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EXECUTIVEBUMMARY

GENERAL BACKGROUND

There is growing interest in the construction apngeration ofnew, large infrastructurespecifically designed,
constructed and operated for environmental outcomes as a managemen{\Wiadsor Report, 2011

However, there is considerabimcertainty in the ability of environmental water allocations to achieve
balanced ecological outcomes when delivered to specific gitaonstructedinfrastructure rather than

being delivered to interconnected ecosystemalandscape (river reach) scale releadestential challenges

to achieving ecologically equivalent outcomes include, but are not limited to, (i) provision of cues to trigger
biotic responses, (ii) facilitating lateral and longitudinal connectivity, (iii) provision of diverse hydraulic
conditions, and (iv) maintenance of appropriate water quality.

Within South Australia, large infrastructure to deliver environmental water to flamdmssets has been
constructed at Chowilla Floodplaitali KS a dzNNJ & 5F NI Ay3a . FaAy ! dzi K2 NR{G&
program Planning is proceeding feimilar infrastructureo be constructed and operated dahe Pike
Floodplain and the Eckertéatargpko Floodplairviathe South Australian Riverland Floodplain Integrated
Infrastructure Program (SARFIIP). Thewilla floodplains one of the MDBA Living Murray nominated Icon
Sitesinthe Murrayp I NX Ay 3 . | &heyividg dadrfsy2Prayrétiite/aAvww.mdba.gov.au/what
we-do/workingwith-others/ten-yearsof-tim-program). The Chowilla Environmental regulator and ancillary
structures represent amvestment of approximately $6&illion in restoring the condition and ecological
function of the Chowilla Floodplai@ver the last decade, the Department of Environment Water, and
Natural ResourceDEWNIRhas facilitatedsignificant investment in assesent of risks and benefits
associated with the operation of the Chowilla regulator and associated infrastructure and in the
development of risk mitigation strategies. This work has been undertaken by-daisdiplinary tears of
technical experts anthe accumulated knowledganderpins the Chowilla Operations Pli@iallace &

Whittle, 20144.

Initial testing operations of th€howilla Environmentaldgulator and ancillary structures will be heavily

reliant on computer models angccumulatecconceptual understanding of the impabe infrastructure will

have on hydraulic conditions and water quality within the floodplamabranch complexThe consequences

of these models providing incorrect informatiamclude potential exceedance of guideline valy@s\ZECC,

2000, South Australian statutory limi{&overnment, 200Band limitsfor water qualityspecified in the

Basin PlaiCommonwealth of Australia, 200R Y R ONBF 4SS OKI ff Sy3asa 4 {! 2t
located further downstreamMore importantly, failing to mange the system in a manner that maintains
appropriate water quality and habitatould be ctastrophic for theorganisms that the infrastructure aims to
protect, and for community acceptance of large engineering solutions in the floodplain environments along

the River Murray.

PROJECT PURPOSE

Thereis existingdata on release adissolved organic carbo®QQ and changes idissolved oxygerDO
associated with poded flooding (managed watering) ioidividual wetlands at Chowill@Vallace, 2008
Wallace & Lenon, 20)0anddata on hypoxic blackwater pcesses at upstream locations (e.g. Barmah
Forest) where hypoxic blackwater events have occurmlvitt et al,, 2007 Whitworth et al., 2013.

However, there is hoddequate data relating changes in dissolved oxygen to changeaderpation and
bioavailability of nutrients resulting from managed floodplain inundations under low flow conditions in the
lower River Murray. Given the potential risk associated with hypoxic blackwater events, this is a critical
knowledge gajpor the delvery of environmental water via constructed infrastructure

Thisprojectenabled use of the first testing event of the Chowilla Regulaihal the associated ancillary
structures in 2014o (i) collect the field data required to validate the hydraulicdabused in the
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development of the operations regimes; and (ii) assess some of key water quality hazards that had been
identified in the Chowilla Operains PlanWallace & Whittle, 2014cTheknowledge gained in this project
has application to idectly influence operationalules and procedures used in decision makingigivery of
environmental wateto large floodplain assetgaconstructed infrastructure

It is reasonable to anticipate a large degree of transferability of knowlgdgeratedfrom studies at
Chowilla b other siteghat are planning the construction and use of similar infrastructitravill be
important to take advantage of thopportunity to transfer learningetween sitedor a range of scientific,
ecological and economic reasons. Examples of benefitude (i) accelerated learning, (ii) improved
predictions of outcomes under different conditions, (iii) enhanced capacity to test the ability of planned
mitigation techniques to actually manage risks, (iv) avoid repeating negative outcomes, (v)\baiaga
and hence able to respond to previously unconsidered issaed (vi) the inherent economic value in
coordinated monitoring.

