recreational use.

This study examines the results of the first nine months of the Namoi River Bloom Flushing
study, part of the Integrated Monitoring of Environmental Flows Program (IMEF), and was
designed to test IMEF Hypothesis 3N - Flushing blooms:

Protecting or restoring a portion of freshes and high flows and otherwise
maintaining natural flow variability (RFO 3 and RFO 6) through off-allocation use
restrictions and dam releases will flush algal and cyanobacterial blooms from the
water column, making blooms less prevalent.

To test hypothesis 3N algal populations at four weir sites in the Namoi system were studied,
two on the Namoi River and two on Pian Creek, and the effects of flows on algal populations
were analysed. Sampling was conducted weekly in summer, fortnightly in autumn and spring
and monthly in winter. Physical variables (temperature, turbidity, depth, flow) and chemical
variables (pH, dissolved oxygen, conductivity, total nitrogen (TN), total phosphorous (TP), and
dissolved reactive phosphorous (DRP)) were also measured. Relationships between the total
numbers of blue-green algae and total non-blue-green-algae and the physical and chemical
data were analysed using correlation analysis.

The intended hydrological modelling using the integrated quality and quantity model (IQQM),
developed by the DLWC, will enable actual flow regimes under flow rules to be compared with
modelled regimes without these rules, that is with simulated natural flows. The ecological
response models produced through IMEF will then be used to infer the ecological
consequences of the rules.

1998/99 Environmental Flow Rules for the Namoi Valley

The 1998/99 recommended environmental flow rules for the Namoi Valley (DLWC 1998) are
outlined here for reference. These rules were expanded slightly in 1999/2000.

Rule 1: A maximum annual off allocation diversion of water in the Namoi Regulated
system of 110 000 ML.

Rule 2: Retention of the Interim North West Unregulated Flow Management Plan.
This ensures minimum flow for protection of basic river health and protection of high
flow for algal suppression and fish migration.

Rule 3: 50:50 sharing of unregulated flows, with off -allocation being declared
according to the following thresholds:

a) If the available water for irrigation exceeds the valley equivalent of 35% announced
allocation, then off-allocation access to be as follows:

1 Aug to 31 Dec - starts at 5000 ML/day and stops at 3000 ML/day @ Narrabri;

1 Jan to 31 Jan - starts at 4000 ML/day and stops at 2000 ML/day @ Narrabri; and

1 Feb to 31 Jul - starts at 2000 ML/day and stops at 1000 ML/day @ Narrabri.

b) If the available water for irrigation is less than or equal to the valley equivalent of 35%
announced allocation, then off-allocation access to be when Narrabri flow exceeds 500
ML/day.

Existing river management and operational practices will be modified as necessary to
accommodate the Namoi RMC recommended rules.
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At the time of this study, the Integrated Monitoring of Environmental Flows (IMEF) program
was in an early stage of implementation, with investigations focused on testing specific
ecological hypotheses associated with environmental flow rules across several regulated river
valleys in New South Wales (DLWC 2001). Initial outputs were largely descriptive and
exploratory, with limited capacity to quantitatively link flow delivery to ecological response due
to short data records and incomplete modelling frameworks (DLWC 2001).

Materials and Methods

The materials and methods for this project are described in full in the Integrated Monitoring of
Environmental Flows Project Method Manual Version 6.

This study contributes to IMEF hypothesis testing relating to algal dynamics and ecosystem
response to flow variability, complementing parallel investigations in other valleys examining
related ecological processes (DLWC 2001).

Sampling Sites

The sites selected for this project were weir pools that were part of or located near existing
sampling programs, to minimise resource and time requirements. This approach will enable
IMEF Bloom Flushing data to be linked to those of other programs and to any available
historical data.

Table 1: IMEF Namoi Bloom Flushing 1998/99 sites.

Site Name Site Number Easting Northing
Namoi River at Gunidgera Weir 419060 734500 6656200
Namoi River at Mollee Weir 419062 759700 6648600
Pian Creek at Greylands Weir 41910201 701000 6663600
Pian Creek at Dundee Weir 41910202 669100 6689200

Field Methods

An aluminium boat was used to reach the thalweg (deepest point) 100m upstream from the
weir wall at each site. Water temperature, pH, conductivity, turbidity and dissolved oxygen
were measured at the surface of each site where the algal samples were collected, using a
Horiba U 10 Water Checker. These variables were also measured as a profile at the thalweg
of the weir pool at depth intervals of 1.5m. Maximum depth of the thalweg was also recorded.
Algal samples were collected using an integrated tube sampler, 1.5m in length, with an
internal diameter of 0.025m (25mm). All algal samples were preserved with Lugols lodine.
The algal sampling method deviated from the IMEF method 12, in steps 7 and 8. The three
algal subsamples were collected from points along a transect that extended at right angles to
the bank across the pool, 100m upstream from the weir wall, instead of longitudinally from the
weir wall, as specified in IMEF method 12.

Laboratory Methods

All laboratory analyses were completed by DLWC’s Water Environment Laboratory (WEL) at
Arncliffe. Some algae counts and identifications were outsourced. Analytical methods
followed those of APHA (1998) and APHA method numbers are outlined below.

Full algal count by Lund cell method - APHA 10200F;

Determination of Chorophyll a and Phaeophytin - APHA 10200H;

Determination of oxidised nitrogen, nitrate and nitrite in water - APHA 4500NO3-F;
Simultaneous determination of total nitrogen and total phosphorus - APHA 4500NO3-F
and 4500P-F;

e Determination of reactive phosphorus - APHA 4500P-F;

o Total suspended solids at 105 - APHA 2540; and

e Determination of turbidity in water - APHA 2130B.

Data Analysis

Flow data was obtained from the nearest gauging station to the respective weir site. At the
Gunidgera and Mollee weir sites on the Namoi River, the flow data used was obtained from

Integrated Monitoring of Environmental Flows — Namoi Bloom Flushing 98/99 Report August 2000 Page 2



the gauging stations immediately downstream from the weir (419059 and 419060
respectively). At Greylands weir on Pian Creek, the flow data used was obtained from the
gauging station on Pian Creek at Rossmore (419064), approximately 4.5km downstream from
Greylands weir. At Dundee weir on Pian Creek, the flow data used was obtained from the
gauging station on Pian Creek at Dempseys Bridge (419089), approximately 1.5km
downstream from Dundee weir.

Antecedent cumulative total flows were calculated for three, five and seven days up to and
including the day of algal sampling, so that the real effects of any change in flow in the period
prior to sampling could be detected. Antecedent cumulative total flows were calculated using
SAS Version 6.12 (SAS 1996). Overlay plots of flow and algae were prepared using
Microsoft Excel Version 7.0. Pearson product-moment correlations were completed using
Statistica Version 5.5 (Statsoft 1999). Flow, antecedent flow, TN, TP, DRP, turbidity, and EC
were log transformed to normalise the data.

Algal results in this study were categorised according to the alert levels of Bek (1992). The
alert levels are:

e Low: Less than 2000 cells per millilitre blue-green algae;
e Medium: 2000 to 15000 cells per millilitre blue-green algae;
e High: Greater than 15000 cells per millilitre blue-green algae; and

e Very High: Greater than 50000 or presence of scums.
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Results

Namoi River Flow Regime 1998/99

The flow sequences across the study period in the Namoi River at Gunidgera Weir and
Mollee Weir are illustrated in Figures 1 and 2, and Figures 3 and 4 respectively. The flow
sequences across the study period in Pian Creek at Greylands Weir and Pian Creek at
Dundee Weir are illustrated in Figures 9 and 10, and Figures 13 and 14 respectively.

Stratification in the weir pools was assessed by measuring temperature, dissolved oxygen,
pH and EC at 1.5m depth intervals (it has since been recognised that stratification profiles
must be measured at a much finer interval). Stratification was observed at all sites during the
summer period except at Pian Creek at Greylands Weir, where the water depth was usually
too shallow to allow a true thermocline to develop.

Environmental Flow Rule Delivery

The Sustainable Water Management Division of DLWC has completed an audit of the delivery
of environmental flows in the Namoi Valley (DLWC 2000). The results of this audit are
summarised below.

Rule 1: A maximum annual off allocation diversion of water in the Namoi Regulated system
of 110 000 ML.

Total metered off-allocation usage in the Namoi Valley in 1998/99 was 37 092 ML, and was
well below the 110 000 ML cap on off-allocation diversion of water in the Namoi regulated
system. Assessment of the use of Special Additional Licences (SAL’s) and High Flow
Licences (HFL’s) was attempted as part of the audit, but usage data on SAL’s and HFL’s was
not available from State Water at the time the audit was conducted.

Rule 2: Retention of the Interim North West Unregulated Flow Management Plan. This
ensures minimum flow for protection of basic river health and protection of high flow for algal
suppression and fish migration.

