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Executive Summary

To improve ACT water security for the future, ACTEW@poration is constructing an additional pumping
intake structure and pipeline to abstract waternfradhe Murrumbidgee River near Angle Crossing
(southern border of the ACT).

The proposed pumping system will transfer watemfiangle Crossing through an underground pipeline
into Burra Creek, and then transfer the water by mf river flows into the Googong Reservoir. The
system is being designed to pump up to 100 ML/d, ianexpected to be commissioned mid-2012.
Abstraction will be primarily dictated by the levaldemand and the availability of water and whethe
Murrumbidgee River water quality complies with tB®A approved trigger levels. The proposal is
referred to as Murrumbidgee to Googong project (N2G

This program aims to determine the baseline rivamdition prior to the additional water abstraction,
which will include the period of pipeline constroct and continue monitoring after commencement to
determine what changes are taking place that atrébatable to abstraction from Angle Crossing.

The key aims of this sampling run were to:

Collect current baseline condition macroinverteleratommunity data, up- and downstream of
Angle Crossing;

Provide ACTEW with river health assessments basedAUSRIVAS protocols at key sites
potentially affected by the construction and operatof pumping infrastructure at Angle
Crossing;

Collect current condition periphyton community dHase data to help monitor seasonal and
temporal change and;

Report on water quality up and downstream of Aiyiessing.

This report presents the results from biologicalmpéing and water quality monitoring of the
Murrumbidgee River upstream and downstream of AGgtessing in spring 2011 and represents the 8th
round of sampling carried out thus as part of aearysampling program. Sampling was completed in
November 2011 and macroinvertebrate sampling argb@ated habitat surveys were based on the
AUSRIVAS sampling protocols, extended to inclugdicated sampling at each site and genus level
identifications for selected taxa. The reasonsth@se variations were to: a) establish estimatethef
within-site variability prior to the commencement pumping; and; b) improve the ability of the
monitoring program to detect subtle changes in riecroinvertebrate community that might occur in
response to water abstraction impacts.

Macroinvertebrate community composition, periphytmsemblages and water quality were monitored
from six sites on the Murrumbidgee River, thredngpsn and three downstream of Angle Crossing (~2km
west of Williamsdale) with the aim of obtaining &lase ecological condition information followingeth
ANZECC guidelines for ecological monitoring. Rivfeaws and rainfall for the sampling period were
recorded at ALS gauging stations located at Lolihdde (downstream of Angle Crossing: 410761) and
upstream of Angle Crossing (MURWQO09). Baselineipbyshemical water quality parameters including
temperature, pH, electrical conductivity, turbidiéyd dissolved oxygen were recorded at each o$ithe
sites at the time of the biological sampling. Addially, grab samples were taken from each site for
Hydrolab verification and nutrient analysis.

Final SPRING 2011 Y
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Macroinvertebrates were sampled in the riffle amtfje habitats where available. Both habitats were
sampled to provide a more comprehensive assessiheath site and potentially allow the program to
isolate flow-related impacts from other disturbasiceRiffle and edge habitats were sampled for
macroinvertebrates and analysed in strict accordamath the ACT spring riffle and edge AUSRIVAS
(Australian River Assessment System) during sgNilmyember 9 — 11") 2011. At each site, two samples
were taken (where possible) from the riffle habiatvo samples were also taken from the edge habitat
and were collected by sweeping the collection twtcgathe edge habitat at each site.

Periphyton samples were collected using the in-sytinge method. At each of the six sampling sées,
1m wide transect was established across the r#flae. Along each transect, twelve samples were
collected at regular intervals, using a syringe g#ing device. In addition to this technique, quatiite
assessments of the estimated substrate coveragerlphyton and filamentous green algae were also
conducted at each site in accordance with the AVBRIhabitat assessment protocols to compliment the
gquantitative samples.

The key results from the spring 2011 sampling @ié@&rossing show that:

1) Water quality parameters recorded at the upstreanglé Crossing site tended to be mirrored
downstream at Lobb’s Hole indicating that there vmasimpact to these parameters resulting from
the M2G project;

2) Compliance with the ANZECC and ARMCANZ water quaitidelines was low for turbidity owing
to some siltation to the Hydrolab following the eammental flow release from Tantangara
Reservoir. EC was within the guidelines 100% oftitme at both stations and while there were some
exceedances in dissolved oxygen and pH, theseaeihwith the environmental flow releases;

3) The water quality results from the grab sampleemaluring the macroinvertebrate sampling show
that most physico-chemical parameters were withia ANZECC & ARMCANZ guidelines. The
exceptions to this was the turbidity at MUR 15 (Batong Rd.) which is slightly elevated above
guideline levels, while the pH at the two most dsiveaam sites also showed elevated levels slightly
above guidelines. There was also the exceedanteedDO guidelines (albeit very minor) at site
MUR23 (Point Hut) reading 110.1 % above the guitelevel of 110 %. Some exceedances occurred
at MUR 15, MUR 23 and MUR 28 (U/S Cotter River kaafce), but these were small deviations that
naturally occur during the daily cycles;

4) Nutrient concentrations (total phosphorus and tatéttogen) were above the upper limits at all
sampling sites. In past reports we have suggesiatdoiackground levels are likely to be high in this
section of the Murrumbidgee River because of ektenagricultural land use upstream and
increasing urbanisation beyond MUR 19. These valtiesrefore, despite being above the
recommended guidelines are not excessively highpawd to the data collected so far in this
monitoring program;

5) While there were no differences detected in therophyll-a concentrations between upstream and
downstream locations there was a non-linear trehdwng a steep increase in the median values
beyond MUR 23. Although we think nutrients are idgvthese patterns, we suspect there is a lag
effect between nutrient delivery - to plant uptake growth - to when we collect the data which
inhibits us from detecting these trends.

Despite the increased algae and macrophyte groadhd downstream of MUR 23, there have been
few reports or personal observations of nuisancaagins so far; however during the period of low
flows in autumn 2009, the percentage of filamentmygrage was noted as being higher than during

| Final SPRING 2011 Vi



ActewAGL Distribution

ALS MEMP Part 1: Angle Crossing

6)

7

any other time in the project but was subsequergipoved by the time spring base flows had
returned. In terms of the M2G project, these topmguire consideration when discussion of the
timing and duration water abstractions are held &ese they may need to be adjusted on a seasonal
basis to consider all abiotic and biotic factordlirencing these patterns of AFDM and chlorophyll-a
concentrations especially downstream of Point HutsSing.

On season by season basis, the overall site assassimave improved since spring 2010, which is
largely to do with a) lower base flows during tkisring period and b) a longer stand down period

following high flow events, which has facilitatée trecolonisation of several, usually common taxa —
especially in the edge habitat.

The environmental flow release appears to haveeam field observations) removed some of the
fine silt built up in the riffle habitats and scaar out a large proportion of the submerged

macrophytes that are usually seen. There is sodiedition of an increased number of sensitive taxa
- taxa that prefer clean silt-free substrates -ari$ing these sites since this environmental flow
release. However despite this, the overall commiwoimposition remains very similar to previous

sampling runs, which suggest a high degree of tast® to disturbance and resilience (the ability to

recolonise) following high flow disturbances.

While there is a high degree of resistance andiezgie amongst these sampling sites to various thigh
disturbances, one of the key challenges now, mdesf the M2G project, is to use this to evaluiely
scenarios for community outcomes and of biologid@nges under the 80:90 pumping rules (ACT
Government, 2006). While we have data relating it Hlow disturbances, situations under low flow
conditions are less common. Currently the autum@928ampling run is the only representation of
macroinvertebrate communities in the MurrumbidgeeeRwhen base flows were under 100 ML/d.

Deriving useful indicator taxa from the currentlyailable data and literature would be a step in thght
direction. These indicator taxa would provide aresthine of evidence to determine whether potential
impacts are flow related due to the operating rudédM2G or have occurred from other environmental
factors.

Final
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1 Introduction

The Murrumbidgee Ecological Monitoring Program (MBMwas set up by ACTEW Corporation to
evaluate the potential impacts of water abstraditiom the Murrumbidgee River. It is being undedak
as part of the ACT water supply security infrastoue upgrade.

The current time-line for the MEMP sampling covausumn and spring sampling over a three year period
that commenced in spring 2008 and is current tmg@011.

There are four component areas being considerpdrasf the MEMP program:
Part 1: Angle Crossing
Part 2: Burra Creek (discharge point for Angle Gnog abstraction)
Part 3: Murrumbidgee Pump Station
Part 4: Tantangara to Burrinjuck

Thisreport focuseson Part 1. Angle Crossing, specifically theresults from the spring 2011 sampling
round.

To improve ACT water security for the future, ACTE@obrporation is constructing an additional
pumping structure and pipeline to abstract watemfithe Murrumbidgee River near Angle Crossing
(southern border of the ACT). The pumping systerth tnansfer water from Angle Crossing through a
12km underground pipeline into Burra Creek. Theewatill then be transported a further 13km by réin o
river flows into the Googong Reservaoir.

The system has been designed to pump up to 100 Bhdds expected to be in operation by mid-2012,
with construction underway. Water abstraction fribim Angle Crossing pump station will be dictated by
the Googong Reservoir's capacity and by the avitithalof water in the Murrumbidgee River. The
environmental flow rules for the Murrumbidgee todgong project (M2G) have been adopted from the
framework outlined in the Environmental Flow Guideks (ACT Government, 2006). Under these flow
rules, Murrumbidgee flows must be protected at8@®percentile between November and May and the
90" percentile between June and October (Table 1).

Table 1. Flow rules for the Murrumbidgee to Googong project. These values are based on the period of
record data (1974-2011) from Lobb’s Hole gauging station (410761) and are current as of the 6th January
2012

All values are expressed in ML/d

Jan*. | Feb*. | Mar*. | Apr*. | May*. Jun®. | Jul’. AugT. SepT. oct’. | Nov*. | Dec*.