PROJECECOPE
The project is split intethree primarytasks:

1. Assess changes in water quality associated withofteration of the Chowilla Regulator
2. Modify the existing Blackwater Risk Assessnierul

3. Validateand recalibrate the 12D Mike FLOOD hydrodynamic modékst areused to predict
water exchange and changes to hydraulic habitats on the floodplain.

Taskl represents the majority of the workload undertaken directly by the project team, and represents the
main body of this report. Taskinvolved(i) modification of the existing Blackwater Risk Assessrent
(Whitworth et al,, 2013 to be appropriate for use at sites in South Australia, and (ii) assessing the utility of
the modified model for predicting changes in water qualitask 3 wafunded and managed by DEWNR
through the TLM prograrand represents a major 4ikind contributionto the project.

The combined outcomes of the project contribute dentifying knowledge gaps in existing risk assessments
mitigation capability and refing thecumulative risk profilefor e-water delivery using floodplain
infrastructure In additionto the synthesis of the findings of the monitoring (the main report presented here)
the lead author has participated in two reviews of the outcomes of the testing event that have been
facilitated by DEWNRThreepresentatiors of thefindingsof the project have been made to date: (Dé

Goyder Institute Annual Conference 20d8ater Research Showca@g the Chowilla Community

Reference Committeeand (iii) theSARFIIP working group including representatikee® DEWNR and

MDBA.

RESULTS

ORGANIC LOARG

Floodplain eucalypts, particularly river red gum and to a lesser extent black box generate a large standing
biomass of leaf littefWallace, 200Pand represent large source of allochthonous organic matter to
floodplains and wetland&Glazebrook & Robertson, 1998rancis & Sheldon, 20pMeasurement of

organic loadingnableg(i) generaton of an estimateof the potential load of carbon and nutrients that could

be released into the water column; and (ii) the potential impact on dissolved oxygen both in the impounded
area and in the receiving waters. Natu@iganidVatter (NOM)loadingat the riparian tree line of

permanent and temporary creeks, within temporary wetlands and on open-ymoded) floodplain sites

was highest and most variable (average = 2,087 + 3,713 along the permanent creek lines.



In an estimate of the relative iportance of flooding as a source of carbon to aquatic foodwebs, Robertson
et al., (1999 calculatel that with daily phytoplankton productivity of 0.6 gCday", annual net production

by riverine phytoplankton in a river reach 100 km long by 100 m wide, would be 2,190 tonnes of carbon.
Gawne et al.(2007) used a lower estimate of phytoplankton productivity (0.28 @) and estimated that
the annual productivity within such a reach would be 1,6@#es of carbon. Robertsaet al., (1999

calculated that a floodhat inundated ca 44 kfwould deliver as much DOC to the river as the net annual in
stream phytoplankton productiorin the 10 knd reach Gawneet al., (2007) estimated that only 34 ki

would need to be inundatedlhe area inundated dirg the 2014 testing event was estimated to be 23.02
km? (MDBA, 201% Using data on NOM loading collected in this study and the data wienurelease from
floodplain plant material published by Brooketal., (2007, we estimate that 603 tonnes of DOC would

have been mobilised into the water column from the inundation of the floodplain. Based on this, 3901.6 ha
would need to be inundated to produce the 1,022 tonnesef annual irstream phytoplankton production

in the 10 kn reachestimated byGawne et al.(2007). This area is well within the capacity of the maximum
inundation extent achievable with the Chowilla Enviremtal Regulator; at QSA = 40,000 MLYalke
estimated inundation area is 7,060 Hn estimate of the potential increase in biomass of higher order
consumers resulting from th2014 testing evenindicates that approximately 600 kg of DOC may have been
assimilated into higher trophic levels (e.g. fish).