All operational flow targets for fish migration, algal suppression and riparian flows (until the
end of June 1999) were met in 1998/99. For this reason, further audit of the delivery of rule 2
was not necessary. The algal suppression flows component of the Interim North West
Unregulated Flow Management Plan are defined here for reference: “The key location for the
assessment of algal suppression flows is Wilcannia on the Darling River. For a particular
unregulated flow event, the objective is to maintain a flow of at least 2000 ML/day for a period
of five consecutive days. These target flows apply to the period October to April inclusive,
during which algal suppression flows should occur at least once in each three-month sub-
period” (DWR 1992).

Rule 3: 50:50 sharing of unregulated flows, with off -allocation being declared according to
the following thresholds:

a) If the available water for irrigation exceeds the valley equivalent of 35% announced
allocation, then off-allocation access to be as follows:

1 Aug to 31 Dec - starts at 5000 ML/day and stops at 3000 ML/day @ Narrabri

1 Jan to 31 Jan - starts at 4000 ML/day and stops at 2000 ML/day @ Narrabri

1 Feb to 31 Jul - starts at 2000 ML/day and stops at 1000 ML/day @ Narrabri

b) If the available water for irrigation is less than or equal to the valley equivalent of 35%
announced allocation, then off-allocation access to be when Narrabri flow exceeds 500
ML/day.

In 1998/99 the available water for irrigation exceeded 35%, and therefore off-allocation
access was assessed according to part a of rule 3. In 1998/99 there were five periods when
flows were within the range defined for off-allocation. Full details on the volumes of off-
allocation are listed in DLWC (2000).

Integrated Monitoring of Environmental Flows — Namoi Bloom Flushing 98/99 Report August 2000 Page 4



Estimated Effects of the Flow Rules

The intended hydrological modelling using the integrated quality and quantity model (IQQM),
developed by the DLWC, will enable actual flow regimes under flow rules to be compared with
modelled regimes without these rules, that is with simulated natural flows. The ecological
response models produced through IMEF will then be used to infer the consequences of the
rules. At the time of writing this report the IQQM model for the Namoi River and the
ecological response models had not been completed. As a result, the comparisons between
actual flow results under the rules and modelled predicted flow results without the rules could
not be completed.

Namoi River at Gunidgera Weir

Blue-green algal numbers in the Namoi River at Gunidgera Weir were generally low, being in
the range associated with background levels. The exceptions to this trend occurred on two
occasions when levels of algae exceeded 2000 cells/mL. The highest level of blue-green
algae recorded was 6829 cells/mL, dominated by Oscillatoria sp., on January 20, 1999
(Figure 1).

Total non-blue-green algae numbers were in the medium range for most of the study period.
The highest level of total non-blue-green algae recorded was 26 151 cells/mL, on September
14, 1999 (Figure 2). The dominant non-blue-green algal species were the diatoms Cyclotella
sp. and Melosira sp., and the green algae Ankistrodesmus sp., Chlamydomonas sp., Oocystis
sp., and Scenedesmus sp. There was no significant correlation between total blue-green
algae and total non-blue-green algae at this site (Table 2).

Flows were generally higher in summer than winter, up to 9530 ML/day on November 17,
1998, but were generally lower than 1000 ML/day. Flows decreased sharply at the
conclusion of the 98/99 irrigation season. A large flow event occurred in April 1999, when
seven-day antecedent total flow reached 31 964 ML (Figures 3 and 4). This increase in flow
was caused by a storm event in the Mooki River and the Coxs Creek catchments, both of
which flow into the Namoi River.

Total nitrogen (TN), total phosphorous (TP) and dissolved reactive phosphorous (DRP)
concentrations in the Namoi River at Gunidgera Weir exceeded ANZECC (1992) guidelines
for the protection of aquatic ecosystems (rivers and streams) in 100% of samples collected.
(Appendix 1).
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Figure 1: Mean daily flow (ML/day) and total blue-green algae in the Namoi River at
Gunidgera Weir from November 1998 to September 1999.

Integrated Monitoring of Environmental Flows — Namoi Bloom Flushing 98/99 Report August 2000 Page 5




16000 30000

14000
25000

12000

20000
10000

—e— MEANQ
—m—TNONBGA

8000

15000

6000
10000

Mean daily flow (ML/day) at 419059.

4000

Total non blue-green algae (cells/mL) at 419060.

5000
2000

0 0
12/09/98 01/11/98 21/12/98 09/02/99 31/03/99 20/05/99 09/07/99 28/08/99 17/10/99
Time

Figure 2: Mean daily flow (ML/day) and total non-blue-green-algae in the Namoi River at
Gunidgera Weir from November 1998 to September 1999.
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Figure 3: Antecedent flow (ML) for seven days prior to algal sampling and total blue-green
algae in the Namoi River at Gunidgera Weir from November 1998 to September 1999.
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Figure 4: Antecedent flow (ML) for seven days prior to algal sampling and total non-blue-
green algae in the Namoi River at Gunidgera Weir from November 1998 to September 1999.

The Pearson product-moment correlation matrix for the Namoi River at Gunidgera Weir
(Table 2) shows a statistically significant positive correlation at the 5% level between log total
blue-green algae and log flow (r = 0.634, p = 0.001) and log 7-day antecedent flow (r = 0.537,
p = 0.006). Log total blue-green algae was also positively correlated with 5 day and log 3-day
antecedent flows. Log total blue green algae was also positively correlated with log turbidity
(r = 0439, p = 0.028), and temperature (r = 0.707, p = 0.000). There was a negative
correlation between log total blue-green algae and log EC (r = -0.565, p = 0.003). Log total
non-blue-green algae and log 7-day antecedent flow were negatively correlated (r = -0.471, p
= 0.018). Dissolved oxygen and pH were positively correlated with log total non-blue-green

algae (r = 0.521, p = 0.008 and r = 0.463, p = 0.020 respectively).

Table 2: Pearson product-moment correlation matrix of data from the Namoi River at
Gunidgera Weir. Significant correlations are in bold.
419060 LOGTBGA | LOGTNONB | LOGQ LOGANTE3 | LOGANTES | LOGANTE7 | LOGTN | LOGTP | LOGDRP | LOGTURB | TEMP PH LOGEC DO
LOGTBGA 1 -0.083 0.634| 0.648| 0.571 0.537 0.231 0.03] 0.217 0.439 0.707 -0.162 -0.565 -0.206
p=-—| p=.695 p=.001 p=.000 p=.003 p=.006| p=.267 p=.886 p=.296 p=.028] p=.000 p=.439 p=.003 p=.323
LOGTNONB -0.083 1 -0.124 -0.349 -0.447 -0.471 -0.229 -0.276 -0.127 -0.259 -0.068 0.463| 0.19 0.521
p=.695 p=-—| p=.556 p=.087, p=.025 p=.018 p=.270 p=.181 p=.545 p=.211 p=.746 p=.020 p=.364 p=.008|
LOGQ 0.634| -0.124 1 0.869 0.737 0.702 0.151 0.011 0.107 0.541 0.639 -0.337 -0.489 -0.229
p=.001 p=.556 p=-—| p=.000 p=.000 p=.000 p=.472 p=.957, p=.611 p=.005] p=.001 p=.100 p=.013 p=.271
LOGANTE3 0.648 -0.349 0.869 1 0.953 0.927 0.389 0.304| 0.372 0.62] 0.573 -0.419 -0.479 -0.21
p=.000 p=.087 p=.000 p= —- p=.000 p=.000 p=.054 p=.139 p=.067 p=.001] p=.003] p=.037] p=.015| p=.313
LOGANTES 0.571 -0.447| 0.737 0.953 1 0.994 0.535 0.418 0.483 0.663 0.505 -0.482 -0.498 -0.24
p=.003| p=.025| p=.000 p=.000 p= - p=.000 p=.00(J p=.038 p=.014 p=.000 p=.010 p=.015| p=.011 p=.248
LOGANTE7 0.537 -0.471 0.702 0.927 0.994 1 0.579 0.439 0.508 0.674 0.493 -0.493 -0.513 -0.248
p=.006| p=.018| p=.000 p=.000 p=.000 p= - p=.002] p=.028 p=.010 p=.000 p=.012 p=.012] p=.009 p=.232
LOGTN 0.231 -0.229 0.151 0.389 0.535 0.579 1 0.837 0.833 0.576 -0.013 -0.124 -0.412 0.249
p=.267 p=.270 p=.472 p=.054 p=.006 p=.002 p= | p=.000 p=.000 p=.003| p=.952 p=.555 p=.041 p=.230
LOGTP 0.03 -0.276 0.011 0.304 0.418 0.439 0.837 1 0.844 0.479| -0.288 -0.206 -0.104 0.268
p=.886 p=.181 p=.957, p=.139 p=.038 p=.028 p=.000 p= | p=.000 p=.016 p=.162 p=.324 p=.620 p=.196
LOGDRP 0.217 -0.127 0.107 0.372 0.483 0.508 0.833] 0.844 1 0.435 -0.021 -0.261 -0.355 0.174
p=.296 p=.545 p=.611 p=.067, p=.014 p=.010 p=.000 p=.000 p= — p=.030| p=.921 p=.208 p=.082 p=.405
LOGTURB 0.439 -0.259 0.541 0.62 0.663 0.674 0.576 0.479 0.435 1 0.235 -0.322 -0.363 -0.014
p=.028| p=.211 p=.005| p=.001 p=.000 p=.000 p=.003| p=.016| p=.030 p= | p=.258 p=.117 p=.074 p=.948
TEMP 0.707 -0.068 0.639 0.573 0.505 0.493 -0.013 -0.288 -0.021 0.235 1 -0.331 -0.727 -0.453|
p=.000 p=.746 p=.001 p=.003| p=.010 p=.012 p=.952 p=.162 p=.921 p=.258 p= | p=.107 p=.000 p=.023|
PH -0.162 0.463 -0.337 -0.419| -0.482 -0.493 -0.124 -0.206 -0.261 -0.322 -0.331 1 0.397 0.759
p=.439 p=.020| p=.100 p=.037| p=.015 p=.012 p=.555 p=.324 p=.208 p=.117| p=.107 p= -—| p=.049 p=.000|
LOGEC -0.565| 0.19 -0.489| -0.479| -0.498 -0.513 -0.412 -0.104 -0.355 -0.363 -0.727 0.397 1 0.366
p=.003| p=.364 p=.013| p=.015| p=.011 p=.009 p=.041 p=.620 p=.082 p=.074 p=.000 p=.049 p= --- p=.072
DO -0.206 0.521 -0.229 -0.21 -0.24 -0.248 0.249 0.268 0.174 -0.014 -0.453 0.759 0.366 1
p=.323 p=.008] p=.271 p=.313 p=.248 p=.232 p=.230 p=.196 p=.405 p=.948] p=.023| p=.000 p=.072 p= —-
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Namoi River at Mollee Weir