30.6 | 229 |16.7 350 (501 [64.2 |79.0 |105.7]|175.6|133.3|142.9|545

* 80th percentile flow

T 90th percentile flow

Final SPRING 2011 1
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During periods of low flow (whether climate related artificially induced), impacts upon aquatic
environments can be measured using surrogate mdi@sed on changes to macroinvertebrate
communities, such as changes in species richnessdances and community structure. Such changes can
result either directly through invertebrate drift,indirectly through reductions in habitat divéysor flow
conditions which do not suit certain taxa. Dewsdral. (2007) reported that certain macroinvertebrate
taxa are especially sensitive to reductions in flamd can be useful indicators in flow restoration
assessments and can assist in longer term manapefftows in regulated river systems. It is expmect
there will be changes to the aquatic ecosystemiwitte Murrumbidgee River as a result of M2G. Some
of these effects include, but are not limited tbamges to water chemistry; and changes to channel
morphology, velocity and depth. All of these chaspave potential knock-on effects to the biota ivith
the river's ecosystem (s@ePPENDI X A for examples). This current monitoring programlvieim the
basis of an Ecological Monitoring Program to sstisFS requirements for the M2G Project

1.1 Background: The Upper Murrumbidgee River

The Murrumbidgee River flows for 1600 km from itsauwaters in the Snowy Mountains to its junction
with the Murray River. The catchment area to An@lssing is 5096 kf As part of the Snowy
Mountains Scheme, the headwaters of the Murrumkidge/er were constrained by the 252 GL
Tantangara Dam, which was completed in 1961. Tkerveir collects water and diverts it outside the
Murrumbidgee catchment to Lake Eucumbene. This redsiced base flows and the frequency and
duration of floods in the Murrumbidgee River dowaatn. The Murrumbidgee River is impounded again
at Burrinjuck Dam, after the river passes throdghACT. This region above Burrinjuck Dam is gerlgral
known as the Upper Murrumbidgee.

Land-use varies from National Park in the high ¢outo agriculture and farming in the valley regson
Land use is dominated by urbanisation between RdinitCrossing and the North Western suburbs of
Canberra near the confluence with the Molonglo RivEhe major contributing urbanised tributary
flowing into the Murrumbidgee River is Tuggerano@geek which enters the Murrumbidgee River
downstream of Point Hut crossing.

Annual rainfall in the Upper Murrumbidgee River dahent ranges from greater than 1400 mm in the
mountains, to 620 mm at Canberra, down to 300 mthdrwest (B.O.M, 2011).

Prior to spring 2010, drought was the most sigaificimpact on catchment quality within the upper

Murrumbidgee catchments in recent times. During period, more than 80% of catchments had been
droughtaffected since late 2002. Some of the effects o were drought-induced land degradation

increased stress on surface and groundwater respurcreased soil erosion and a shift from mixed
farming and cropping, to grazing and reduced stagkbers. Since the spring of 2010, the droughtéorok

in the ACT and surrounding NSW regions, with maegjtient high flow events occurring throughout that

year and an upward trend in the monthly average fhaws (Figure 1).
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ALS Water Resources Group ACT CITRIX HYDSTRA HYPLOT V133 Ouput 301032012
Period 4 Year PlotStart 00:00_01/01/2008 2008-12
Interval 2 Day PlotEnd 00:00_01/01/2012
— 410761 Mbgee at Lobbs Hole 141.00 Max & Min Discharge (Ml/Day) AP

400089

3000€

2000€

10006€

2008 | 2009 | 2010 | 2011

Figure 1. Four year hydrograph of the Murrumbidgee River at Lobb’s Hole (410761)

1.2 Project objectives

There are two key phases to this project, whicbriporates two sets of objectives, representing by
short term aims (i.e. before and after abstractfdaple 2). Phase 1 of this monitoring program inesl
the establishment of baseline macroinvertebrate naomty composition at selected sites up- and
downstream of the proposed abstraction point. ©haed of Phase 1 is on the documentation of spaaihl
seasonal changes in macroinvertebrate and periptagsemblages as well as monitoring water quality
patterns prior to abstraction, including the camdion phase. Accordingly, this phase will providigta

for before and after construction and before artdradbstraction comparisons that will allow their
potential impacts (direct or indirect) to be asedss

Phase 2 incorporates long term objectives, withaihre of providing post-abstraction phase data wikht
help to delineate potential ecological effects tat related specifically to the abstraction ofevdtom

the Murrumbidgee River at Angle Crossing, outsiflevbat is considered natural, temporal and spatial
variation.
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The specific aims of this monitoring program are:

1. To determine seasonal and annual variation edbmposition and abundance of periphyton at contro
and test sites before water abstractions commeaoé,to assist in the monitoring of river ecosystem
health once the abstractions begin;

2. To determine baseline macroinvertebrate comrasiat test and control sites before the water
abstractions commence, and to assist in the mongaf riverine ecosystem health once the abswasti
begin.

Table 2. Project objectives and estimated time frames

Key objectives Time frame | Outcomes

Phase 1 Obtain  baseline information to include: | 2009-2011 Help establish flow rules for the
hydrological, biological and physico-chemical operation of the pump in the
water quality information. M2G project.

Identify key (indicator) species
than can be used to identify flow
thresholds.

Establish spatial and temporal trends up and

downstream of the existing low-level crossing that Establish biological signatures
is Angle Crossing. and inventories as references for

changes over time.

Phase 2 Monitor the ecological responses related | 2012- Help minimise ecological impacts
specifically to water abstractions from Angle by using baseline and indicator
Crossing. The ability to do this depends on taxa information in relation to
establishing a comprehensive data set of spatial proposed flow rules.

and temporal variability at all concerned sites.

1.3 Project scope

The current ecological health of the sites monidoas part of the Murrumbidgee to Googong (M2G)
monitoring program was estimated using AUSRIVAStaeols for macroinvertebrate community data,
combined with a suite of commonly used biologicaitrics and descriptors of community composition.
The scope of this report is to convey the resuitsifthe spring 2011 sampling. Specifically, asioet in
the MEMP proposal to ACTEW Corporation (ALS, 2011ffa$ work includes:

Sampling conducted in spring 2011;

Macroinvertebrate communities collected from riffexd edge habitats using AUSRIVAS
protocols;

Macroinvertebrate samples counted and identifigdiédaxonomic level of genus;
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Riffle and edge samples assessed through the agiopUSRIVAS model;

In-situ water quality measurements collected and sampialysed for nutrients in ALS’s NATA
accredited laboratory

1.4  Rationale for using biological indicators

Macroinvertebrates and periphyton are two of thestnemmmonly used biological indicators in river
health assessment. Macroinvertebrates are commusely to characterise ecosystem health because they
represent a continuous record of preceding enviemah, chemical and physical conditions at a given
site. Macroinvertebrates are also very useful s in determining specific stressors on freshawat
ecosystems because many taxa have known tolerembesvy metal contamination, sedimentation, and
other physical or chemical changes (Chessman, 200&3roinvertebrate community assemblage, and
two indices of community condition: the AUSRIVASdex and the proportions of three common taxa
(the Ephemeroptera, Plecoptera, and Trichopter&Pdr index), were used as part of this study tessss
river health.

Periphyton is the matted floral and microbial comityithat resides on the river bed. The compositibn
these communities is dominated by algae but thme pariphyton also includes fungal and bacterialtenat
(Biggs and Kilroy, 2000). Periphyton is important haintaining healthy freshwater ecosystems as it
absorbs nutrients from the water, adds oxygen dcetfosystem via photosynthesis, and provides a food
for higher order animals. Periphyton communitiespmnd rapidly to changes in water quality, light
penetration of the water column and other distutbansuch as floods or low flow, and this makesthe
valuable indicators of river health.

Changes in total periphyton biomass and/or the tiwmponent of the periphyton (as determined by
chlorophylla) can vary with changes in flow volume, so thesgalkdes are often used as indicators of
river condition in relation to monitoring the eftecof flow regulation, environmental flow releasas
water abstraction impacts (Biggs, 1989; Biggsl, 1999; Whitton and Kelly, 1995). Water abstracsion
from Angle Crossing will not affect the timing oragmnitude of higher flows, but could affect condito
during the seasonal low flow period, such as irgirepthe nutrient availability through increased
residence time, reducing scouring impacts on berthjanism and reducing surface flows over riffle
habitats and thus decreasing habitat quality aadadility. As changes in flow volume are expectéth

the proposed changes in the Murrumbidgee River mastraction regime, periphyton biomass and
chlorophylla are included as biological indices.
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2 Materials and Methods

2.1 Study sites

Macroinvertebrate community composition, periphyssemblages and water quality were monitored
from replicate sites on the Murrumbidgee River, apd downstream of Angle Crossing (~2km west of
Williamsdale) with the aim of obtaining baselinekgical condition information following the ANZECC
guidelines for ecological monitoring (ANZECC & ARM®IZ, 2000).

The upper Murrumbidgee River is impacted by aggsitn its catchment, which include a large arrfy o
land-use practices. As such, it was important tecsea sufficiently large number of sites to enathie
program to provide a reasonable snap-shot of themustatus of the macroinvertebrate communithe
study area. Sites were chosen based on seveslayrivhich included:

- Safe access and approval from land owners;

. Sites have representative habitats (i.e. riffl@dlpequences). If both habitats were not present
then riffle zones took priority as they are the tibely to be affected by abstractions;

- Sites which have historical ecological data segs Keen, 2001) took precedence over new sites —
allowing comparisons through time to help assessralbvariability through the system. This is
especially important in this program because therless emphasis on the reference condition,
and more on comparisons between and among siteanilar characteristics in the ACT and
surrounds over time.

Potential sites were identified initially from tographic maps, they were visited prior to samplind a
their suitability was subsequently considered. Sltes suited the criteria mentioned above (Table 3;
Figure 2; Plates 1 & 2). These sites include tlsig=s upstream of Angle Crossing (in NSW) and three
sites downstream (all in the ACT).

Table 3. Sampling site locations and details

Site Location Landuse Habitat Latitude Longitude
Code sampled
MUR 15 Bumbalong Road Grazing / Recreation Riffle and Edge 35°51'51.6"S 149°08' 7.81" E
The Willows - Near . . 0 p10 " 0 ar "
MUR 16 Michelago Grazing Riffle and Edge 35°41'18.72" S 149" 06’ 32.80" E
0 [ ”
MUR 18 U/S Angle Crossing Grazing Riffle and Edge 35°35' 06.68" S 149706 28.96" E
0 [ ”
MUR 19 D/S Angle Crossing Grazing / Recreation Riffle and Edge 35°34'59.38" S 149°06"32.80"E
0 1 ”
MUR 23 Point Hut Crossing Recreation / Residential Riffle and Edge 35°27'03.42" S 149704’ 27.84" E
U/S Cotter River . . 010 " 0 "
MUR 28 confluence Grazing Riffle and Edge 35°19' 25.22" S 148" 56’ 59.34" E
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Figure 2. Angle Crossing sampling locations and gauging station
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MUR 15 Looking upstream (283 ML/d) MUR 15 Looking downstream

MUR 16 “The Willows” near Michelago MUR 16 Looking downstream
looking upstream (283 ML/d)

MUR 18 ~800m upstream of Angle Crossing MUR 18 Facing across to the edge habitat
looking downstream (592 ML/d)

Plate 1. Photographs of sampling sites upstream of Angle Crossing
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MUR 19 Downstream of Angle Crossing MUR 19 Looking downstream (592 ML/d)
looking up to the coffer dam

MUR 23 Looking downstream from the bridge = MUR 23 Downstream near recreation area (342 ML/d)

MUR 28 Looking upstream (277ML/d) MUR 28 Looking downstream towards the Road
Cotter Bridge

Plate 2. Photographs of sampling sites downstream of Angle Crossing
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2.2 Hydrology and rainfall

River flows and rainfall for the sampling periodre@gecorded at ALS gauging stations located at lsobb
Hole (downstream of Angle Crossing: 410761) andrepsn of Angle Crossing (MURWQOQ9). Site codes
and locations are shown in Table 4.