SALINITY IMPACTS

Discharge of saline groundwater into the anabranch creek and the river folléwods and high flows a
natural occurrence, but represents a hazéwdsurface water salinitthat must be manageddowever,

during the 2014 test event, there wer® exceedancgof the Ecological Target far-stream salinity; he

daily data for salinity (measured as EC) recorded at the water quality station in the river downstream of
Chowilla (Sition A4260704) indicates that during the period"ZSeptember 2014 30" January 2015, peak
EC was 276 pScinwell below the EC target of 580 puStrithe magnitude of increase above ambient EC
(recorded upstream of Lock 6 at statich4261022)vas smallpeakingat 59 pScrifon the 2% November

2014

TURBIDITY ANOHP

The water quality parameters; pH, turbidity and chloroplyitere measuredn-situ viavertical profiles
conducted at each sampling site at the time of collecting the water sanipteseis some temporal

variability in pH evident in the data. However, the values recorded remained within the range(@)6

specified in Swedule 2 of the Environment Protection (Water Quality) Policy (2008).median value for
turbidity recorded acrosshie sampling period remained below the 50 NTU threshold specified in schedule 11
of the Basin PlafCommonwealth of Australia, 201for the reference site upstream of Lock 6 (A4261022)

all sites in the Lock 5 weir pool (A4260705, A4260704, Al, A4260703) and the anabranch (A4261107,
A4261224).

ALGAL COMMUNITY

Chlorophylla was typically higher in the anabranch (A4261224) compared to the upstream reference site
(A4261022), particularly during the recession phase when concentrations wapgP" higher in the

anabranch. This indicates that ctitions within the anabranch were amenable to supporting faster growth
rates within the anabranch. The data the receiving waters of the Lock 5 weir pool indicate that
chlorophyllawas elevated in the river downstream of Chowilla. It is possible tiatricreased values
observed are a result of phytoplankton growth resulting in an accumulation of biomass within the relatively
slow flowing tail water section of the Lock 5 weir pool.

The data for chlorophy# in Coppermine wetland and Werta Wert watld demonstrate that there was an

algal bloom in bottof thesewetlands. Key differences between the two wetlands include the species

presentl YR GKIFG Ay 2SNIF 2SNI ¢SGflryR GKS KAId&arly f 3 f
December, posslip as a result of exhaustion of the available pool of available phosphorus in this wetland. In
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contrast, in Coppermine wetland the bloorassustainedhroughout the sampling perigcand the pool of
available phosphorus did not appear to be limiting. Coppee wetland also sustained a large biomass of
the emergent macrophyte Moira gragaslso known as spiny mud gragByeudoraphis spinescegumiring the
2014 testing event. Wallace and Len@0@10 also recorded high algal biomassthis wetland during a
pumped and ponded managed inundation during late spsagme (November 2009-ebruary 2010).
These observations demonstrate (i) that Coppermine wetland has a very high capacity to sustain plant
productivity; and (i) thathe phytoplankton community ieach of the large wetlands is likely to respond
differently duing managed inundations.

In the anabranch and receiving waters of the Lock 5 weir pool, the combined total concentration of
geosmin+MIB were less than tisA Water River Murray Water Qualisyget (<10 ngt) throughout the

testing eventln addition,the concentration of iron (Fe) and manganese (Mn) was below the threshold limits
specified inSchedule 2 of the Environment Protection (Water Quality) Policy (2003) at all times.

CARBON AND NUTRIENTS

The time series data for the concentrationtofal nitrogen (TN), total phosphorus (TRXidised nitrogen
(NOx) ammonia (Nk), filterable reactive phosphorus (FRP), dissolved organic carbon (DOGyland 5
biochemical oxygen demand (B§)DBemonstrate that the concentrations of these resourcemained
below the respective limits stated in Schedule 2 of the Environment Protection (Water Quality)(PoU8y

A comparison of the results from the two reference sites; (i) upstrefirock 6 (A4261022) and (ii) the Lock

5 weir pool upstream of Chowilla Creek (A4260705) reveals that there are significant differences in the
concentration of resources between the two reference sites at varying times. This result is considered to be
a result of a large proportion of flow to SA (QSA) being diverted through the anabranch, such that the reach
between Lock 6 and the junction of Chowilla Creegerienced very low flonwduring the rising limb and

peak of the hydrograpiConsequently, it is ewidered that A4261022 onsidered to bex more reliable

indicator of ambient water quality.