Blue-green algal numbers in the Namoi River at Mollee Weir were low throughout the study
period and did not exceed 2000 cells/mL. The highest level of blue green algae recorded in
the Namoi River at Mollee Weir was 1508 cells/mL on January 13, 1999 (Figure 5). The
dominant species present in this total count were Oscillatoria sp. and Microsystis sp.

Total non-blue-green algal numbers were above 15000 cells/mL on six occasions throughout
the study period in both summer and winter. The highest level of total non-blue-green algae
recorded was 38320 cells/mL, recorded on July 8, 1999 (Figure 6). Dominant species in this
total were the flagellates Rhodomonas sp. and Cryptomonas sp. and to a lesser extent the
green algae Ankistrodesmus sp. There was no significant correlation between total blue-
green algae and total non-blue-green algae at this site (Table 3).

Flows were higher in summer than winter, and reached 18 304 ML/day on April 1999 (Figure
5) but were generally lower than 3000 ML/day in summer and lower than 1000 ML/day in
winter. Flows decreased sharply at the conclusion of the 98/99 irrigation season. A large
flow event occurred in April 1999, when seven-day antecedent flows reached 43 717 ML
(Figures 7 and 8). This increase in flow was caused by a storm event in the Mooki River and
Coxs Creek catchments, which both flow into the Namoi River.

Concentrations of TN and TP exceeded ANZECC (1992) guidelines for the protection of
aquatic ecosystems (rivers and streams) in 100% of samples collected. Concentrations of
DRP exceeded ANZECC (1992) guidelines for the protection of aquatic ecosystems (rivers
and streams) in 96% (24 out of 25) samples (Appendix 1).
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Figure 5: Mean daily flow (ML/day) and total blue-green algae in the Namoi River at Mollee
Weir from November 1998 to September 1999.
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Figure 6: Mean daily flow (ML/day) and total non blue-green algae in the Namoi River at

Mollee Weir from November 1998 to September 1999.

50000
45000
40000
35000
30000
25000
20000
15000

10000

Seven day antecedent flow (ML) at 419039.

5000

01/1
-5000

Time

1600

1400

1200

1000

800

—e—ANTE7Q
—=—TBGA

600

400

Total blue-green algae (cells/mL) at 419062.

200

/99
-200

Figure 7: Antecedent flow (ML) for seven days prior to algal sampling, and total blue-green

algae in the Namoi River at Mollee Weir from November 1998 to September 1999.
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Figure 8: Antecedent flow (ML) for seven days prior to algal sampling and total non-blue-
green-algae in the Namoi River at Mollee Weir from November 1998 to September 1999.

The Pearson product-moment correlation matrix for the Namoi River at Mollee Weir (Table 3)
shows a non-significant positive correlation between log total blue-green algae and log flow
(r=0.382, p = 0.060). There is a significant positive correlation between log total blue-green
algae and log 7-day antecedent flow (r = 0.453, p = 0.023). Log total blue-green algae was
also positively correlated with 5 day and log 3-day antecedent flows. Log total blue green
algae was also positively correlated with temperature (r = 0.667, p = 0.000). There was a
negative correlation between log total blue-green algae and log EC (r = -0.740, p = 0.000).
Log total non-blue-green algae were positively correlated with dissolved oxygen and pH (r =
0.480, p = 0.015and r = 0.421, p = 0.036 respectively).

Table 3: Pearson product-moment correlation matrix of data from the Namoi River at Mollee

Weir. Significant correlations are in bold.
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419062 LOGTBGA | LOGTNONB | LOGQ | LOGANTE3 | LOGANTES | LOGANTE7 [LOGTN |LOGTP |LOGDRP | LOGTURB | TEMP PH LOGEC | DO

LOGTBGA 1 -0.039) 0.382 0.454 0.448 0.453 0.268| 0.286 0.255 0282 0.667| -0272 074 -0.287
p=-- p=.855|  p=.060 p=.023 p=.025 p=.023| p=.196] p=.166 p=.219 p=173] _p=.000] p=.189| p=.000] p=.164

LOGTNONB -0.039 1 0.145 -0.034 -0.107 -0.127 0.181 0.097 -0.148 0.08 20.02[  0.421 0.09 0.48
p=.855 p=-—|  p=490 p=.872 p=.609 p=546] p=.388] p=1646 p=.481 p=703| p=.924| p=.036] p=:668] p=.015

LOGQ 0.382 0.145 1 0.882 0.83 0.825 0.16 0.073 0.025 0.563| 0.623 043 0456 -0.126
p=.060 p=.490 p= p=.000 p=.000 p=.000] p=445] p=730 p=.907 p=.003| p=.001| p=.032] p=.022| p=.550

LOGANTE3 0.454 -0.034 0.882 1 0.978 0.969 0.297] 0.197 0.213 0571 o0.614| -0.464] -0498] -0.114
p=.023 p=872]  p=.000 p= - p=.000 p=.000] p=.149| p=.344 p=.307 p=.003| p=.001| p=.019] p=.011| p=.588

LOGANTE5 0.448 -0.107] 0.83 0.978 1 0.996 0.402 0.308 0.332 0611  0.602) -0.492 -0.54] -0.145
p=.025 p=.609]  p=.000 p=.000 p= - p=.000] p=.047| p=.135 p=.105 p=.001] p=.001| p=.013] p=.005] p=.490

LOGANTE? 0.453 -0.127 0.825) 0.969) 0.996 1 0.392 0.292 0.337 0.584| o0.608] -0.468] -0.549] -0.149
p=.023 p=.546]  p=.000 p=.000 p=.000 =-| p=053] p=.157 p=.100 p=.002| p=.001| p=.018] p=.005] p=.478

LOGTN 0.268 0.181 0.16| 0.297 0.402 0.392 1 0.856 0.702 o666| 0082 -0111] -0464] 0309
p=.196 p=.388]  p=.445 p=.149 p=.047 p=.053 p=--| p=.000 p=.000 p=.000] p=695] p=598| p=.020] p=.133

LOGTP 0.286 0.097 0.073 0.197 0.308 0.292 0.85 1 0.777 0653 -0078] -0.185] -0.349 0.08
p=.166 p=.646]  p=.730 p=.344 p=.135 p=.157| p=.000 p= - p=.000 p=.000] p=712| p=377] p=.087| p=.703

LOGDRP 0.255 -0.148 0.025 0.213 0.332 0.337 0.702 0.777 1 o0538] 0024 0351 -0367] -0.046
p=.219 p=481]  p=.907 p=.307 p=.105 p=.100] p=.000] p=.000 p= - p=.006| p=.910| p=.086] p=.071| p=.826

LOGTURB 0.282 0.08 0.563 0.571 0.611 0.584 0.666 0.653 0.538 1] o0162] -0557] -0.358] -0.128
p=.173 p=703|  p=.003 p=.003 p=.001 p=.002| p=.000 p=.000 p=.006 p=--| p=439] p=.004] p=.079| p=541