Stations are calibrated monthly and data are dawddd and verified before storage on the databaseswh
it is quality coded. Water level data is verifiedumally by comparing the logger value to the sgaflige
value. If there are differences between loggersiafl, the logger is adjusted accordingly. Rainggsuare
calibrated and adjusted as required. Records amedston the HYDSTRA database software and
downloaded for each sampling period.

Table 4. Location and details of continuous water quality and flow stations

Site Code | Location/Notes Parameters* Latitude Longitude
M’bidgee River @ Lobb'’s Hole WL, Q, pH, EC, DO, Temp

410761 P BT = ' ' | $35.5398 E 149.1015
(D/S of Angle Crossing) Turb, Rainfall

MURWQO9 | M'bidgee River U/S Angle Crossing %&b % ai';’]';'é” EC, DO, Temp, | g 353533 | £ 149.0705

* WL = Water Level; Q = Rated Discharge; EC = Electrical Conductivity; DO = Dissolved Oxygen; Temp =
Temperature; Turb = Turbidity; Rainfall = Rainfall (0.2 mm increments)

2.3 Water quality

Baseline physico-chemical parameters including txatprre, pH, electrical conductivity, turbidity and
dissolved oxygen were recorded using a multipropéréla® minisonde 5a at sites indicated in Table 3.
The Hydrolal was calibrated following QA procedures and the nfactures requirements prior to
sampling. Additionally, grab samples were takermfreach site in accordance with the AUSRIVAS
protocols (Coystet al, 2000) for Hydrolab verification and nutrient aysas. All samples were placed on
ice, returned to the ALS laboratory, and analysedniitrogen oxides (total NOx), total nitrogen and
phosphorus in accordance with the protocols owtlineAPHA (2005). Collectively, this information on
the water quality parameters was used to asstbkiinterpretation of biological data and provideasis
on which to gauge ecosystem changes potentialkgdirto flow reductions at these key sites following
water abstractions.
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2.4 Macroinvertebrate sampling and processing

At each site, macroinvertebrates were sampled énriffle and edge habitats where available. Both
habitats were sampled to provide a more comprebersisessment of each site (Cogshl, 2000); and
potentially allow the program to isolate flow-reddtimpacts from other disturbances. The reasoning
behind this is that each habitat is likely to beeetkd in different ways by changes in flow corafis.
Riffle zones, for example, are likely to be onetloé first habitats affected by low flows and water
abstractions as water abstraction will result inramediate reduction in flow velocities and inundat
level over riffle zones downstream of the abstwactpoint. Impacts on edge habitat macroinvertebrate
assemblages might be less immediate as it maysiake time for the reduced flow conditions to cause
loss of macrophyte beds and access to trailing bagktation habitat. Therefore, monitoring bothitsds

will allow the assessment of the short-term andiéorierm impacts associated with water abstraction.

Riffle and edge habitats were sampled for macratebeates and analysed in strict accordance wih th
ACT Spring riffle and edge AUSRIVAS (Australian RivAssessment System) protocols (Coyethal,
2000) during Spring (Novembef"9- 11" 2011. At each site, two samples were taken (wpessible)
from the riffle habitat (flowing broken water ovgravel, pebble, cobble or boulder, with a depthatpe
than 10 cm; (Coyshet al, 2000) using a framed net (350 mm wide) with 250 mesh size. Sampling
began at the downstream end of each riffle. Thewset held perpendicular to the substrate with the
opening facing upstream. The stream directly upstref the net opening was disturbed by vigorously
kicking and agitating the stream bed, allowing alisiodged material to be carried into the net. The
process continued, working upstream over 10 metreifle habitat. The samples were then presetined
the field using 70% ethanol, clearly labelled wsite codes and date then stored on ice and redtegbr
until laboratory sorting commenced.

The edge habitat was also sampled in strict acoosdaith the ACT AUSRIVAS protocols. Two samples
were taken from the edge habitat. The nets andtladlr associated equipment were washed thoroughly
between sampling events and sites to remove anyomaertebrates retained on them. Samples were
collected by sweeping the collection net alongdatige habitat at the sampling site. The operatokeebr
systematically over a ten metre section coveringrloanging vegetation, submerged snags, macrophyte
beds, overhanging banks and areas with trailingtedign. Samples were preserved on-site as dedcribe
for the riffle samples.

Processing of the macroinvertebrate samples follothe ACT AUSRIVAS protocols. Briefly, in the
laboratory, the preserved macroinvertebrate sampdes placed in a sub-sampler, comprising of 1@0 (1
X 10) cells (Marchant, 1989). The sub-sampler wesntagitated to evenly distribute the sample. The
contents of randomly selected cells were removed the macroinvertebrates within each cell were
identified to genus level except for Chironomidab@amily) and Oligochaeta (class). Specimens that
could not be identified to the specified taxononeieel (i.e. immature or damaged taxa) were removed
from the data-set prior to analysis. For the AUSRB/model, taxa were analysed at family level except
for: Chironomidae (sub-family), Oligochaeta (claaejl Acarina (order) until 200 animals were ideedif
(identification followed taxonomic keys publisheg blawking (2000)). If 200 animals were identified
before a cell had been completely analysed, ideatibn continued until the animals in the entiedl c
were identified. Data were entered directly intectionic spread sheets to eliminate errors assalcigith
manual data transfer.
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2.5 Periphyton

Estimates of algal biomass were made using comptemg data from both chlorophydl (which
measures autotrophic biomass) and ash free dry (A&EdM) which estimates the total organic matter in
periphyton samples and includes the biomass oghacfungi, small fauna and detritus in sampléshe
periphyton samples (Biggs, 2000).

The six sites shown in Table 3 were sampled forippgton in spring in conjunction with the
macroinvertebrate sampling. All periphyton - adnated loose forms of periphyton, as well as
organic/inorganic detritus in the periphyton matuisere collected using the-situ syringe method similar
to Loeb (1981) as described in Biggs and KilroyO@0(Plate 3 & 4). A 1m wide transect was establish
across riffles at each site. Along each transealve samples were collected at regular intervasg a
syringe sampling device, based on two 60 ml syenged a scrubbing surface of stiff nylon bristles,
covering an area of ~637 MnThe samples were then divided randomly into twaugs of six samples to
be analysed for Ash Free Dry Mass (AFDM ®mand chlorophyla. Samples for AFDM (gff) and
chlorophylla analysis were filtered onto glass filters and &mwzSample processing follows the methods
outlined in APHA (2005).

Qualitative assessments of the estimated substosterage by periphyton and filamentous green algae
were also conducted at each site in accordancetimgtAUSRIVAS habitat assessment protocols (Coysh
et al, 2000) to compliment the quantitative samples.

Collector syringe

Brushing
syringe

Plate 4. Periphyton sampler in operation
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2.6 Macroinvertebrate quality control procedures

A number of Quality Control procedures were undentaduring the identification phase of this program
including:

Organisms that were heavily damaged were not selediiring sorting. Attempts were made to
obtain more than 200 organisms, to overcome loagsgsciated with damage to intact organisms
during vial transfer.

Identification was performed by qualified and exeeced aquatic biologists with more than 100
hours of identification experience.

When required, taxonomic experts performed confiiona of identification. Reference
collections were also used when possible.

ACT AUSRIVAS QA/QC protocols were followed.
An additional 10% of samples were re-identifiedampther senior taxonomist.

Very small, immature, or damaged animals or pupae ¢ould not be positively identified were
not included in the dataset.

All procedures were performed by AUSRIVAS accretiiseaff.

2.7 Licences and permits

All sampling was carried out with current NSW stién research permits under section 37 of the
Fisheries Management Act 1994 (permit number P@&L/QD)).

ALS field staff maintains current ACT and NSW AUSKAS accreditation.
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2.8 Data analysis

2.8.1 Water quality

Water quality parameters were examined for compéawith ANZECC water guidelines for healthy
ecosystems in upland streams (ANZECC and ARMCANJAO(®. Trend analyses of water quality
parameters will be conducted at the end of thelimaseollection period. This report only preserdgsuits
based on spring 2011 sampling.

2.8.2 Macroinvertebrate communities

An AnalysisOf Similarities test (ANOSIM) was performed on the maonk@rtebrate similarity matrix to
test whether macroinvertebrate communities werdsstally different upstream and downstream of
Angle Crossing. Sites were nested within locationthe analysis. The Similarity percentages (SIMPER
routine was carried out on the datasets only ifitiiieal ANOSIM test was significant (i.e. P<0.05h
examine which taxa were responsible for, and erpththe most variation among statistically sigaifit
groupings (Clarke and Warwick, 2001). This proogas also used to determine which taxa characterised
particular groups of sites.

Non-metric multidimensional scaling (NMDS) ordiratiwas performed to reduce dimensionality of the
macroinvertebrate data in order to provide a visaptesentation of the macroinvertebrate relatimssh
between sites and locationsVithin the NMDS plot, sites closer together indeathat the
macroinvertebrate communities are more similarrte another than sites further apart in the ordinati
space. In other words, NMDS reduces the dimensitgnal the data by describing trends in the joint
occurrence of taxa. This procedure was performetth@macroinvertebrate community data following the
initial cluster-analysis.

The initial step in this process was to calculatnailarity matrix for all pairs of samples based the
Bray-Curtis similarity coefficient (Clarke and Wapk, 2001). For the macroinvertebrate data colcte
during this survey, the final number of dimensiaras reduced to two. Stress values for each NMDS plo
were examined before results were interpreted.siitess level is a measure of the distortion prodiinge
compressing multidimensional data into a reducédtdimensions and will increase as the number of
dimensions is reduced and can be considered a meaktgoodness of fit” to the original data matrix
(Kruskal, 1964). Stress values near zero suggedt NIMDS patterns are very representative of the
multidimensional data, while stress values gretiten 0.2 indicate a poor representation and, tbheref
the need to interpret NMDS plots with these softstoess values with caution (Clarke and Warwick
2001).