There were significant differencestime concentration of resourcest the upstream referencaite

(A426L022 and the receiving waters in the Lock 5 weir pool (A4260@04arious dates during the testing
event. Of the 28 significant differences in water quality detected over the 20 sampling periods, 18 of the
significant differences occurred during tBesamplhg periodsconductedbetween the & of October and the
4™ November 2014indicating that the largest influence of return flows from the anabranch to the river
occurred during theising limb andgpeak of the hydrograph. It is considered that the paucftdifferences
between A4261022 and A4260704 during the recession phase reflects the dilution being provided by an
increasing proportion of QSA being delivered down the main channel dinengcessiorand the

progressive lowering of Locki®m the peak kight required to achieve the inundation back to routine
operation level (19.25 mAHD)

A comparisorbetween thesites within the anabranch reveals that there was a higher frequency of

significant differences between the most upstream site (A4260580}Iaa sites further downstream in the
anabranch. This trend is potentially due to dilution of resources as a result of the substantial inflow into the
anabranchvia Pipeclay Creek, Slaney Creek (upstream of A4261107) and Boat Creek (upstream of A4261224)
respectivelyThere aresignificant differences in the concentration of resources at various dates during the
testing period between the reference site upstream of Lo§h4261022and the sites in the Lock 5 weir

pool downstream of Chowillacluding thesite immediately downstream of the junction of Chowilla Creek
(A428)704), the site in the mideach of the Lock 5 weir pool (A426A1) and the site in the loe@ach of the

Lock 5 weir pool (A426070Q3phis indicates that return flows from the Chowilla Bramch are influencing

the abundance of resources to fuel primary productivity for at least 40 km downstream of the return flows.



DISSOLVEOXYGEN

The data demonstrate that ambient DO in the receiving water in the river channel downstream of the
junction of Chowilla Creek and the rivtation A4260704)vas always above 8 mgd during the testing

event. Therefore, it is considered that the management regime utilised in the testing event was successful in
maintaining appropriate conditions within tHeock 5 weir pool.

Wallace(2008) utilised observed oxygen depletion rates recordeditu during ponded floods within

managed wetlands at Chowiloodplainto calculate that with amexpectedoxygen depletion rate dd.82
mgQL'day’, a daily exchange equivalent to 20% of the stored volume (replacement with fresh, oxygenated
water from the creek/river) would be sufficient ensure a low likelihood of dissolved oxygen in the
impoundedareafalling belowé mgQL™. Data from thetelemeteredmonitoring $ations within anabranch
demonstrates that &solved oxygen was always above 6 pij@t each of the anabranch sites. The

minimum daily exchange for the total impounded volume was 19.8% on th®©t&ber. Apart from this

single dy, daily exchange for the total impounded volume was always >R228considered that the
maintenance of normoxic conditions (DO above 6 aijjDvalidates the 20% daily exchange rate as an
operational limit offering a low likelihood of onset of hypaxia

Within the permanent creekshe greatest depletion in DO occurred at the most upstream site within the
anabranch (A4260580)he data shows that in the anabranch upstream of Punkah Crossing (A4260580)
between the 18 and 26" October, DO declined in a linear manner from approximately 9.6 to 6.6lxgO

(rate of loss = approximatel).2 mgQL'day"). Although dissolved oxygen did not fall below the 6 BgO
threshold, it is probable that dissolved oxygen would have falidav the threshold at this site if any

additional load of NOM was added to the system; i.e. if the inundated area was increased at this time, prior
to a stabilisation in condition®uring the period between the ¥%and 26" October average daily dilution

for the total stored volume was 26% (range =2%36). However, the average daily exchange for the water
upstream of A4260580 was 15.8% (std dev = +0.86). Consequently, lower rates of daily exchange may have
resulted in a more substantial and potentialloplematic decline in dissolved oxygen.