TEMP 0.667 -0.02 0.623 0.614 0.602 0.608 0.082[ -0.078 0.024 0.162 1| -0272]  -0.704] -0.251
p=.000 p=924] p=.001 p=.001 p=.001 p=.001] p=695] p=712 p=.910 p=439]  p=--| p=189] p=.000] p=.226

PH -0.272 0.421 -0.43] -0.464 -0.492 -0.468| 0111 -0.185 -0.351 0.557| -0.272 1 0.376]  0.651
p=.189 p=.036| _ p=.032 p=.019 p=.013 p=.018| p=598| p=377 p=.086 p=.004] p=.189 p=-—| p=.064] p=.000

LOGEC -0.74 0.09]  -0.456 -0.498 -0.54] -0.549| -0.464] -0.349 -0.367 -0.358] -0.704]  0.376 1 0.243
p=.000 p=668]  p=.022 p=.011 p=.005 p=.005| p=.020| p=087 p=.071 p=.079| p=.000| p=.064 p=--| p=242

DO -0.287 048] -0.126 -0.114] -0.145 -0.149 0.309 0.08 -0.046 -0.128]  -0.251 0.651 0.243 1
p=.164 p=.015| _ p=.550 p=.588 p=.490 p=478] p=.133] p=.703 p=.826 p=541] p=.226| p=.000] p=.242 p=--
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Pian Creek at Greylands Weir

The numbers of blue-green algae in Pian Creek at Greylands Weir were generally low, being
in the range associated with background levels. The highest blue-green algal level recorded
at this site was 7825 cells/mL, recorded on March 30, 1999 (Figure 9). The dominant species
in this total was Planktothrix sp. Levels were also moderately high on March 17, 1999 (5431
cells/mL) and January 20, 1999 (3612 cells/mL). Blue-green algal numbers at this site were
below 2000 cells/mL on all other sampling occasions. The observed high levels of blue-green
algae were only observed in summer to early autumn. Blue-green algal numbers were
consistently low at this site through the winter period of the study.

Total non-blue-green-algal numbers were low in Pian Creek at Greylands Weir. The highest
numbers of total non-blue-green-algae at this site was 9186 cells/mL, recorded on August 3,
1999. The dominant species in this total were the green algae Chlorella sp. and the diatom
Cyclotella sp. Levels of total non-blue-green-algae were also in the high range on September
15, 1999 (8594 cells/mL) and July 21, 1999 (6280 cells/mL). There was no significant
correlation between total blue-green algae and total non-blue-green algae at this site (Table
4).

Flows in Pian Creek at Greylands Weir were generally higher during summer, and lower in
winter. The highest mean daily flow recorded at this site was 469 ML/day in April 1999.
Mean daily flows were usually less than 200 ML/day in summer and 100 ML/day in winter
(Figure 9).

Concentrations of TN, TP and DRP exceeded ANZECC (1992) guidelines for the protection of
aquatic ecosystems (rivers and streams) in 100% of samples collected (Appendix 1).
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Figure 9: Mean daily flow (ML/day) and total blue-green algae in Pian Creek at Greylands
Weir from November 1998 to September 1999.
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Figure 10: Mean daily flow (ML/day) and total non-blue-green-algae in Pian Creek at
Greylands Weir from November 1998 to September 1999.
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Figure 11: Antecedent flow (ML) for seven days prior to algal sampling, and total blue-green
algae in Pian Creek at Greylands Weir from November 1998 to September 1999.
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Figure 12: Antecedent flow (ML) for seven days prior to algal sampling and total-non-blue-
green algae in Pian Creek at Greylands Weir from November 1998 to September 1999.

The Pearson product-moment correlation matrix for Pian Creek at Greylands Weir (Table 4)
shows a positive correlation between log total blue-green algae and log temperature (r =
0.429, p = 0.032). Log total blue-green algae did not significantly correlate with any other
variable assessed at this site. Log total non-blue-green algae was negatively correlated with
log total nitrogen (r = -0.407, p = 0.044) and did not correlate with any other variable
assessed at this site.

Table 4: Pearson product-moment correlation matrix of log transformed data from Pian
Creek at Greylands Weir. Significant correlations are in bold.

41910201 LOGTBGA | LOGTNONB LOGQ LOGANTE3 | LOGANTE5 | LOGANTE?7 | LOGTN LOGTP | LOGDRP | LOGTURB TEMP PH LOGEC DO

LOGTBGA 1.000] 0.110 0.130 0.082 0.084 0.097 -0.272 -0.343 -0.042 -0.261 0.429 -0.084 -0.086 -0.095
p= - p=.600]  p=.535 p=.698| p=.690 p=.645| p=.188]  p=.094] p=.843 p=.208| p=.032| p=692| p=.683] p=.651

LOGTNONB 0.110 1.000 -0.092 -0.132 -0.133 -0.167 -0.407| -0.314 -0.104 -0.404/ -0.308 0.406 0.309 0.277
p=.600) =--|  p=.660 p=.531 p=.527 p=426] p=.044] p=.126 p=.620 p=.045] p=.135| p=.044] p=.133] p=.180

LoGQ 0.130 -0.092 1.000 0.714 0.692 0.710 0.215 0.407 0.565 -0.114 0.362 -0.487 -0.241 -0.312
p=.535| p=.660) p= -] p=.000 p=.000 p=.000] p=302] p=.043 p=.003 p=.588] p=.075| p=.013] p=.246] p=.129

LOGANTE3 0.082 -0.132 0.714 1.000]| 0.987 0.952 0.188 0.214 0.507 -0.076 0.275 -0.591 -0.417 -0.612
p=.698 p=.531 p=.000 p= — p=.000 p=.000 p=.369 p=.304 p=.010 p=.717, p=.183 p=.002 p=.038 p=.001

LOGANTES 0.084| -0.133 0.692 0.987] 1.000 0.979 0.170] 0.172 0.462 -0.091 0.258 -0.615 -0.367 -0.661
p=.690 p=.527 p=.000 p=.000 p=-— p=.000 p=.417 p=.412 p=.020 p=.665 p=.214 p=.001 p=.071 p=.000

LOGANTE7 0.097] -0.167 0.710 0.952 0.979 1.000 0.164 0.189 0.473 -0.119 0.257 -0.661 -0.327 -0.696
p=.645 p=.426 p=.000 p=.000 p=.000 p=--—- p=.432 p=.366 p=.017 p=.572 p=.215 p=.000 p=.110 p=.000

LOGTN -0.272 -0.407| 0.215 0.188 0.170 0.164 1.000 0.846| 0.626 0.764| -0.045 -0.165 -0.408 0.040
p=.188 p=.044|  p=.302 p=.369) p=417 p=.432 =--| p=.000 p=.001 p=.000] p=830] p=432] p=.043] p=.848

LOGTP -0.343 -0.314 0.407| 0.214] 0.172 0.189 0.846| 1.000 0.663 0.666| 0.059 -0.101 -0.316 0.075
p=.094 p=.126]  p=.043 p=.304 p=.412 p=.366]  p=.000 p= - p=.000 p=.000] p=.780] p=630] p=.124| p=.720

LOGDRP -0.042 -0.104 0.565| 0.507 0.462 0.473 0.626| 0.663| 1.000 0.209 0.025 -0.385 -0.374 -0.177
p=.843 p=.620 p=.003 p=.010 p=.020 p=.017 p=.001 p=.000 p= - p=.315 p=.907 p=.057 p=.066 p=.397

LOGTURB -0.261 -0.404 -0.114 -0.076 -0.091 -0.119 0.764 0.666| 0.209 1.000 0.014 0.078 -0.334 0.142
p=.208 p=.045]  p=.588 p=717 p=.665 p=572| p=.000] p=.000 p=.315 p=--| p=.949] p=710] p=.103] p=.497|

TEMP 0.429| -0.308 0.362 0.275 0.258 0.257 -0.045 0.059 0.025 0.014| 1.000 -0.322 -0.421 -0.443|
p=.032 p=.135]  p=.075 p=.183 p=.214 p=215] p=.830] p=.780 p=.907 p=.949 p=--| p=117| p=.036] p=.026

PH -0.084 0.406 -0.487| -0.591 -0.615 -0.661 -0.165 -0.101 -0.385 0.078 -0.322 1.000 0.434 0.785|
p=.692 p=.044 p=.013 p=.002 p=.001 p=.000 p=.432 p=.630 p=.057 p=.710] p=.117 p=--— p=.030 p=.000

LOGEC -0.086 0.309 -0.241 -0.417| -0.367 -0.327 -0.408 -0.316 -0.374 -0.334 -0.421 0.434| 1.000 0.391
p=.683 p=.133]  p=.246 p=.038 p=.071 p=110| p=.043] p=.124 p=.066 p=.103] p=.036] p=.030 p=-—-| p=.054

DO -0.095 0.277 -0.312 -0.612, -0.661 -0.696 0.040 0.075 -0.177 0.142 -0.443 0.785| 0.391 1.000
p=.651 p=.180]  p=.129 p=.001 p=.000 p=.000] p=848] p=.720 p=.397 p=.497| p=.026] p=.000] p=.054 p=-—|
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Pian Creek at Dundee Weir

The numbers of blue-green algae in Pian Creek at Dundee Weir were high, being in the
medium range for several weeks during the 98/99 summer. The highest blue-green algal
level recorded at this site was 17 227 cells/mL recorded on December 29, 1998 (Figure 13).
The dominant species in this total include several species of Anabaena sp., and Planktothrix
sp. Levels were also high on December 15 and 22 1998 (10 960 and 10 522 cells/mL
respectively) and on January 27, 1999 (14 395 cells/mL). Blue-green algal numbers at this
site were generally low from late March to September 1999, being in the range associated
with background levels below 2000 cells/mL.