All multivariate analyses were performed using PER/Iversion 6 (Clarke and Gorley, 2006) and
PERMANOVA + (Andersoret al, 2008). Univariate statistics were performed ugtgersion 2.14.1 (R
Development Core Team, 2011).
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2.8.3 AUSRIVAS assessment

In addition to assessing the composition and calitig biometrics from the macroinvertebrate datier
and edge samples, river health assessments bashd ACT AUSRIVAS spring riffle and edge models
were conducted. AUSRIVAS is a prediction systent tls#s macroinvertebrate communities to assess the
biological health of rivers and streams. Specificahe model uses site-specific information todicethe
macroinvertebrate fauna expected (E) to be presenhe absence of environmental stressors. The
expected fauna from sites with similar sets of ted variables (physical and chemical charactesst
which cannot be influenced due to human activieg, altitude) are then compared to the obserxedaf

(O) and the ratio derived is used to indicate tkterg of any impact (O/E). The ratio derived fronfst
analysis is compiled into bandwidths (i.e. X, A-Tgble 5) which are used to gauge the overall hedlth
particular site (Coyshet al. 2000). Data is presented using the AUSRIVAS O/E f&fio
(Observed/Expected score for taxa with a >50% gritibaof occurrence) and the previously mentioned
rating bands (Table 5).

The site assessments are based on the resultsbfstdmthe riffle and edge samples. The overall site
assessment was based on the furthest band fronemeéein a particular habitat at a particular dier
example, a site that had an A assessment in theeatja B Band in the riffle would be given an aller
site assessment of B (Coys#t al, 2000). In cases where the bands deviate signtfisatween habitat
(e.g. D — A) then an overall assessment was avaldedo the unreliability of the results.

The use of the O/E 50 scores is standard in AUSEIMAowever it should be noted that this restrices t
inclusion of rare taxa and influences the sensjtiof the model. Taxa that are not predicted taiocaore
than 50% of the time are not included in the O/&ras produced by the model. This could potentially
limit the inclusion of rare and sensitive taxa anight also reduce the ability of the model to detaty
changes in macroinvertebrate community composiiger time (Cacet al, 2001). However, it should be
noted that the presence or absence of rare taxawdwg naturally over time and in some circumstance
the inclusion of these taxa in the model mightéatk false changes in the site classification tsx#ue
presence or absence of these taxa might be a danofi sampling effort or the effects of a recent
hydrological disturbance rather than truly reflegtecological change.

2.8.4 SIGNAL-2 (Stream Invertebrate Grade Number — Average Level)

Stream Invertebrate Grade Number — Average LeviEBN8L) is a biotic index based on pollution
sensitivity values (grade numbers) assigned to tagoeacroinvertebrate families that have been @eriv
from published and unpublished information on thelerance to pollutants, such as sewage and
nitrification (Chessman, 2003). Each family in anpée is assigned a grade between 1 (most toleaalt)

10 (most sensitive). Sensitivity grades are alsergin the AUSRIVAS output which can then be used a
complimentary information to these assigned banthgitb aid the interpretation of each site assessme

We conducted linear mixed effect ANOVA models sapaly for the riffle and edge samples to test for
location differences in the univariate metrics: NKiL-2 scores and AUSRIVAS OESO ratios. The factor,
“site” (nested within location) was considered adam effect representing the river condition ugstie

and downstream of the proposed abstraction poinmiieMocation (up- and downstream) was considered a
fixed, constant effect. Data transformations westemecessary because the model assumptions were met
on all accounts. Models were constructed using |(Bateset al, 2011)a statistical package applied in
the R environment (R Development Core Team, 208d)).all analyses, the level of significance (alpha)
was set to 5%.
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Several metrics in addition to AUSRIVAS and SIGNA&Llwere used. The number of taxa (taxa richness)
was counted for each site and other descriptiveicsesuch as the relative abundances of pollution-
sensitive taxa (Ephemeroptera, Plecoptera and dpteha - EPT) and, pollution-tolerant taxa, (i.e.
Oligochaeta and Chironomids) were examined at faam genus levels. Taxa richness was monitored as
a means of assessing macroinvertebrate diversityassessing the taxonomic richness of a site, it is
important to keep in mind that high taxa richnessres may, though does not always, indicate better
ecological condition at a given location. In certaistances high taxa richness may indicate a rsspto

the provision of new habitat or food resources thight not naturally occur as a result of anthragug
activities.

Table 5. AUSRIVAS band-widths and interpretations for the ACT spring riffle and edge models

RIFFLE EDGE
BAND O/E Band width O/E band width Explanation
>114 >113 More dlver.se than expected. Potential enrichment or
naturally biologically rich.
0.86 —1.14 0.87 —1.13 Similar to r_e_ference. Water quality and / or habitat in
good condition.
_ _ Significantly impaired. Water quality and/ or habitat
A OfEH =08 potentially impacted resulting in loss of taxa.
Severely impaired. Water quality and/or habitat
0.28 — 0.56 0.35-0.60 compromised significantly, resulting in a loss of
biodiversity.
Extremely impaired. Highly degraded. Water and /or
<0.28 <0.35 habitat quality is very low and very few of the expected
taxa remain.

2.8.5 Periphyton

To test whether estimated biomass (AFDM) and limetent (chlorophyla) were different between sites
upstream and downstream of Angle Crossing, a mititts, analysis of variance was fitted to the-Log
transformed data for AFDM and Chlorophyll-a. Thetéa “site”, was nested within location (upstream o
downstream of the abstraction point). Consequesitg, and location were treated as random and fixed
effects, respectively in the ANOVA model. Log-tréorsnation was necessary to meet the assumptions of
normality. For the purposes of graphical visuailsathowever, raw data are presented.

Final SPRING 2011 16



ActewAGL Distribution
St MEMP Part 1: Angle Crossing

3 Results

3.1 Summary of sampling conditions

Spring sampling was completed over three days iveNber (§ — 11"). MUR 28 was sampled on th&,9
MUR 18 & 19 were sampled on the"l&nd MUR 15, 16 & 23 were sampled on th&.Ilhe mean daily
flow over the three days of sampling at MURWQO9stogam of Angle Crossing) and 410761 (Lobb’s
Hole: downstream of Angle Crossing) were 255 Muid 809 ML/d respectively (Figure 7).

Prior to spring sampling, Snowy Hydro managed awmirenmental flow release from Tantangara

Reservoir in the middle of October, which was neimed at 2000 ML/d over a 10 day period (Figure 2).
A rainfall event at the end of November resultedhisharp increase in flow volume over the final few
days of spring. Although spring flows were modetagre was still only limited edge habitat avaitaht

site MUR 16 and MUR 28, resulting in the collectioh only a single sample (Table 6). The air

temperatures during the sampling period ranged dmwi5°C and 21°C and weather conditions were
mostly fine with occasional overcast conditions aathe rain.

Table 6. Macroinvertebrate samples collected during the spring sampling run

MUR 15 2 2
MUR 16 1 2
MUR 18 2 2
MUR 19 2 2
MUR 23 2 2
MUR 28 1 2

3.2 Field observations

Over the three day sampling period we noted anoaisvidecrease of macrophytes, both emergent and
submerged among all but one (MUR 23) sampling ,sitdgch were probably scoured out during the
environmental flow release in mid-October. Thessvfl have had a noticeable impact on the removal of
some sand and silt deposits in the riffles thatensampled. As we were sampling MUR 19, there was a
short, intense rainfall event resulting in soméidirunoff (which was short-lived) (Plate 5). Flowsre
moderate at all sites and appeared to be incredsiago rainfall during sample collection.

Plate 5. Runoff from the unsealed road at Angle Crossing South side (left) and north side (right)

| Final SPRING 2011 17



ActewAGL Distribution
MEMP Part 1: Angle Crossing

3.3 Hydrology and rainfall

There were two significant high flow events duritige spring period, one during October, prior to
sampling and the second at the end of Novembaer, sétmpling had been completed. The first peaked at
2030 ML/d upstream of Angle Crossing and 1890 Matd.obb’s Hole. The second event was much
larger with the hydrograph still rising at the esfdNovember with the peak during December. The ésgh
flow recorded during November was 4280 ML/d upstrezf Angle Crossing and 5660 ML/d at Lobb’s

Hole. The second event at Lobb’s Hole represemeapproximate average annual recurrence interval of
approximately 1.5 yr.

The first high flow event was a result of the salled environmental flow release from Tantangara
Reservoir. This event occurred in the middle ofdDet, which was approximately 3 weeks prior to the
spring sampling. The second high flow event wasréselt of two consecutive rainfall events separate
by two days (Figure 3). The first rainfall event dne 2%-26" produced 34.6mnand 54.4mm
respectively. This was then followed up on thé™39" with 85.4mm and 87.6mm respectively.
Combined with a number of smaller rainfall evengslier in the month, this was easily the wettest
November on record with 12 wet days totalling 3iin? of rain, with the previous highest November
rainfall in 1989 with 179.8mm (period of record #92011). Compare this to September which only had
24.6mm and was thé"@iriest on record.

Flow conditions during sampling were relativelyldeawith a steady increase in flows during the g da
sampling period due to scattered rain on tha@". Mean daily flow for spring was 606 ML/d upstream
of Angle Crossing and 695 ML/d at Lobb’s Hole (Tahl). Mean daily flow during October were twice
that recorded for September and November due tofltwe release maintaining high flows for
approximately 10 days (Figure 3).

ALS Water Resources Group ACT CITRIX HYDSTRA

Period 3 Month Plot Start 00:00_01/09/2011 2011
Interval 1 Hour  Plot End 00:00_01/12/2011
— 410761 Mbgee at Lobbs Hole 141.00 Mean Discharge (M/Day)
— MURWQO09 Murr U/'S Angle Xing  141.00 Mean Discharge (Ml/Day)
[ 570985 Mbidgee at Lobbs 10.00 Total Rainfall (mm)
0O MURWQO9 Murr U/S Angle Xing 10.00 Total Rainfall (mm)
0 6000.