It is considered likely that the difference in magnitude of oxygen depletion that is observed between
A4260580 and the two sites that are further downstream in the anabranch (A4Z&kDA4261224) is
primarily in esponse to dilution upstream of A4261107 from riverine inflevesPipeclay and Slaney Creeks,
and additional dilution upstream of A4261224 due to riverine inflowaBoat Creek. Whilst the inflows

provide much needed dilution and maintenance of divergdrhulic conditions, the potential for even

higher inflows into the middle of the anabranch systeimPipeclay Creek, Slaney Creek and Boat Creek to
exacerbate conditions in the upper anabranch also needs some considedatioig planning of future

events; visual observations during the weekly sampling included comparatively low turbulence at the water
surface and large accumulations of floating plants and organic debris in Punkah Creek upstream of the
junction of Slaney Creek. This indicates that dupiegods of high inflows, the driving head and discharge
GKNRdzAK {flFlySe / NBS{1Z tALISOflIe / NBS1Z FYyR .2F0 [/ N
water in Punkah Creek upstream of these major inlets has an increased retention time witkiystem.

ZOOPLANKTON

The abundance of zooplankton was higher in the anabranch (A4261224) thesfehence sitan the river
upstream of Chowilla Cre€R4260705) during the peak of the hydrografthis resultiemonstraesthat

the anabranch was a major source of resouricethe river channel during the 2014 testing evemhe
estimated load of zooplankton was similar at all three sites on tHeS3€ptember, but was markedly higher

in both the anabranch (A4261224) and tleeeiving waters in the Lock 5 weir pool (A4260704) than the
reference site (A4260705) on the™4nd 28" of October. On the last twsampling periodsthe load in the
anabranch (A4261224) was similar to the upstream reference siteyaselevated inthe river downstream

of Chowilla (A4260704). It is considered that the relatively low abundance of zooplankton recorded in the
return flows (A4261224) during the recession phase of the hydrograph is due to a combination of (i) high



dilution, and (ii) the egulators on the large wetlands (Werta Wert and Lake Limbra) being closed during the
recession phase. The high dilution rate is an artefact of the maintenance of high inflow through the
regulated (i.e. Pipeclay and Slaney) creeks whilst stored volumenlighianabranch was decreasing. The
regulators at Werta Wert wetland and Lake Limbra were closed in order to achieve an extendedionunda
period in the wetlandsConsequently, once lateral disconnection of the creek from the shedding floodplain
had occured, there would have been a limited supply of zooplankton back to the creek, and the relatively
high velocity in the creeks may not have been conducivie-titu growth of the zooplankton community.

OPEN WATER PRODUCIYVI

It is widely recognised thaeturn flows containing high loads of readily available DOC may be one of the
most important sources of carbon in lowland rivéRobertsoret al,, 1999 Hadwenet al,, 2009 Findlay &
Sinsabaugh, 1999As already outlined, we estimate that 603 tonnes of DOC would have been mobilised int
the water column from the inundation of the floodplain. Consequently, the 2014 testing event may have
mobilised as much carbon as produced annually in a 5%Fdach of river. The carbon and nutrient data
indicate that an increase in resources was dadct0 km downstreamThese resources can be expected to
stimulate open water productivity. In effect, the upstream site would be expected to be resource limited (i.e.
in low flow mode) and the downstream site would be expected to have improved accessotarees, and
hence be substantially more productive. The preliminary results of the primary productivity modelling for
the period spanning the peak of the hydrograph{1@ 26" October 2014) indicateraincreasedate of
community respiration, and consistent negative values of net ecosystem productivity (NEP) at theéhste
river upstream of the regulator. Negative values of NEP indicate the system is dominated by heterotrophic
process; positive values indicatee system is dominated by autotrophic processes.