Total non-blue-green-algal numbers in Pian Creek at Dundee Weir were higher than other
sites in this study, in both summer and winter. The highest numbers of total non-blue-green-
algae at this site was 31 858 cells/mL, recorded on January 12, 1999. The dominant species
in this total was Actinastrum sp. Levels of total non-blue-green-algae were also relatively high
on April 29, 1999 (12 084 cells/mL), May 13, 1999 (10 042 cells/mL), August 3, 1999 (10 820
cells/mL), August 25, 1999 (10 258 cells/mL) and September 15, 1999 (8369 cells/mL).
There was no significant correlation between total blue-green algae and total non-blue-green-
algae at this site (Table 5).

Flows in Pian Creek at Dundee Weir were generally only slightly higher during summer than
in winter. The highest mean daily flow recorded at this site was 164 ML/day, and flows were
often below 80 ML/day in both summer and winter (Figure 13).

Concentrations of TN, TP and DRP exceeded ANZECC (1992) guidelines for the protection of
aquatic ecosystems (rivers and streams) in 100% of samples collected (Appendix 1).
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Figure 13: Mean daily flow (ML/day) and total blue-green algae in Pian Creek at Dundee
Weir from November 1998 to September 1999.
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Figure 14: Mean daily flow (ML/day) and total non blue-green algae in Pian Creek at Dundee
Weir from November 1998 to September 1999.
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Figure 15: Antecedent flow (ML) for seven days prior to algal sampling, and total blue-green
algae in Pian Creek at Dundee Weir from November 1998 to September 1999.
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Figure 16: Antecedent flow (ML) for seven days prior to algal sampling and total non-blue-
green algae in Pian Creek at Dundee Weir from November 1998 to September 1999.

The Pearson product-moment correlation matrix for Pian Creek at Dundee Weir (Table 5)
shows a strong significant positive correlation between log total blue-green algae and
temperature (r = 0.798, p = 0.000). Log total blue-green algae was also positively correlated
with log TN (r = 0.634, p = 0.001) and log TP (r = 0.413, p = 0.045). Log total blue-green
algae was negatively correlated with log EC (r = -0.42, p = 0.041). Log total non-blue-green
algae was positively correlated with pH (r = 0.416, p = 0.043) and dissolved oxygen (r =
0.567, p = 0.004).

Table 5: Pearson product-moment correlation matrix of data from Pian Creek at Dundee
Weir. Significant correlations are in bold.

41910202 | LOGTBGA | LOGTNONB | LOGQ | LOGANTE3 | LOGANTES5 | LOGANTE7 [LOGTN [LOGTP | LOGDRP | LOGTURB | TEMP PH LOGEC | DO

LOGTBGA 1 0.169 0.303 0.255) 0.199) 0.302 0.634] 0.413] 0.004 0316 o0.798] 0.178 0.42 0.116]
p=--- p=431  p=.150 p=.228) p=.352 p=152| p=.001] p=.045| p=.986 p=133| p=.000] p=407| p=.041] p=.589

LOGTNONB 0.169 1 0.216 0.184] 0.035) -0.104 0.306] 0.324] 0.247 006 0029 o0.416 0.123 0.567|
p=.431 p=-—-| p=312 p=.388| p=.873) p=629| p=146] p=.123 p=.244 p=781] p=893| p=.043] p=569| p=.004

LOGQ 0.303 0.216 1 0.809) 0.662 0.558 0.256| 0.226| 0.139 0.444 0144 -0.078 -0.163 0.121
p=.150 p=.312 = p=.000) p=.000 p=.005| p=227] p=.288 p=.518 p=.030] p=501] p=717[ p=446] p=573

LOGANTE3 0.255 0.184 0.809 1 0.92 0.788 0.218] 0.159) 0.162 0.447 0133 0078 0.026 0.209)
p=.228 p=.388| _ p=.000 p= —- p=.000 p=.000] p=307] p=.459 p=.449 p=.028] p=535] p=716] p=.903| p=.327

LOGANTE5 0.199 0.035 0.662 0.92 1 0.939 0.123] 0.225) 0.239 0528 0177 -0.067 0.086 0.035)
p=.352 p=.873| _ p=.000 p=.000) p= - p=.000] p=.568| p=.291 p=.261 p=.008] p=409] p=758]  p=690] p=.872

LOGANTE? 0.302 -0.104 0.558 0.788| 0.939) 1 0.198] 0.27] 0.21 0.606] 0317 -0.101 -0.023]  -0.083]
p=.152 p=.629|  p=.005 p=.000) p=.000) p=-—| p=354] p=202 p=.326 p=.002| p=132] p=639] p=916] p=.699

LOGTN 0.634 0.306 0.256 0.218] 0.123] 0.198 1 0.64 0.148 0.249[  0.653] 0.202 0333 0.31
p=.001 p=.146|  p=.227 p=.307| p=.568| p=.354 p=—| p=.001 p=.491 p=241 p=.001] p=167| p=112| p=.140

LOGTP 0.413 0.324 0.226 0.159) 0.225) 0.27 0.64) 1 0.591 0277  o0.453] 0.011 0.183 0.008|
p=.045 p=.123|  p=.288 p=.459) p=.291 p=.202|  p=.001 p= - p=.002 p=.190] p=.026] p=.961 p=.392| p=.071

LOGDRP 0.004 0.247 0.139 0.162 0.239) 0.21 0.148| 0.591 1 0288 0042 0.029 0.298 0.11
p=.986 p=.244|  p=518 p=.449) p=.261 p=.326] p=.491] p=.002 p= - p=173| p=.846| p=.894| p=.157| p=610

LOGTURB 0.316 -0.06 0.444 0.447 0.528] 0.606 0.249) 0.277] 0.288 1 0.345]  -0.089 -0.014]  -0.097]
p=.133 p=781] p=.030 p=.028 p=.008| p=.002| p=241] p=.190 p=.173 p=-—| p=009| p=680] p=950| p=.651

TEMP 0.798 0.029 0.144 0.133] 0.177] 0.317 0.653] 0.042 0.345 1| -0.012 -0.316]  -0.151
p=.000 p=.893|  p=.501 p=.535) p=.409) p=132| p=.001] p=.026] p=.846 p=.099 p=—| p=957] p=133] p=481

PH 0.178 0.416 0.078 0.078] -0.067 -0.101 0.292 0.011 0.029 -0.089[ -0.012 1 0.168 0.728]
p=.407 p=.043] p=717 p=.716| p=.758| p=639] p=.167| p=.961 p=.894 p=.680| p=.957 p=-—|  p=434] p=.000

LOGEC -0.42 0.123 0.163 0.026] 0.086) 0023 -0.333 0.183] 0.298 0014 -0.316] 0.168 1| -0.075
p=.041 p=.569|  p=.446 p=.903] p=.690 p=916] p=112| p=.392 p=.157 p=950| p=.133| p=.434 p=—| p=727

DO 0.116 0.567 0.121 0.209) 0.035) -0.083 0.31 0.008| 0.11 0.097|  -0.151 0.728 -0.075 1
p=.589 p=.004]  p=573 p=.327| p=.872 p=699] p=.140| p=.971 p=.610 p=651] p=481] p=.000]  p=727 p= -
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Discussion

This study examines the results of the first nine months of the Namoi River Bloom Flushing
study, part of the Integrated Monitoring of Environmental Flows Program (IMEF), and was
designed to test IMEF Hypothesis 3N - Flushing blooms:

Protecting or restoring a portion of freshes and high flows and otherwise
maintaining natural flow variability (RFO 3 and RFO 6) through off-allocation use
restrictions and dam releases will flush algal and cyanobacterial blooms from the
water column, making blooms less prevalent.

This study contributes to IMEF hypothesis testing relating to algal dynamics and ecosystem
response to flow variability, complementing parallel investigations in other valleys examining
related ecological processes (DLWC 2001).