L — A —_

5000
10

4000

3000 “

2000

20

30

40
1000

Sep | Oct | Nov

Figure 3. Spring hydrograph of the Murrumbidgee River upstream of Angle Crossing (MURWQ09) and
downstream of Angle Crossing at Lobb’s Hole (410761)
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Table 7. Spring rainfall and flow summaries upstream and downstream of Angle Crossing. Flow values
are daily means. Rainfall is total (mm) and numbers in parentheses are season averages

Site Upstream Angle Crossing Lobb’s Hole
(MURWQO09) (410761)
Rainfall Total Mean Flow Rainfall Total Mean Flow

(mm) (ML/d) (mm) (ML/d)
September 28.0 440.2 24.6 535.0
October 50.0 977.1 46.6 1051.0
November 201.6 400.8 311.2 500.2
Spring (mean) 279.6 (93.2) 606.0 382.4 (127.5) 695.4

3.4 Water quality

3.4.1 Continuous records

During the spring period, there was a loss of tlithiand dissolved oxygen data from the continuous
records from the upstream Angle Crossing gaugiagost (Figure 3; Table 8). These parameters have
been affected previously at this site due to @fiabits on the sensor following high flow eventsrithly

site maintenance and calibrations removed thieiasul the parameters are currently recording néymal

Prior to the Tantangara environmental flow reledigitening damaged the pH sensor at Lobb’s Hole
resulting in a period of 24 days without continuagesords (Figure 4; Table 8). The pH sensor was
removed for repair and was reinstated when a repiaat was available. The hydrolab at Lobb’s Hole is
particularly susceptible to lightening damage, desgeing equipped with resin-potted lightening

protection.

Table 8. Details of the issues concerning individual water quality parameters upstream of Angle Crossing
(MURWQO09) and Lobb’s Hole (410761) during spring

Parameter Station Missing data Issue Current Status

Turbidity MURWQOQ9 | 14 days Silt  deposits  on | Functional, following
sensor following high | monthly calibration
flow event

Dissolved Oxygen | MURWQQ9 | 22 days Silt  deposits  on | Functional, following
sensor following high | monthly calibration
flow event

pH 410761 24 days Lightning damage Repaired - Functional

Aside from these outlined issues (above), turbidégdings throughout the spring period was withia t
ANZECC & ARMCANZ guidelines 59.3% of the time upsam of Angle Crossing and 91.33% of the
time at Lobb’s Hole (Table 10). The exceedancdsohb’s Hole were during the middle of October and
also the end of November, which correspond to lihe felease for Tantangara Reservoir during October
and the intense rainfall event at the end of Nowam(Figure 3). The initial elevated turbidity lesel
upstream of Angle Crossing during November aretdueshort intense rainfall where a small incraase
flow created a turbidity spike which, while outsideideline levels was relatively small. This spikas
then followed at the end of November by a largerdase in turbidity in response to the large rdlinfa
event and subsequent flow increase.
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All monthly mean pH readings were within ANZECC aARRMCANZ guidelines (Tables 9 & 10).
However, at Lobb’s Hole, daily mean values excedtiedguideline 18 days during November, while the
upstream site by comparison had 2 days of dailynmedue exceedances. The downstream site also
showed a consistent slightly elevated pH leveht of the upstream site.

The temperature at both of these sites is hightyetated, which corresponds to the increasing amtbie
temperatures increasing towards the beginning ofnser. Similarly, the electrical conductivity values
were all within the ANZECC & ARMCANZ guidelines (R0) (Figures 4 & 5).

Dissolved oxygen levels at Lobb’s Hole were stalild reading within the guidelines for the wholeiqubr
(95.15-100.86 %). Readings upstream of Angle Cngsaiere more variable (88.72-109.86 %), but mean
daily values were outside guideline levels of 90-1dr only 2 days.

3.4.2 Grab Samples

The water quality results from the grab samplegnatturing the macroinvertebrate sampling show that
most physico-chemical parameters were within theZBNC & ARMCANZ guidelines (2000). The
exceptions to this was the turbidity at MUR 15 whis slightly elevated above guideline levels, wltiie

pH at the two most downstream sites also showedied levels slightly above guidelines. There was
also the exceedance of the DO guidelines (albeijt rénor) at site MUR 23 reading 110.1 % above the
guideline level of 110 % (Table 11).

Total nitrogen (TN) and total phosphorus (TP) lewetceeded the guideline values at all monitorites s
during the spring sampling run (Table 10). MUR h6wed the most elevated nutrient levels of allssite
recording 0.056 mg/L for TP and 0.38 mg/L for TNtlwguideline levels of 0.02 mg/L and 0.25 mg/L
respectively. Despite these extreme levels of él@vaboth TP and TN are lower across all sitesh whe
exception of TP at MUR 23, compared to spring sargph 2010.

Table 9. Monthly water quality statistics from upstream (MURWQO09) and downstream (410761) of Angle
Crossing. All values are means, except D.O. % Sat. which is expressed as mean monthly minimums and
maximums. Maximum values for turbidity are in parentheses

Analyte Temp. EC pH Turbidity (NTU) D.O
T (uS/cm) (% sat.)
30-350 6.5-8.0 2-25 90-110
u/s D/IS U/S D/IS u/s D/S u/s D/IS u/s D/S
Sept 12.49 12.63 69.29 7.69 ol aas 90.05-109.86
ept. . - - 78.51 - 7.69 (25.51) (12.13) - - 97.06-100.86
16.96 20.03
Oct. 15.80 15.96 61.72 7.31 89.08-96.38 .
76.76 7.63 (27.79) (31.48) 96.63-100.62
38.32 12.57
Nov. 20.71 20.86 64.65 7.57 88.72-97.98 g
85.54 786 | (156.37) | (92.28) 95.15-99.11
Spring 16.33 16.48 65.22 80.27 7.52 7.73 20.69 13.68 88.72-109.86 95.15-100.86

U/S —upstream; D/S - downstream
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Table 10. Compliance (%) to ANZECC and ARMCANZ (2000) guideline values from the continuous
gauging stations upstream (MURWQO09) and downstream (410761) of Angle Crossing

Compliance values are expressed as the percentage of days throughout the spring period (based on daily
means) that values met the guidelines.

Note: There are currently no guidelines available for water temperature

1 Using available data, does not include 11 days in September and 13 days in October
2 Using available data, does not include 11 days in October and 3 days in November
3 Using available data, does not include 15 days in October and 7 days in November
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495

ALS Water Resources Group ACT CITRIX HYDSTRA

Period 3 Month
Interval 3 Hour
— MURWQO09

Plot Start 00:00_01/09/2011
Plot End  00:00_01/12/2011

Murr U/S Angle Xing 810.00 Max & Min

Turbidity (NTU)

HYPLOT V133 Output 02/02/2012

2011

3961
2971
1987

993

(0x e, af\ ]

30.

— MURWQO09 Murr U/S Angle Xing 450.00 Mean

WaterTemp(DegC)

254
20,
15
10]

5,

M

— MURWQO09 Murr U/S Angle Xing 821.00 Mean EC (uS/cm) Comp 25 C
115,
o0}
653
408
— MURWQO09 Murr U/S Angle Xing 804.00 Mean pH
8.3,
7.8
7.33
6.83
— MURWQO09 Murr U/S Angle Xing ~ 1152.00 Max & Min DO (% saturation)
126.
1163
1063
9671
861
763
Sep Oct Nov

Figure 4. Continuous water quality records from upstream Angle Crossing (MURWQOQ9) for spring 2011
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ALS Water Resources Group ACT CITRIX HYDSTRA HYPLOT V133 Oufpt 180112012
Period 3 Month  Plot Start 00:00_01/09/2011 2011
Interval 3 Hour Plot End  00:00_01/12/2011
— 410761 Mbgee at Lobbs Hole  810.00 Max & Min  Turbidity (NTU)
150,
1003
503
0; o~
— 410761 Mbgee at Lobbs Hole  450.00 Mean WaterTemp(DegC)
25
217
177
13
]
=
— 410761 Mbgee at Lobbs Hole  821.00 Mean EC (uS/cm) Comp 25 C
135,
1103
853
602
— 410761 Mbgee at Lobbs Hole  804.00 Mean pH
8.4
8.2]
fox
7.8]
7.6 MME AR AR A
7.41
— 410761 Mbgee at Lobbs Hole 1152.00 Max & Min DO (% saturation)
105.5
103]
100.5
98
95.5]
93
Sep | Oct | Nov

Figure 5. Continuous water quality records from Lobb’s Hole (downstream Angle Crossing: 410761) for spring 2011
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Table 11. In-situ water quality results from spring 2011

ANZECC guidelines are in bold parentheses. Yellow cells indicate values outside of ANZECC and ARMCANZ (2000) guidelines. Orange cells indicate value is on the cusp of
the guideline.

EC = Electrical conductivity; TSS = Total suspended solids; D.O = Dissolved oxygen; Alk. mg/L; TP =ph  osphorus; TN = total nitrogen

0910

11/11/11 20.7 84.5 32 29 7.83 99.2 8.12 36.0 0.009 0.007 <0.002 0.007 0.056 0.38

MUR 16 1220

111111 21.5 73.2 15 18 7.88 104.2 8.42 31.0 0.003 0.001 <0.002 0.007 0.036 0.32

MUR 18 1030

1011111 21.1 7.7 14 17 7.71 97.7 8.04 31.6 0.01 0.008 <0.002 <0.002 0.030 0.32

0.030 0.31
0.040 0.37
0.029 0.31
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3.5 Periphyton

There was some evidence of a location effect oarophyll-a concentrations (Table 12); with the
location factor explaining 47.1% of the variation éhlorophyll-a concentrations. However, at our
predetermined alpha value of 0.05, these differeweere not statistically significant (F= 6.01;
P=0.07).

There is an obvious increase in mean concentratigitl distance downstream (Figure 5).
Chlorophyll- a concentrations averaged between E®802900 pg/fat sites MUR 15, 16, 18 and
19 then markedly increased to 10338 and 14167 figiilUR 23 and MUR 28 respectively.

There was no such pattern in the ash free dry natss(Figure 6), which, aside from elevated organic
content at MUR 18 follows a reasonably homogendsgilbution among all sites. There was no
difference between locations in the AFDM analysis,E 0.006; P=0.93; Table 12). Less than 1% of
the total variation in AFDM was attributed to vaida within location, while 99% was attributed to
site to site variation, regardless of the sitestion.