MANAGEMENIMPLICATIONS INCLUGINPPLICATION OF OBSERONFROM THIS PROJHOT
OTHER MANAGED FLODAIRS AND MUL-BITE WATERING

REFINING THE MINIMUMIONITORING REQUIRED

Based on recent trends in fumg) to undertake assessments of ecological outcomes resulting from delivery
of environmental water, it is expected that resources to fund monitoring will come under increasing
pressure. The data generated from this study provides a basis for an inforreesksagent of theninimum
parameters number of sites and frequency of monitoring for future eveatt€howilla and monitoring at

other managed floodplains such as Eckétggarapko and Pike Flooplaihis beyond the scope of this

project to undertakesuchan assessmentyhich will require multiple stakeholder inputut it will be

imperative to determine the minimum number of monitoring sites gratameters requiredo providethe

data to (i) support informed decisianaking (ii) report on outcomes, andiij improve future eventslt is
reasonable to anticipate that there would laaminimumessentiabaseling and that the range of

parameters, sites and frequency of sampling would increase as the magnitude of the planned event, and the
associated likelihod of poor quality outcomes increasesieTmnimum nonitoring requirements could then
become part of the annual water bigfocess.

SELECTION OF REFERESITES FOR AMBIEWATER QUALITY

The observation that there were significant differences betweentith@ reference sites; (i) upstream of
Lock 6 (A4261022) and (ii) the Lock 5 weir pool upstream of Chowilla Creek (A4260tschas
application to the selection of appropriate sites fargoingmonitoring programs Developing an
understanding of how wair quality at locationsipstream anddownstream of weirs may change between
routine river operations and managed inundationdien the majority of discharge in the river may be
diverted around thepotential samplingite, will be an important part of thatecision process.

LOCATION OF MONITORISTATIONSITHIN THE MANAGBETUNDATION ZONE
A comparisorbetween thesites within the anabranch reveals that there was a higher frequency of
significant differences between the most upstream site (A4260580) lamdites further downstream in the



anabranch. This trend is potentially due to dilution of resources as a result of the substantial inflow into the
anabranch via Pipeclay Creek, Slaney Creek (upstream of A4261107) and Boat Creek (upstream of A4261224)
respectively. This result demonstrates that in order to collect data representative of conditions throughout

the impounded area, it is necessary to distribute sites relative to the dominant flow paths. For example, in
complex systems with multiple flow pathsjs unlikely thatestablishing a single station upstream of a

regulatory structure will providalata that represents the conditions occurring throughout the impounded

area.

DOWNSTREAM WATER QITAL

The data indicates that return flows from the Chowilla Anabranch are influencing the abundance of
resources to fuel primary productivity for at least 40 km downstream of the return flows. Therefore, it is
reasonable to conclude that return flows from mayeal inundations have the potential to stimulate
productivity at the weir pool scale and possibly beyond. A challenge posed by this is the potential impact of
oneor more upstreamnsites on watering actions at downstream sitééhe managed inundation of an

upstream site may not increase the concentration of nutrients outside of the range that can occur over inter
annual periods. For example, variations in the primary source of water (e.g. regulated releases from upper
adzNN} @ O G§OKYSy il a fioadNioral Bajor tih@ary systémish cardsiidstanBaly alter
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ratio of resourcesd.g.C:N:P ratio) and availability of trace nutrients/elemetitat may be limiting

productivity is likely tdoe more important than absolute concentrations.

There are three major requirements for cyanobacterial growth; (i) inoculum (source of cyanobacteria); (ii)
light, and (iii) sufficient nutrientslhe data fom the stations in thereceiving waters of the Lock 5 weir pool
indicate that chlorophylé and nutrients wereelevated in the river downstream of Chowilla. It is possible
that the increased valuesf chlorophylla observed are a result of phytoplankton growtsulting in an
accumulation of biomass within the relatively slow flowing tail water section of the Lock 5 weir pool.
5SSt AGSNR YA o&f ISR Makile misoukdds readilyNiBavailabl@utrients and DOC), bacteria
and phytoplankton into a denstream floodplain would be considered beneficial during an unmanaged
flood driven by high riverine discharge. However, delivery oftHelNB | Rvaté énto a floodplain during

a managed inundationonductedwith comparatively low daily exchangad Iing retention timesmay

result in a higher likelihood of exceeding the assimilation capacity of the managed area and subsequent