The hypothesis was not tested statistically, but the relationships between flow and on blue-
green algae and non-blue-green algae, were examined using correlation analysis at the 5%
level of significance. The results of the first nine months of this study indicate the total
number of blue-green algae increased slightly as flows increased at both Namoi River weir
sites. In the Namoi River at Gunidgera Weir there was a significant positive correlation,
between log total blue-green algae and log flow, and log antecedent flows. In the Namoi
River at Gunidgera Weir log total non-blue-green algae and log five- and seven-day
antecedent flows were significantly negatively correlated. In the Namoi River at Mollee Weir
there was a significant positive correlation between log total blue-green algae and log
antecedent flows. The correlation between log total blue-green algae and log flow was
positive but not significant. In the Namoi River at Mollee Weir log total non-blue-green-algae
and log five- and seven-day antecedent flows were significantly negatively correlated. At both
Pian Creek at Greylands Weir and Pian Creek at Dundee Weir there were no significant
correlations between log total blue-green algae or log total non-blue-green algae and log flow
or log antecedent flows.

The positive correlation between increasing flows and increasing numbers of blue-green
algae, is based on the analyses of flow and low numbers of blue green algae, that are not in
the range associated with blooms. Blue-green algae were strongly positively correlated with
surface water temperature at all sites, that is blue-green algal numbers increased with
increasing temperatures during the summer period of the study. This indicates factors other
than flow had a greater influence on the numbers of blue-green, for example increased
surface water temperature and greater light availability caused by longer day length in
summer and greater solar elevation. For this reason, the positive correlation between
increases in flow and the slight increases in the number of blue-green algae should be
considered in context, and the significance of this result should not be misinterpreted. These
results reinforce that flow alone is insufficient to explain algal dynamics, with interactions
between temperature, stratification, nutrients and hydraulic conditions playing a critical role in
determining system response.

The higher flows in the Namoi River recorded in the summer period of the study are a result
of the release of water for irrigation purposes from Keepit Dam. These higher flows did not
completely flush blue-green and other algae from the weir pools. In April 1999 a major
natural flow event did flush the blue-green and other algae from the weir pools. The highest
flow rate of this event was 18 304 ML/day at Mollee Weir, on 09.04.99, and the seven-day
antecedent flow was 43 717 ML. This flow event was caused by heavy rainfall in the Mooki
River and Coxs Creek catchments. The levels of blue-green and other algae generally
remained low after this flow event.

Preliminary exploratory data analysis was conducted using separate correlations for summer
and winter data, between log total blue-green algae and log flow and log antecedent flow.
This was attempted to assess if seasonal influences had an effect on algal numbers.
Summer and winter were defined for this purpose as November to April inclusive and May to
September inclusive respectively. The results of this approach were constrained by the
experimental design that had 17 sampling occasions in the “summer” period of the study, and
only eight in “winter”, when total blue-green algal numbers were low or zero. Separate
analysis of the summer and winter data will be more appropriate for examining seasonal
effects, with longer-term data, and will be examined in subsequent reports.
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Gunidgera and Mollee Weirs are “undershot” type weirs, and this may be contributing to the
development of the stratification observed over the summer period in these weir pools,
because irrigation water released from Keepit Dam, that has bottom offtake only, is colder
than the receiving river water. The upper, warmer layer of the thermocline in the weir pool
forms a dead zone and is therefore an ideal habitat for blue-green and other algae. Increased
flows, resulting from the operation of the environmental flow rules, may simply flow under the
warmer surface layer dead zone, and may have little or no “flushing” action at these two sites.
Stratification was detected in the Gunidgera Weir pool, where flows were generally lower than
1000 ML/day. Stratification was detected in the Mollee Weir pool, where flows were generally
lower than 3000 ML/day in summer and 1000 ML/day in winter. The stratification detected at
these sites under these flow conditions is in accord with the observations by Sherman and
Jones (1994).

The Pian Creek sites are both “overshot” type weirs, and flows were generally low. Mean
daily flows in Pian Creek at Greylands were less than 200 ML/day (Figure 9), and did not
exceed 164 ML/day and were often below 80 ML/day (Figure 13) in Pian Creek at Dundee
Weir. These low flow conditions are conducive to the development of stratification in the weir
pool at The low flows passing through the weir pools on Pian Creek are conducive to the
formation of stratification (Jones 1993; Sherman and Jones 1994). Dundee Weir pool is
relatively shallow with a maximum depth of approximately three metres. The Dundee Weir
pool had the highest levels of both blue-green and non-blue-green-algae of the four sites
across the study period.

In Australia there is only limited published information on the effects of stratification and flow
in rivers on the growth of blue-green algae. Flows of less than 1000 ML/day have been
observed to result in stratification in a weir pool on the Murrumbidgee River. The stratified
conditions in this weir pool allowed the blue-green algae Anabaena sp. to dominate in the
upper layer, and the diatom Melosira sp. to dominate in the lower layer (Sherman and Jones
1994). In the Hay weir pool flows of less than 500 ML/day caused thermal stratification that
resulted in blue-green algae dominating the upper euphotic zone (Jones 1993). There is no
general relationship between flow, stratification and the development of blooms of blue-green
algae because weir pools have site-specific channel and pool morphology, and this affects
the retention time and the likelihood of the pool becoming stratified (Mitrovic and Bowling
1996).

The interpretation of the results of this study is limited by the simple nature of the data
analysis (correlation). It was intended to examine the interaction between blue-green algae,
non-blue-green-algae and flows using an ecological model. The model to be used for this
purpose was not provided at the time the data were analysed. To comprehensively test this
hypothesis an analysis must examine all relevant factors simultaneously so the interactions
between relevant variables can be assessed and interpreted. Nutrient (TN, TP, and DRP)
concentrations did not appear to be limiting algal growth throughout the period at any of the
four sites examined as part of this study. Nutrient availability could therefore not be excluded
as a causal factor for the observed increases in total blue-green algal numbers at the two
Namoi River sites.

Populations of blue-green algae and non-blue-green-algae at all sites showed marked
variability across the study period. The enumeration of algal samples always has some
degree of error, and this is a problem when algal numbers are low anyway. Populations of
blue-green and non-blue-green-algae at the two sites on the Namoi River had dissimilar
patterns across the study period. Similarly, the two Pian Creek sites examined in this study
did not show uniform responses to the flow regime in Pian Creek. The spatial separation
between the two sites in each system contributes to differences in conditions between the
sites, and therefore the different behaviour of the algal populations between sample sites on
the same system.

The number of samples collected over the study period was restricted by resource limitations
to 25 sampling occasions. Based on the variability of the results of this study, the low number
of samples appears to have limited the options available to analyse the dataset and
consequently the interpretations of the links between flow and algal numbers. This issue
should be resolved in subsequent years, because longer-term data will provide a clearer
picture of changes in algal populations and how they are affected by changes in flow and
other factors. It will also be possible to separate data based on season, which should also
clarify how the operation of the flow rules affects algal populations.
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Conclusions and Recommendations

Based on the simple data analysis completed for this study, this hypothesis was rejected
because as flows increased total blue-green algal numbers also increased, at both Namoi
River weir sites. At both Pian Creek at Greylands Weir and Pian Creek at Dundee Weir there
were no significant correlations between total blue-green algae or total non-blue-green-algae
and flow or antecedent flows. These findings are based on simple correlations and do not
account for the complex interactions of the factors that influence algal populations. The
results of this study must be analysed using a technique such as a model that will enable all
factors that affect algal populations to be analysed simultaneously, and interpreted with
greater confidence.

These findings are consistent with the broader IMEF program, which highlighted the
importance of long-term datasets and integrated hydrological-ecological modelling to resolve
the complex interactions governing ecosystem response to environmental flows (DLWC
2001).

The audit of delivery of environmental flows in the Namoi Valley, by the Sustainable Water
Management (SWM) Division of NSW DLWC found the 1998/99 environmental flow rules
were delivered as the rules intended (DLWC 2000). The audit highlighted possible
ambiguous aspects of the interpretation of the three flow rules for the Namoi Valley, and
stated that these anomalies must be addressed to ensure the rules are operated, and
environmental flows delivered, as intended.

Workplan for 1999/2000

In the 1999/2000 financial year the Namoi bloom flushing project was modified from that
described in this report, to reduce the time and resource requirements of the project by
streamlining the sampling procedure. The number of sites was increased from four to seven,
to incorporate river sites downstream of the weirs, and other stretches of the Namoi River
(Table 6). Additional sites were selected from existing monitoring programs in the Namoi
catchment, for example the Central and North West Regions Water Quality Program, to
reduce duplication. Greylands and Dundee Weir pool sites were both dropped from the
project because of resource and time limitations. The algal sampling method was modified to
remove the need for boat access to the weir pool. Algal samples were collected using a grab
sample from the bank. This change greatly reduced the time and personnel requirements for
the project. Profile sampling of stratification was also removed from the method. All other
parts of the method, including the sampling schedule, remained the same as for 1998/99.

Table 6: IMEF Namoi Bloom Flushing 1999/2000/2001 sites. ( * = New site for 1999/2000).