Ash free dry mass concentrations during this sargplin were in a similar range to those collected
in spring 2010, however chlorophyll-a concentratiomere notably lower upstream and including
Angle Crossing (i.e. MUR 15, 16, 18 and 19) comgdate spring 2010. At Mur 23 and MUR 28
however, the values recorded here are slightlydrigitan the maximums for spring 2010 although it
should be noted that MUR 28 was not sampled img®010 so no data are available for comparison
at that site

Table 12. Nested analysis of variance results for chlorophyll-a and AFDM concentration

Response Source DF F-value P-value

Chlorophyll-a (log) Location 1 6.01 0.07
Site [Location] 4 5.72 <0.001
Residual 35

AFDM (log) Location 1 0.006 0.93
Site [Location] 4 1.052 0.39
Residual 35
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Figure 6. The distribution of Chlorophyll-a upstream and downstream of Angle Crossing. Strip chart
values (in black) represent the raw data values for each site.
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Figure 7. The distribution of Ash Free Dry Mass upstream and downstream of Angle Crossing
Strip chart values (in yellow) represent the raw data values for each site (See APPENDIX B for an explanation of how to
interpret box and whisker plots)
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3.6 Macroinvertebrate communities

3.6.1 Riffles

Macroinvertebrate communities were not statisycdifferent between locations (R=0.11; P=0.4).
MUR 19 (immediately downstream of Angle Crossinal)sf within the 60% similarity ellipse of the
main group in the NMDS plot (Figure 8) which hasuked in the low R valdePoint Hut Crossing
(MUR 23) and the site upstream of the Cotter Roamfluence (MUR 28) appeared to differ from the
main group. The similarity measurement (indicatgdhe ellipses) between these sites and the main
group indicate that there is approximately 10%edéhce between them. At MUR 23, this appears to
be caused by a high proportional representatiaiefamily: Hydropsychidae (SIGNAL=6), which
on average makes up 51% of the total relative nummbtaxa collected. This can be seen in Figure 8,
where MUR 23 has a distinct increase in the pramordf “sensitive’ taxa - primarily comprising
EPT taxa — of which, the Hydropsycids are membkidR 28, on the hand differs mainly in a
similar dominance of the Dipteran family: Orthodlade (SIGNAL=4) and Simuliidae (SIGNAL=5)

- together accounting for 57% of the community cosifon.

The communities amongst all samples collected weminated by moderately to more tolerant taxa,
which can be seen in the relative abundance peagestin Figure 9. As previously explained, MUR
23 was the exception (a pattern commonly foundhia program) with a very high proportion of
Hydropsycids, which even though have a moderateN8I& score of 6, are included as sensitive
taxa as part of the EPT metric. The remaining sitese dominated by three key groups with
SIGNAL-2 scores ranging from 2-5. These includen@iidae, Oligochaeta and Chironomidae. The
composition of these communities is very similarptevious sampling runs, although there does
appear to be more Gripopterygidae (Stoneflieshendamples and at more sites compared to spring
2010.

Taxa richness at the family level ranged from 181aand 26-32 at the genus level. MUR 16 had the
fewest number of families (16) while MUR 28 had tleevest genera (Figure 9). There was less
variation in the number of EPT taxa (Mayflies (Eptegoptera), Stoneflies (Plecoptera) and Caddis
flies (Trichoptera)) collected during spring, withe total number of families ranging from 7-9;
however, the ranged was slightly broader at theigiésvel (13-17). MUR 28 had the least number of
families and genera from the EPT group (Figure TOese richness scores, both total richness and
EPT richness are comparable to spring 2010. Batiplag runs show no discernable pattern among
sites with respect to these metrics, which is ageflected in Figure 8 where there is a high degfee
similarity among sites.

! Recall that R values tending toward 1 indicate that members of a given group are more similar to one another than they are to
members from other groups. Hence, low R values suggest that some members of a group (here: upstream versus
downstream) are more similar to members of a different group than they are to members in their own group
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Figure 8. Non-metric multidimensional scaling of genus data from the spring riffle samples
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Figure 9. Average relative abundances of sensitive and tolerant taxa from sites upstream and

downstream of Angle Crossing
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Figure 10. Total number of taxa at genus and family levels in the riffle and edge habitat
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Figure 11. Total number of EPT taxa at genus and family levels in the riffle and edge habitat

| Final SPRING 2011 29



ActewAGL Distribution
MEMP Part 1: Angle Crossing

3.6.1 Edge

The two sites immediately upstream and downstredmAmgle Crossing (MUR 18 and 19

respectively) had the highest genus richness valll88 (Figure 10). The most number of families
was collected at MUR 23 (28). MUR 28 had the leashber of taxa at the family level (13) and the
genus level (17). Sensitive EPT taxa were alsodsght sites MUR 18 and 19 (Figure 11), which

was due to an increase in mayfly diversity at thegesites.

Based on the whole community data, the multivaratalysis shows no location difference in the
edge communities (R = -0.148; P = 0.8) as was d&ise avith the riffle communities. The negative R
coefficient indicates that there are some sitesdha more similar in their assemblages to sites in
different location, than to other sites within tlkame location. The NMDS plot (Figure 12)
demonstrates this with position of MUR 19 for ex#mip relation to MUR 16 and 18 in relation to
other downstream sites (i.e. MUR 23). The positbMUR 15 is largely driven by a lower numbers

of the silt-tolerant mayfly, Caenidae (Sighal=4)mmared to all other sites and fewer Corixidae
(water boatmen) (SIGNAL=2).
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Figure 12. Non-metric multidimensional scaling of genus level data from spring edge samples
Ellipses represent the 60% similarity groups superimposed from the cluster analysis (above)
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3.7 AUSRIVAS Assessment

Compared to spring 2010, the current assessmeicaited improvements at all sites (where reliable
comparisons were possible) (Table 14) except forRV&8, which showed no change. There were
two sites assessed ‘@dose to reference’(BAND A) and four assessed &sgnificantly impaired”
(BAND B) (Table 13). At the individual habitat ldyefour of the riffles and three edges were
assessed dslose to reference”(BAND A) (Table 13). The BAND A riffles were at MR 15, 16, 19
and 23, while the BAND A edges were at MUR 16, &8 &9.

There was no obvious pattern in the AUSRIVAS baalliscated to the riffle habitat (Figure 13)
except that there appears to be a drop in the ge€d&/50 score and the average SIGNAL-2 score at
MUR 28. Despite this, there was no difference thesithe OE/50 score upstream of Angle Crossing
compared to downstream of the crossing£B.11; P=0.75) or the SIGNAL-2 scores, (F0.15;
P=0.71; Table 15) even though the decrease séddRt28 lowered the downstream average of both
measurements.

The OE/50 and SIGNAL-2 scores collated from theeeslgmples tended to increase from MUR 15
downstream to MUR 19, but then declined at MUR &&ching their lowest values at MUR 28 (0.81
and 4.06 respectively; Figure 14); however both @i#/50 (k,=0.04; P=0.85) and SIGNAL-2
(F14~0.046; P=0.84) measurements were not differentdst locations (Table 16).

The number of missing taxa from spring 2011 ranfyeth 4 (at the close to reference sites) to 8
(upstream of the Cotter confluence at MUR 28) (ARBEX D). Conoesucidae (SIGNAL=7) and
Glossosomatidae (SIGNAL=9), both sensitive Cadglisfivae, were missing from all sampling sites
in this sampling run; but are yet to be collectexhf any site in the Angle Crossing programme, since
it began in 2008, in spite of having probabilitresiging from 51 — 75% attached to their chance of
collection (APPENDIX D). Compared to spring 2010¢ viound more Elmidae (SIGNAL=7)
especially at MUR 19 and MUR 23. Leptophlebiida&5($AL=8) were mostly absent from MUR
28. The most obvious change however, was the abs#ridydrobiosidae (SIGNAL=8) (Trichoptera)
from 81% of the samples. This Caddisfly was conghjedbsent from MUR 16 and MUR 28 and was
rare at the remaining sites (occurring in only B-samples).

The number of missing taxa from the edge samplegecifrom 0-5. MUR 15 and MUR 28 had the

most number of missing taxa whereas MUR 19 hadldlast. The inventory of missing taxa

(APPENDIX D), suggests for the most part that these low-moderately tolerant taxa with

SIGNAL -2 scores ranging from 2-6. The most semsitaxa missing from these samples included
the stonefly, Gripopterygidae (SIGNAL=8) at MUR 28d the sensitive mayfly (Leptophlebiidae:

SIGNAL=8).

Table 13. Comparison of overall site assessments based on AUSRIVAS Bands between spring 2011
and the two previous monitoring runs

Site Current (Spring 2011) autumn 2011 spring 2010
MUR 15 B B NRA
MUR 16 A B C
MUR 18 B B NRA
MUR 19 A A C
MUR 23 B B B
MUR 28 B B NS

[FNRA — no reliable assessment; TNS — not sampled|
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Table 14. AUSRIVAS and SIGNAL scores for spring 2011

[]

nearly outside the experience of the model

Mur 15 1 4.91 4.25 0.88 0.89 A
Mur 15 2 5.25 0.96 A
Mur 15 3 5.00 0.88 A
Mur 15 4 5.09 4.17 0.88 0.66 A
Mur 15 5 5.00 0.96 A
Mur 15 6 5.23 1.04 A
Mur 16 1 5.00 4.20 0.96 1.11 A
Mur 16 2 5.00 4.00 0.96 0.89 A
Mur 16 3 5.00 4.50 0.96 0.89 A
Mur 16 4 5.09 0.88 A
Mur 16 5 5.00 0.96 A
Mur 16 6 4.73 0.88 A
Mur 18 1 5.00 4.50 0.85 1.11 B A
Mur 18 2 5.00 4.50 0.85 1.11 B A
Mur 18 3 4.70 4.50 0.77 1.11 B A B
Mur 18 4 5.17 4.22 0.92 1.00 A A
Mur 18 5 5.00 4.60 0.77 1.11 B A
Mur 18 6 4.56 0.69 B
Mur 19 1 5.42 4.20 0.93 1.11 A A
Mur 19 2 5.18 4.55 0.86 1.22 A X
Mur 19 3 5.42 455 0.93 1.22 A X
Mur 19 4 4.73 4.60 0.86 1.11 A A
Mur 19 5 5.27 4.55 0.86 1.22 A X
Mur 19 6 5.27 4.56 0.86 1.00 A A
Mur 23 1 5.27 4.60 0.88 1.11 A A
Mur 23 2 5.50 0.96 A
Mur 23 3 5.25 0.96 A
Mur 23 4 5.15 3.57 1.04 0.78 A B
Mur 23 5 5.15 1.04 A
Mur 23 6 5.31 1.04 A
Mur 28 1 4.80 4.14 0.75 0.78 B B
Mur 28 2 4.70 3.83 0.75 0.66 B B
Mur 28 3 4.44 4.22 0.68 1.00 B A B B
Mur 28 4 4.78 0.68 B
Mur 28 5 4.44 0.68 B
Mur 28 6 5.00 0.75 B
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Figure 13. Average AUSRIVAS OE50 scores (top) and average SIGNAL-2 scores for RIFFLE samples
upstream and downstream of Angle Crossing

Error bars are 95% confidence intervals
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Figure 14. Average AUSRIVAS OE50 scores (top) and SIGNAL-2 scores for EDGE samples upstream
and downstream of Angle Crossing

Error bars are 95% confidence intervals
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Table 15. Nested analysis of variance table from the riffle samples, based on OE50 and SIGNAL scores

Response Source DF F-value P-value
OE 50 Location 1 0.11 0.75
Site [Location] 4 22.05 <0.001
Residual 35
SIGNAL -2 Location 1 0.15 0.71
Site [Location] 4 9.13 <0.001
35

Residual

Table 16. Nested analysis of variance table from the edge samples, based on OE50 and SIGNAL scores

Response Source DF F-value P-value
OE 50 Location 1 0.04 0.84
Site [Location] 4 6.37 <0.001
Residual 20
SIGNAL-2 Location 1 0.04 0.84
4 2.59 0.07

Site [Location]

Residual
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4  Discussion

The aim of this monitoring program is to obtaindiase information to include: hydrological, biolcgi
and physico-chemical water quality information, giwill help establish spatial and temporal trends
and downstream of Angle Crossing (Table 2). An taidl objective of this baseline monitoring period
is to consider potential impacts of the construcpbase of the M2G project which is now under way.