AAAAAAA
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The data indicates that during the 20febting eventcyanobacteriambundance at thelownstreamsites
increasel after the watering eventbut the levels detectedvere not of concern for downstream users (e.g.,
SA Water). Howeveduringfuture watering events at different scalés.g. extent ofnundation), prevailing
conditions (e.g. QSA), season and management sites (Chowilla, Pike,-Kekanapko), monitoring will be
required to ensure maintenance of acceptable water quality

AN ASSESSMENT OF TNFE.UENCE @PWERRATES OF DAILY EXUGR

As already outlined/Vallace(2008) utilised observed oxygen depletion rates recordegitu during ponded
floods within managed wetlands at Chowilllbodplainto calculate that with amexpectedoxygen depletion
rate 0f0.82mgQL day’, a daily exchange equivalent to 20% of the stored volume would be sufficient to
ensure a low likelihood of dissolved oxygen in the impouratedfalling belows mgQL™". The maintenance
of normoxic conditions (DO above 6 m4j¢) during the D14 testing eventvalidates the 20% daily exchange
rate as an operational limit for the Chowilla Anabranch that offers a low likelihood of onset of hypoxia during
managed inundations that are undertaken within late winggringearly summer. However, it is regnised
that at some managed floodplain sites (i.e. the Pike Floodplain) a daily dilution rate of 20% will not be
achievable with the infrastructure that is beiognsideredor construction. Consequently, an assessment of
the potential outcomes of managédtbods with lower dilution rates has been undertaken heFberesults
indicate that with a low rate of oxygen depletio® @ mgQL"), 10% daily exchangeay offer a low
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likelihood of dissolved oxygen fallingbelow6 gtd ! & 2 E& ISy -RBrighl3, dhareiganNI G S a
increased likelihood of DO falling below the 6 rdghreshold if daily exchange is 10%. The results also
indicate that for a daily exchange rate of 5%, DO is likely to fall below the g.imiip@shold for all of the

oxygen depletion rates assessed, and thati®lixely tofall below the 4 mg@-* threshold for depletion

NJ (-3 mgQL". The modified BRAT model (see section 3 of this report) will provide an additional

pathway to exploréhe potential outcomes from a range of possible management scenarios.

VALUE OF LOGGED DATA

The value of théelemeteredmonitoring network cannot be overstated. During the testing event, the access

to data in near reatime provided a means to assess f®gress of the event and the margin between
prevailing conditions and the thresholds for key water quality parameters such as dissolved oxygen and
salinity. The continuous dissolved oxygen data and the data from the Automated Weather Station is critical
to the primary productivity calculations discussed above. The data from the EXO Sonde detected numerous
peaks in chlorophyH, turbidity and dissolved organic matter that were not detected in the weekly sampling.
The peaks may be an anomaly (or malfunclimnthe sensor. However, it is considered more likely that the
episodic spikes represent return flows from areas with low dilution and/or long retention times. The spike in
turbidity may also reflect episodic spikes in suspended solids associated atledssections of bank failure
during the falling of the hydrograph. Generating an increased understanding of the likelihood of the episodic
LISF1&a 6SAYy3 aSyaz2N) Yt FdzyOlAazy @Qa (GNryairASyid @ NRK
technologyis likely tooffer a costeffective method of monitoring key parameters in near real time, and this
advantage is likely to become increasingly important as resources to fund monitoring come under increasing
pressure.

Due to the dependence of water densiip temperature and salinity, monitoring networks that seek to
investigate stratification need to incorporate both temperature and salinity. Cross validation of sensors
fitted to water quality loggers, particularly for parameters such as chloroptwliereindependent

calibration via commercially available standards is not practicable, will be an important component of the
QA/QC process of using logged data to monitor and report on outcomes.

MANAGEMENT OF INDIVAL WETLANDS IN ASSION WITH FLOOBPLSCALE MANAGED NDRATIONS

The practice of closing wetland regulators in order to achieve extended inundation periods needs to be
planned and managed in the context of the ramifications of elimingtimglelaying)ateral connectivity for

large fauna sch as fish and preventing the return flow of resources to fuel riverine food webs. The results
presented here demonstrate the role of the wetlands as a source of resource rich water that would be
delivered to the creek and subsequently the river duringqads where lateral connectivity is maintained

during the falling limb of the hydrograph. Conversely, under some circumstances closing wetland regulators
may provide a tool to mitigate against risks of triggering negative water quality outcomes such as
problematic salinity spikes and for preventing the return flow of high algal biomass to the river which could
seed problematic algal blooms in the downstream weir pools.