Site Name Site Number Easting Northing
Namoi River at Gunnedah* 419001 237600 6570100
Narrabri Creek at Narrabri* 419003 767200 6641500
Namoi River at Mollee Weir 419062 759700 6648600
Namoi River d/s Mollee Weir* 419039 757900 6649300
Namoi River at Gunidgera Weir 419060 734500 6656200
Namoi River d/s Weeta Weir* 419068 724800 6647200
Namoi River at Bugilbone* 419021 675000 6649400
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Workplan for 2000/2001

In the 2000/2001 financial year the Namoi bloom flushing project is continuing with the same
method and sites as 1999/2000. Several proposed modifications are currently being
evaluated. One approach being considered is the deployment of thermistor chains at several
sites to monitor stratification on a continuous basis. This would allow site-specific
relationships between flow, stratification and algal numbers to be investigated. Site-specific
investigation of the flows required to remove stratification would also be possible. This is
necessary because these relationships will vary from weir pool to weir pool. Light
measurements should be recorded at the time of sampling in order to gauge any effect of
differences in light availability to blue-green and other algae. Light measurements could be
made with the Secchi disk method or with a Lambda light meter. The options for an IQQM-
style ecological model to analyse the complex interactions between flows, stratification and
algal dynamics are also being evaluated.

References

ANZECC (1992) Australian Water Quality Guidelines for Fresh and Marine Waters.
Australian and New Zealand Environment and Conservation Council, Canberra, ACT.

APHA (1998) Standard Methods for the Examination of Water and Wastewater, 20t Ed.
American Public Health Association, Washington DC.

Bek, P. (1992) Blue-green Algae — Alert Levels. NSW Department of Water Resources Flyer.
NSW Department of Water Resources, Parramatta.

DLWC (1998) Namoi Environmental Flow Rules for 1998/99. Securing our water future. NSW
Department of Land and Water Conservation, Sydney NSW.

DLWC (2000) Audit of Delivery of Environmental Flows — Namoi Valley 1998/99. NSW
Department of Land and Water Conservation, Parramatta, NSW.

DLWC (2001) Integrated Monitoring of Environmental Flows: State Summary Report 1998/99.

DWR (1992) Interim Unregulated Flow Management Plan for the North-West. NSW
Department of Water Resources, Parramatta, NSW.

Hohnberg, D.B. (2000). Namoi Bloom Flushing 1998/99 (Draft Report). Integrated Monitoring
of Environmental Flows Program, NSW Department of Land and Water Conservation, Barwon
Region.

Jones, G. J. (1993) Toxic blue-green algae: Predicting and controlling toxic blooms - Final
Report. Natural Resources Management Strategy Project N103.

Mitrovic, S. and Bowling, L. C. (1996) The role of light and other factors in the formation of
cyanobacterial blooms: Implications for rivers. — Literature Review. Water Quality Services
Unit, NSW Department of Land and Water Conservation, Parramatta, NSW.

NSW Department of Land and Water Conservation, Sydney.
SAS (1996) SAS Version 6.12. SAS Institute Inc. Cary, North Carolina.

Sherman, B. S. and Jones, G. J. (1994) Flow, stratification, and the growth of algae and
cyanobacteria in Maude Weir Pool on the Murrumbidgee River. Proceedings of the AWWA
Environmental Flows Seminar, Canberra.

StatSoft (1999) Statistica Version 5.5, 99 Edition. Tulsa, Oklahoma.

Integrated Monitoring of Environmental Flows — Namoi Bloom Flushing 98/99 Report August 2000 Page 20



Appendix

Namoi Bloom Flushing Data 1998/99

Table A1: Namoi River at Gunidgera Weir Bloom Flushlng data 1998/99.

STN NO. [ DATE TBGA |[TNONBGA ANTE3Q | ANTE5Q | ANTE7Q DRP TURB TEMP pH EC DO

cells/mL | cells/mL Mleay ML ML ML mglL mglL mg/L NTU 0C uS/cm mg/L
419060| 26/11/98 200 696 2669 12064 19454 32290 1.60 0.25 0.12 120 22.5 8.06 492 9.1
419060] 03/12/98 226 1544 257 4139 7932 12862 0.85 0.20 0.07 50 24.2 8.2 495 7.96
419060] 10/12/98 958 3226 546 2241 4330 5600 0.40 0.10 0.03 18 27.6 8.27 525 5.6
419060] 16/12/98 200 2380 261 1612 2453 3594 0.45 0.12 0.05 14 29.3 7.95 519 5.55
419060] 23/12/98 329 2108 529 1656 2201 2720 0.45 0.10 0.04 20 28.1 8.18 443 5.01
419060] 30/12/98 3327 6273 795 2422 3366 4309 0.60 0.10 0.05 24 28.2 8.45 421 6.88
419060] 05/01/99 776 5256 1262 2217 3432 5060 0.65 0.11 0.04 41 28.3 8.05 340 8.6
419060] 13/01/99 0 4805 408 932 1633 2868 0.55 0.13 0.06 37 30.1 7.54 363 4.2
419060] 20/01/99 6829 8104 528 1778 2856 3739 0.65 0.13 0.06 35 33.6 8.5 348 10.4
419060] 28/01/99 130 4241 1234 3636 5936 7550 0.65 0.14 0.06 60 26.8 7.8 272 5.5
419060| 09/02/99 52 924 269 1336 2804 4483 0.75 0.14 0.06 40 26.2 7.71 349 3.52
419060] 18/02/99 425 3674 609 2334 3218 3840 0.50 0.13 0.06 27 28.9 7.6 435 5.1
419060] 12/03/99 78 2037 146 417 714 1179 0.55 0.10 0.06 13 26.4 8.6 377 7.8
419060] 18/03/99 0 4021 62 213 421 722 0.60 0.08 0.03 2 27 8.7 388 8.8
419060] 30/03/99 472 3454 89 278 446 612 0.55 0.13 0.04 14 25 8 411 5.6
419060] 15/04/99 12 581 99 1515 15540 31964 2.20 0.28 0.16 110 21.3 7.7 385 5.9
419060| 30/04/99 357 8180 82 305 524 793 1.80 0.29 0.16 50 18 8.53 410 11.5
419060] 14/05/99 0 1689 86 267 465 668 0.45 0.15 0.06 1 17.4 7.94 507 4.4
419060| 02/06/99 0 699 88 259 434 609 0.40 0.14 0.04 31 16.7 8.3 666 7.1
419060| 08/06/99 0 999 166 484 689 862 0.40 0.12 0.02 19 16.6 8.4 708 8.5
419060| 08/07/99 0 7040 82 1027 1862 2216 0.85 0.24 0.14 10 15.1 8.5 637 14.1
419060] 21/07/99 0 8040 53 136 253 425 0.50 0.12 0.04 17 14.7 8.27 651 8.8
419060] 03/08/99 0 9017 58 175 296 416 0.30 0.08 0.03 11 15.8 8.45 823 8.7
419060| 25/08/99 0 21136 90 168 266 357 0.4 0.115 0.03 6 17.2 8.48 970 9.9
419060| 14/09/99 0 26151 269 436 605 888 0.70 0.14 0.05 26 19.3 8.78 532 12.2

Table A2: Namoi River at Mollee Weir Bloom Flushlng data 1998/99.