4.1 Water Quality

The water quality data did not show any indicatilat it was being impacted by the construction work
at Angle Crossing. Patterns in all the water qugbarameters, upstream and downstream of Angle
Crossing were indicative of flow and seasonal raspe rather than construction related disturbances
(Figures 4 & 5). If there had have been changethén water quality parameters due to the M2G
construction works, then the most likely detectadrthese changes would have been seen in the in the
time series plots downstream of Angle Crossing thate not seen at MURWQOQ9, upstream of the
crossing. However, over the course of spring, nmlgnémd daily fluctuations in the majority of the
parameters were mirrored at both gauging statibiggi(es 4 & 5).

Over the course of spring the overall trend inwlager quality parameters was consistent with chaiitge
flow (Figure 3) and the succession into summer kg 4 & 5). Not one of the turbidity spikes were
uniqgue to the downstream sites, indicating thatragio high flows events and the extended
environmental flow release from the Tantangara Refein mid- October were responsible for these
patterns; and in terms of compliance with the ANZE€ ARMCANZ (2000) guidelines, turbidity was
above the guidelines for extended periods at btk §Table 9) which coincides with the flow releak
should be noted that the upstream site was outsidee guidelines 41% of the spring compared to
downstream which fell outside of the 2-25 NTU lis@% of the time.

The majority of the turbidity exceedances upstreamAngle Crossing occurred following the
environmental flow release. The reason for thisuaiing while Lobb’s Hole — downstream of Angle
Crossing — had higher compliance percentages fbidity, is likely due to the position of the Hydab,
which is situated in relatively shallow water (<l1am)d close to the river bank. As the flows receded,
sediments in the water column probably settledaootind the Hydrolab causing these turbidity spikes.

Plate 6. Position of the Hydrolab at MURWQOQ09
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The physico-chemicatesults from the grab samples also were for thetmart, within the guideline
values (Table 11). Some exceedances occurred at ¥8)JR3 and 28, but these were small deviations
that naturally occur during the daily cycles. Nertti concentrations (total phosphorus and totabgén)
were above the upper limits at all sampling sifEab{e 11). In past reports we have suggested that
background levels are likely to be high in thistesrof the Murrumbidgee River because of extensive
agricultural land use upstream and increasing ushtion beyond MUR 19. These values therefore,
despite being above the recommended guidelinesadrexcessively high compared to the data collected
so far in this monitoring program.

4.2 Periphyton

Neither the ash free dry mass nor chlorophyll-aceotrations were found to differ between locations
(Table 12). However, the distribution of the cortcations showed a ramped increase at MUR 23 (Point
Hut Crossing) which continued downstream to MURR§ure 6 & 7).

Comparable to previous sampling runs it is diffictd attribute these patterns to single causalofact
because of the observational nature of this sagplesign. There is certainly a relationship betwesm
free dry mass and chlorophyll-a concentrations wéhson (i.e. higher concentrations in autumn)clwhi
we attribute to seasonal differences in mean flad the coefficient of variation (acting as a prday
stability). Regardless of season however, we ardirfg that concentrations are considerably higher
downstream of Point Hut Crossing on a regular basiggesting other factors other than flow whioh ar
also determining these patterns.

We reiterate from previous reports that due toldlation of our sampling site at Point Hut crossinat

the likely reason for these steep increases at MBRwhich continue downstream) is nutrient delivery
from the point hut pond spill-way during rainfallents. However, based on the spring hydrographs for
Lobb’s Hole and Point Hut Pond (APPENDIX E) it gaan difficult to form an association given thag th
last spill of significance was in August. The quiative site information shows that amongst alesit
filamentous algae was low (<10%) and at some sitas, absent altogether, this would indicate that th
chlorophyll-a was not necessarily algal derivedlatR 23 and MUR 28 — and this certainly agrees with
our observations and the AFDM from the periphytamgles.

At MUR 23 and MUR 28 there were noticeable diffexes in the submerged macrophyte categories
(dominated byMyriophyllum sp). with 15% and 20 % coverage being estimated foh s#te respectively.

It is unclear why there was more macrophyte groatththese sites, but the reasons associated with
nutrient delivery and uptake at MUR 23 (discusdmalva) would still apply to macrophyte growth

There was a low association between the AFDM resauid chlorophyll-a results suggesting that there
was minimal algal derived chlorophyll-a contenthie periphyton. Variation in chlorophyll-a and AFDM
estimates are inevitable due to site to site variah physical structure as well as those factdready
discussed (i.e. flow, nutrients and other wateliyuparameters). We have only found weak assamati
between the chlorophyll-a & AFDM with both abiotnd biotic factors in this round of sampling even
though in previous studies we have shown both ipesitnd negative relationships with current velpcit
(ALS, 201D). Although we suspect nutrients are driving thpatterns, we suspect there is a lag effect
between nutrient delivery - to plant uptake - tovgth - to when we collect the data which inhibits u
from detecting these trends.

Despite the increased algae and macrophyte grawithdfdownstream of MUR 23, there have been few
reports or personal observations of nuisance gmwathfar; however during low flows in autumn 2009,
the percentage of filamentous coverage was noteoeamy higher than during any other time in the
project but was subsequently removed by the timmgase flows had returned. In terms of the M2G
project, these points require some consideratioanwdtiscussions concerning the timing and duration
water abstractions are held because they may rmeéé tadjusted on a seasonal basis to consider all
abiotic and biotic factors influencing these patserof AFDM and chlorophyll-a concentrations;
especially downstream of Point Hut Crossing.
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4.2 Macroinvertebrate communities and AUSRIVAS assessme nt

Prior to the spring sampling run, there was anrenmental flow release in mid-October lasting 19da
which was maintained at just below 2000 ML/d oveattperiod. Following the release it was apparent
from our field observations that there was a radnabf fine silts in the riffle zone and macropls/teere
sparse, if not absent in this habitat (except aRVR3 and 28).

Macroinvertebrate communities did not differ sigrantly between sites nested within upstream and
downstream locations (Table 15 & 16), althoughe¢heas some indication that there were differentes a
specific sites (MUR 23 and 28 for the riffle daidJR 23 and 15 for the edge data). The non-significa
result is not surprising since the ~2000 ML/d eominental flow release is likely to have had a
homogenising affect upon all of the sites in thl8sessment. Lake (2000) suggests that high flowtgven
act as a re-set mechanism on benthic macroinvateellrommunities and as such would increase
similarities amongst sampling sites. This is beeahigh flow events tend to connect sampling sitet a
create similar hydrological characteristics amortgssse sites during the high flow period (Figure 3)
thereby reducing spatial variability (Thomaz al, 2007). Consequently, the macroinvertebrate
communities are exposed to similar conditions whshbuld, in the absence of other overriding factors
result in similar community assemblages followihg event.

Riffle communities were 60% similar in the main gpoand the two outlying sites (MUR 23 and MUR
28) combined with the main group was approximas®%o similar in their community structure. If

the environmental flow release did have an ovargdiomogenizing effect upon all of the samplingsit
then the compositional changes occurring at MURa28 MUR 28 must have occurred in the 17 day
period following the end of the release, when thea@es were collected. The differences seen aethes
sites are largely driven by high estimated abunesua¢ Orthocladiinae at MUR 28, and Hydropsychidae
at MUR 23.

Orthocladiinae (non-biting midges) were the domingmoup at MUR 28 resulting in its deviation from
the main group of sites in the NMDS plot (Figure B)e estimated abundance of this sub-family of-non
biting midges (Family: Chironomidae) increased redti with distance downstream, in a similar fashion
to the spatial pattern of the chlorophyll-a concatiins. The reason this was investigated was lsecau
Orthocladiinae are algal grazers (Gooderham andis2005), so if the food supply (i.e. chlorophal

as a proxy for algal biomass) increases, then @orih so too should the production of the grazers.
Hydropsychidae (net-spinning caddis) have oftennbieind to be the dominant taxa at Point Hut
Crossing, and in this study for example, make ummsiderable proportion of the estimated relative
abundance of sensitive tdxshown in Figure 8. The reason for the regular damie of this taxa at
MUR 23 is not yet definitive, but based on sevdiags of evidence including observational data,
periphyton data, point hut pond hydrographs andratisearch — which has shown that Hydropsycids
proliferate in nutrient enriched environments (\dtblm, 1984) — we suggest that this linked to the
location of the site and the constant nutrientvéeli via the Point Hut Pond spillway during highvi
events.

Aside from MUR 23 and MUR 28, there was a high degof similarity (60%) amongst the main group
which was characterised by moderately tolerant faxxaessing traits that either facilitate a degrée
resistance to high flow events, such as Chironoraitts Oligochaetes which are sediment dwellers or
taxa that are rapid colonisers following high flosturbances such as Simuliidae. These patterns hav
been observed in previous sampling runs where tédgh flow disturbances have occurred. In previous
studies we have found that following high flow distances Simulids and Chironomidae dominate the
community structure amongst all sampling sites Wwiscindicative of early stage succession (Cobied
Quinn, 2003; Niemet al, 1990).

2 Technically Hydropsychidae is a moderately sensitive macroinvertebrate with a SIGNAL -2 score of 6. However because they
belong to the EPT group they are included. ALS suggest sub-setting this univariate metric into sensitive taxa with SIGNAL-2 scores
of >7 for a better indication of the diversity of the highly sensitive macroinvertebrates
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The AUSRIVAS assessment did not reveal locatiofetéhces in the observed to the expected taxa
ratio’s for either the riffle or the edge habitgfsables 15 and 16). Most of the missing taxa oezlrr
amongst all sampling sites, (i.e. no uniquely migsbugs) which again is indicative of a uniform
disturbance influencing all of the sites in a sanilvay (APPENDIX D). One exception to this was the
riffle beetle, Elmidae (SIGNAL=7) which was not legted at all upstream of Angle Crossing, but then
specimens were found at all sites downstream oflé@yossing. This may be due to increased flow
volumes or increased velocities downstream of thesing, favouring the establishment of these bgetl
(Brown, 1987).; and although Elmidae are sensitivehanges in water quality, water quality in thése

can likely be ruled out because in this study there indication that the parameters currently iooed
differ significantly between locations.