STN NO. DATE TBGA |[TNONBGA| ANTE3Q | ANTE5Q | ANTE7Q TP DRP TURB TEMP pH EC DO

cells/mL | cells/mL Mleay ML ML ML mgIL mg/L mg/L NTU 0C uS/cm mg/L
419062| 03/12/98 733 2945 1096 12747 21191 33419 0.7 0.13 0.05 34 23.3 8.31 513 9.11
419062| 10/12/98 169 3090 1346 6569 11795 18222 0.4 0.1 0.03 12 27.3 8.21 537 6.19
419062| 16/12/98 1440 3520 1390 4548 8102 10391 0.45 0.12 0.045 24 27.8 8.07 497 6.95
419062| 23/12/98 439 20493 2100 4933 7546 10387 0.65 0.125 0.01 22 27.3 8.84 420 10.65
419062| 30/12/98 908 13044 2740 4908 7374 10258 0.65 0.12 0.025 45 25.1 8.29 338 7.4
419062| 05/01/99 227 892 2804 5967 9695 13935 0.7 0.105 0.035 45 27 7.49 325 7.14
419062| 13/01/99 1508 1570 2022 8075 13191 18674 0.45 0.095 0.05 25 29.2 7.9 404 5.9
419062| 21/01/99 983 19449 2422 4022 8002 13170 0.6 0.11 0.045 50 27.3 7.9 342 6.9
419062| 28/01/99 110 12216 3371 6480 11291 15639 0.65 0.165 0.06 45 26.2 7.88 286 5.8
419062| 10/02/99 715 1577 532 8252 13628 18216 0.55 0.12 0.055 30 24.6 8 364 6.3
419062| 17/02/99 98 20576 1504 5392 8020 9528 0.55 0.105 0.035 22 32.6 8.25 379 10.15
419062| 12/03/99 73 2467 348 954 2380 5003 0.45 0.095 0.05 8 26.4 8.8 402 7.9
419062| 18/03/99 169 4877 119 564 1198 1918 0.55 0.085 0.02 6.9 26.8 8.55 371 8.5
419062| 30/03/99 360 4463 74 286 482 641 0.5 0.105 0.03 12 24 8.33 444 7
419062| 15/04/99 29 698 630 6243 32941 43717 1.9 0.29 0.185 90 21.3 7.77 350 7.3
419062| 30/04/99 130 15101 185 654 1127 1676 1.4 0.22 0.14 30 17.1 8.76 436 13.5
419062| 14/05/99 70 4138 162 379 753 1196 0.55 0.16 0.055 22 17.4 8.2 582 5.5
419062| 02/06/99 432 2398 187 501 882 1286 0.4 0.13 0.03 23 16.3 8.3 745 6.5
419062| 08/06/99 0 688 169 491 827 1214 0.3 0.075 0.02 14 16.3 8.3 778 7.6
419062| 22/06/99 0 1612 283 916 1326 1986 0.3 0.085 0.02 7.5 13.2 8.3 738 9.3
419062| 08/07/99 120 38320 347 1842 3313 4472 0.95 0.16 0.055 22 14.4 8.42 516 11.9
419062| 21/07/99 0 8080 329 987 1585 2256 0.5 0.095 0.025 25 14.5 8.45 700 7.4
419062| 03/08/99 0 8120 322 831 1380 2036 0.35 0.085 0.02 11 14.7 8.63 862 11.3
419062| 25/08/99 0 24459 321 862 1368 1752 0.45 0.11 0.03 24 15.7 8.15 1050 6.7
419062| 14/09/99 0 19217 952 2508 4075 6007 0.65 0.1 0.03 30 21.7 8.65 990 12.7
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Table A3: Pian Creek at Greylands Weir Bloom Flushing data 1998/99.

STNNO.| DATE TBGA [TNONBGA] Q ANTE3Q | ANTE5Q | ANTE7Q ™ DRP TURB TEMP pH EC DO
cells/mL | cells/mL | ML/day ML ML ML mg/L mg/L mg/L NTU 0C uS/cm mg/L

41910201] 26/11/98 0 1624 160 307 418 536 1.3 0.31 0.125 150 25.4 8.01 436 7.2
41910201] 02/12/98 282 1568 160 358 686 978 1.1 0.27 0.09 140 24.4 8.18 488 7.54
41910201] 09/12/98 1747 2161 74 453 809 1080 0.5 0.16 0.05 110 26.4 8.14 527 5.75
41910201] 15/12/98 960 4640 131 184 267 466 0.45 0.185 0.07 60 30.6 8 542 7.77
41910201] 22/12/98 0 1350 129 414 706 958 0.5 0.15 0.035 70 29.3 8.27 521 7.32
41910201] 29/12/98 1430 3041 163 512 862 1157 0.5 0.13 0.07 45 26.9 7.89 494 6.25
41910201] 06/01/99 1332 2045 315 844 1237 1588 0.55 0.13 0.075 72 27.5 7.65 360 4.1
41910201 12/01/99 499 1600 190 474 859 1509 0.55 0.16 0.095 27 29.5 7.54 329 3.9
41910201]  20/01/99 3612 880 108 390 706 1081 0.55 0.13 0.08 85 31.7 76 390 5.9
41910201[ 27/01/99 0 1634 50 385 631 873 0.7 0.195 0.075 110 29.5 7.9 304 4.8
41910201] 09/02/99 793 1156 142 381 564 802 0.5 0.135 0.05 55 25.2 7.7 350 4.82
41910201] 17/02/99 0 196 77 223 375 469 0.75 0.19 0.035 140 33.3 7.65 373 5.3
41910201] 11/03/99 0 5174 81 186 382 514 0.55 0.15 0.05 110 24.4 8.25 372 6.1
41910201] 17/03/99 5431 746 32 31 46 62 0.9 0.18 0.055 160 33.5 8.44 378 10.9
41910201] 30/03/99 7825 2440 23 110 214 326 0.6 0.115 0.02 120 21.8 8.31 407 9.4
41910201] 14/04/99 0 520 126 452 864 1512 2.6 0.37 0.135 260 20 7.6 358 5.1
41910201] 29/04/99 0 614 168 398 660 940 1.6 0.26 0.125 170 16.9 7.9 400 8.7
41910201] 13/05/99 0 2186 135 200 342 478 0.75 0.26 0.055 140 18.8 8 443 8.2
41910201] 01/06/99 0 981 61 31 54 151 0.5 0.19 0.04 80 18.7 8.4 613 10.4
41910201] 08/06/99 0 403 9 91 189 316 0.45 0.1 0.035 80 13.3 7.9 598 5.1
41910201] 22/06/99 0 2760 28 272 296 324 0.8 0.205 0.085 120 12.5 8.5 340 10.6
41910201] 08/07/99 400 1933 149 247 447 657 0.6 0.165 0.09 60 12.8 8.15 534 9.2
41910201 21/07/99 0 6280 68 129 217 309 0.6 0.155 0.06 90 12.6 7.83 476 8.9
41910201] 03/08/99 0 9186 43 119 222 275 0.4 0.1 0.035 30 12.9 8.38 726 9.7
41910201 15/09/99 113 8594 11 37 73 132 0.6 0.13 0.045 95 17.3 8.3 522 7.6

Table A4: Pian Creek at Dundee Weir Bloom Flushlng data 1998/99.
STNNO.| DATE TBGA [TNONBGA] Q ANTE3Q | ANTE5Q | ANTE7Q TP DRP TURB TEMP pH EC DO

cells/mL | cells/mL | ML/day ML ML ML mgIL mg/L mg/L NTU 0C uS/cm mg/L

41910202 26/11/98 1160 6280 44 123 214 354 0.75 0.14 0.045 230 25.7 8.27 454 8.08
41910202 02/12/98 2367 5833 30 219 327 412 0.75 0.12 0.045 80 29.3 8.69 474 10.32
41910202 09/12/98 4847 5054 150 141 186 255 0.8 0.205 0.06 65 27.9 8.32 578 7.42
41910202 15/12/98 10960 4920 16 115 351 606 0.8 0.175 0.035 50 29.3 8.42 521 8.19
41910202 22/12/98 10522 9885 83 111 139 176 0.75 0.11 0.02 36 28.9 7.72 5.37 8.85
41910202 29/12/98 17227 1970 14 48 78 200 1.1 0.115 0.02 34 27.4 8.6 5.33 9.55
41910202 06/01/99 3223 4315 26 149 187 239 0.7 0.125 0.015 23 28.3 8.28 545 7.33
41910202 12/01/99 4947 31858 55 207 234 315 1.4 0.185 0.03 40 30.3 8.82 404 13.7
41910202 20/01/99 1155 3743 19 116 201 294 0.85 0.16 0.05 50 30.2 8.12 413 7.2
41910202 28/01/99 14395 8291 6 20 40 111 0.85 0.17 0.035 35 30.4 8.5 378 75
41910202 17/02/99 274 3962 9 41 139 254 0.75 0.21 0.105 35 29.6 7.57 376 5.1
41910202 11/03/99 7808 6595 9 77 99 115 0.8 0.13 0.03 25 28.4 8.67 456 8.8
41910202 17/03/99 3121 3140 69 122 141 214 0.95 0.155 0.03 36 27 8 414 6.3
41910202 30/03/99 355 7261 10 32 56 85 0.85 0.165 0.02 45 21.5 8.03 397 6.1
41910202 14/04/99 145 4146 9 32 72 113 0.85 0.16 0.025 33 24 8.4 391 10.7
41910202 29/04/99 616 12084 75 320 336 348 1 0.2 0.11 65 16.1 8.52 396 12.3
41910202 13/05/99 32 10042 107 342 589 850 0.85 0.2 0.05 18.6 8 412 7.4
41910202 01/06/99 145 3303 53 168 282 400 0.55 0.115 0.02 55 17.3 8.13 518 7.3
41910202 08/06/99 0 1327 15 83 182 290 0.5 0.09 0.02 45 15.2 7.8 545 5.1
41910202] 22/06/99 0 2747 9 44 69 97 0.6 0.115 0.03 22 1.7 8.3 552 10.3
41910202 08/07/99 240 6400 12 38 68 103 0.5 0.105 0.035 21 13.9 8.6 546 11
41910202] 21/07/99 0 9840 24 109 204 280 0.6 0.135 0.035 24 14 8.32 601 74
41910202 03/08/99 113 10820 30 95 130 146 0.65 0.14 0.035 18 13.4 8.43 632 9.9
41910202 25/08/99 113 10258 11 57 85 116 0.55 0.11 0.035 28 16 8.29 665 10
41910202 15/09/99 0 8369 9 26 41 56 0.65 0.11 0.04 21 18 8.56 940 8.71
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