There were improved overall AUSRIVAS assessmentllahe sites, with the exception of MUR 28,
which wasn’t sampled in that period. Base-flow fmirsg 2010 was particularly high, resulting in High
variable edge samples and a loss of common taxadhaire slow flowing water and this resulted in
BAND C’s and in some cases no reliable assessntesitess which were highly variable. The edge
habitats during this round of sampling improvedaktsites expect MUR 28, which has a poor habitat
quality and therefore is unlikely to support theeaisity of taxa that a reference condition site Mtou
(Maddock, 1999). Support for this comes from Figut® and 11, which shows lower overall taxonomic
richness and EPT richness compared to the otheplsansites. The improved assessments given to
MUR 16, 18 and 19 resulted from the re-establishn@énthe usually common: Leptoceridae (stick
caddis); Corixidae (water boatmen) and Caenida&hmiiere dislodged during a particularly wet spring
period. In that sampling run, samples were coltkétss than 10 days after the base flow recedsdf®
wading levels meaning recruitment was probably etbvbecause of continual high flows. In this
sampling run however, sampling was carried out@pprately 20 days following the environmental flow
release, resulting in more recruitment and hencengnovement in the AUSRIVAS assessment. These
results support our predictions from spring 2010.$A2010) where we suggested that once the high
flows subsided, recolonisation should occur resglih improved AUSRIVAS scores.

The current condition of the Murrumbidgee macroneferate fauna is similar to all previous runs in
terms of community composition suggesting a higgrele of a) resistance to hydrological variation and
b) resilience — i.e. when taxa are displaced (Mifleal, 2007), given that there is sufficient time since
the disturbance, these taxa are not displaced pemiist. There is anecdotal evidence from this sargpl
run that the environmental flow releases improveel tiver substrate by removing some of the fine
sediment build up that has been observed over thgiqus sampling runs and has removed a
considerable proportion of the macrophytes standitmgk. One indicator of this was we found an
obvious increase in Gripopterygidae and Colobulesei(MUR 15 only) numbers and there has been a
subtle increase in the number of EPT taxa at theigtevel (EPTg) compared to previous sampling.runs
Many of these taxa require clean, silt-free subs$rdor survival and the increase of EPT genera may
indicate that following the flow release, habitaatity and availability has increased. At the fanidvel,
these patterns are not so clear and maybe one aéésons that to date, the AUSRIVAS protocols have
not been detect these subtle differences.
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5 Conclusions and Recommendations

The water quality results show no evidence of beiegatively impacted downstream of Angle Crossing
due to the construction work currently underway ediately upstream of the crossing. Compliance of
these water quality parameters to ANZECC and ARMZAIRO00) guidelines ranged from <30% for
turbidity values upstream of Angle Crossing to 100%EC and pH. Turbidity had the most exceedances
for the spring period, but because these were gpsineam of Angle Crossing, which is outside of the
construction area, we conclude that this is neiteel to the M2G project. Nutrient values were olgsf

the recommended upper limits which is consisteth e results throughout the history of this pewgr
Even following periods with little or no rainfalhe nutrient levels in this part of the catchmearhain
about the ANZECC recommendations suggesting higtk lgmound levels and perhaps a need to re-
evaluate these upper limits specifically for thessches of the Murrumbidgee River.

Algal biomass as chlorophyll-a did not differ beemdocations but did show a longitudinal trend, ehhi
sharply increased at MUR 23 downstream to MUR 2ter& was no such trend evident from the AFDM
data which suggests that the chlorophyll-a wasafgdl derived but from macrophytes, which our field
data sheets support.

AUSRIVAS site assessments indicate that comparespbtmmg 2010, the current assessment indicates
improvements at all sites (Table 13) except at Md8Rvhere there was no change.. There were two sites
assessed dslose to reference”’(BAND A) and four assessed asgnificantly impaired” (BAND B) At

the individual habitat level, four of the rifflesx@ three edges were assessedclsse to reference”
(BAND A). In both habitats, these improvements hbeen due to the recolonisation of several common
taxa which were dislodged from their habitat durmgh spring flows, but with a longer period betwee
the disturbance and sampling, have been abledstedlish in the sampling run.

The environmental flow release appears to havee(bas field observations) removed some of the fine
silt built up in the riffle habitats and scoured adarge proportion of the submerged macrophytatdre
usually seen. There is some indication of increamedber of sensitive taxa - taxa that prefer clatin

free substrates - colonising these sites sincedmgronmental flow release. Despite this, the aWer
community composition remains very similar to poesd sampling runs, which suggest a high degree of
resistance to disturbance and resilience (thetyhdi recolonise) following high flow disturbancaad
also reflects the homogenising effect that highvflevents can have on macroinvertebrate communities
from different locations.

While there appears to be a high degree of resistamd resilience amongst these sampling sites to
various high flow disturbances, one of the key lgmgles of the M2G project is to use this to evaluat
likely scenarios for community outcomes and of dgatal changes under the 80:90 pumping rules (ACT
Government, 2006). While we have data relatingigh Hlow disturbances, situations under low flow
conditions is less common.

Deriving useful indicator taxa from the currentlyadable data and literature would benefit the @cojn
terms of assessing more subtle aquatic impactsselimdicator taxa would provide another line of
evidence to determine whether potential impactsflave related due to the operating rules of M2G or
have occurred from other environmental factors. (dagzacano and Black, 2009).
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Appendix A —
Potential effects of reduced flow and their knock-on
effects on habitat conditions and macroinvertebrate
communities
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*Reproduced with permission from the authors.
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Appendix B —
Interpreting box and whisker plots
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Box and whisker plots are intended as an exploratory tool to help describe the distribution of the data. The
blue points on the inside of the plot area indicate the raw data values that make up the distribution
portrayed in the boxplot. The plot below explains how the box and whisker plots should be read.

° <+——  Outliers: more than 1.5 times larger than the interquartile range*

- <4——  Maximum value excluding outliers

<«—— 75" percentile

A

50" percentile (median)

A

25" percentile

— <4——  Minimum value excluding outliers * = raw values

* The interquartile (IQR) range is the difference between the 25" and 75" percentile. This value is
important when two sets of data are being compared. The closer the values are to the median, the smaller
the IQR. Conversely, the more spread out the values are, the larger the IQR.
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Appendix C —
ANOSIM output for riffle and edge samples
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Analysis of Similarities

Two-Way Nested Analysis

RIFFLE

TESTS FOR DI FFERENCES BETWEEN Site Code GROUPS

(across all Location groups)

d obal Test

Sampl e statistic (@ obal R): 0.655

Significance |l evel of sanple statistic: 0.01%

Nunmber of pernutations: 9999 (Random sanple from a | arge number)
Nunber of pernuted statistics greater than or equal to obal R 0

TESTS FOR DI FFERENCES BETWEEN Locati on GROUPS

(using Site Code groups as sanpl es)

G obal Test

Sanple statistic (@obal R: 0.111

Significance | evel of sanple statistic: 40%

Nunmber of pernutations: 10 (Al possible pernutations)

Nunmber of pernuted statistics greater than or equal to Aobal R 4

EDGE

TESTS FOR DI FFERENCES BETWEEN Site Code GROUPS

(across all Location groups)

d obal Test

Sampl e statistic (G obal R: 0.953

Significance level of sanple statistic: 0.1%

Nunber of pernutations: 999 (Random sanple from 11642400)

Nunber of pernuted statistics greater than or equal to obal R 0

TESTS FOR DI FFERENCES BETWEEN Locati on GROUPS

(using Site Code groups as sanpl es)

d obal Test

Sanple statistic (Aobal R: -0.148

Significance |l evel of sanple statistic: 80%

Number of pernutations: 10 (Al possible pernutations)

Nunmber of pernuted statistics greater than or equal to Aobal R 8
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Appendix D -

Taxa predicted to occur with >50% probability but
were not collected in the spring samples
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APPENDIX D. Taxa expected, but not collected in the riffle habitat. The number in each cell is the
probability of collection

Mur 15 0.93 0.69 0.85 050 056 0.51 6
Mur 15 0.93 051 0.52 0.56 0.51 5
Mur 15 093 051 052 050 056 0.51 6
Mur 15 Riffle 0.93 051 0.69 050 056 0.51 6
Mur 15 0.93 051 050 056 0.51 5
Mur 15 0.93 051 0.56 0.51 4

s

RS

s

]

6
Mur 18 095 0.60 0.63 056 0.68 0.64 6
Mur 18 095 0.60 0.63 056 0.68 0.64 6
Mur 18 095 0.60 0.63 093 056 068 0.64 7
mur1g  Riffle 082 095 060 0.68 0.64 5
Mur 18 0.82 095 0.60 0.63 056 0.68 0.64 7
Mur 18 0.82 095 060 0.63 093 056 068 0.64 8

064 5

064 060 6

064 s

064 6

6
Mur 23 0.51 0.73 0.70 050 055 051 6
Mur 23 0.51 0.73 0.70 055 0.51 5
Mur 23 0.51 0.70 050 055 051 5
Mur 23 0.51 050 055 0.51 4
Mur23  Riffle 0.51 050 055 0.51 4
Mur 23 0.77 0.51 055 0.51 4

I

I

8

8

8

I
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APPENDIX D (cntd.) Taxa expected, but not collected in the edge habitat spring 2011

MUR 15 Edue 0.65 0.97 0.83
MUR 15 9 0.83

MUR 18 0.62

MUR 18 0.62

MUR 18 Edge 0.62

MUR 18 0.65 0.62
MUR 18 0.65

MUR 23 0.65
MUR 23
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Appendix E -

Point Hut Pond Hydrograph: Spring 2011
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Appendix E. Point Hut Pond and Lobb’s Hole Hydrograph showing mean daily flows (in Cumecs) for
spring 2011
ALS Water Resources Group ACT CITRIX HYDSTRA  rveorvis oupuz2oz012
Period 6 Month Plot Start 00:00_01/06/2011 2011
Interval 6 Hour  Plot End 00:00_01/12/2011
— 410853 Point Hut Pond 130.00 Max & Min Reservoir Level(M)
— 410761 Mbgee at Lobbs Hole 140.00 Max & Min Discharge (Cumecs)
75572.78
572.684
50
572.584
25
I h ) . ) ‘ . )
572.484
0572.38
Jun Jul Aug Sep Oct | Nov
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