POTENTIAL IMPLICATEDEF WEIR POOL RRGS DURING PERIOFS.OWQSA

Modelling of thepotential impacts of weir pool raising on-@fannel flow velocity in the Lock 3 weir pool
undertaken by Wallacet al., (20144 indicates thatat 10,000 Mlday", a +50 cm weir pool raising increases
the proportion of habitat with very low velocity (<0.1 Mdrom 21.1% to 28%.ow mixing energy may

result in (i) the affected reach becoming a sink for propagules that cannot control their position in the water
column, and (ii) deoxygenation of the water column below the mixing boundary (hypolimriiae).
observation from this study that persistent stratification was observed at the station upstream of Lock 6
(A4261022pppears tosupport the hypotheses that weir pool manipulations at low flows may reduce water
column mixing and therefore increase tlieelihood of persistent thermal stratification developing.
However, due to some anomalies betwe@the observed extent of stratification, (ii) the data from the
automatic weather statiorand (iii) prevailing conceptual understanding of the driversafiiation and
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breakdown of thermal stratification in weir pools, it is currently unclear if the persistent stratification
indicated at this site is a reliable assessment, or an artefact within the data. Developing a more
comprehensive understanding of thgmamics of thermal stratification, and the depth within the water
column that the boundary layer occurs at should be quantified as a priority.

SUMMARY

This project provides evidence thearefullymanageddelivery of environmental water using constructed
infrastructure can achieve extensive inundation extents without exceeding guideline and statutory limits for
water quality; i.e. without triggering key hazardsriver function ecologyand social valuesincluding

drinking water supplied-urthermore, tte data indicates that return flows from the Chowilla Anabranch are
influencing the abundance of resources to fuel primary productivity for at least 40 km downstream of the
return flows. Therefore, it is reasonable to conclude that return flows from mahagedations have the
potential to stimulate productivity at the weir pool scale and possibly beyblodvever, it is important to

note that data from the upper reaches of the Chowilla Anabranch (station A4260580) indicatéstheit
increasing the inudation extent prior toallowingconditionsto stabiliee may have caused a problematic
decline in dissolved oxygenhis reinforces the value of the data available from the telemeztenonitoring
network. Furthermore, it must be noted that only approxim$te5% of the maximum area that can be
inundated using the Chowilla Regulator and ancillary structures was inundated during the 2014 testing
event. Lake Littrand Coombool Swamp were not inundatezhly a small portion oGum Flatvas
inundated,and otherlargeareas ofwoodlandwere not inundatedLarger inundation extents can be
expected to produce different outcomes to those observed in 2014.
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1. INTRODUCTION

1.1. GENERAL BACKGROUND

A key challenge for managers throughout the MurBgrlingBasinis that the system is characterised by a
multitude of extensive floodplaifriver systems that rely on frequent (swlecadal scale) flooding to

maintain their ecological function, yet there is a limited volume of accessible environmental water that can
be utilised to sustain the system. Managers therefore neechaximisethe outcomes that can be achieved
with the smallest practicable volume efivironmental wateiat any given site in order to achieve
management objectiveat as many locations as possib&onsequently Here is growing interest in the
construgion andoperation ofnew, large infrastructurespecifically designed, constructed and operated for
environmental outcomes as a management t@dindsor Report, 2001 However, there is considerable
uncertainty in the ability of environmental water allocations to achieve balanced ecological outcomes when
delivered to specific siteda constructed infrastructure rather than being delivered to interconnected
ecosystemyialandscape (river reach) scale releases.

On floodplains, environmental water delivery has typically, but not exclusively, targeted keystone species
such the large longdéd floodplain trees, River Red GuBualyptus camaldulendixehnh.) and Black Box
(Eucalyptus largifloreng.Muell). Targeting these lodiyed (hundreds of years) ecosystem engineers has
considerable merit; as they are key component of the ecologicaiacher of floodplain rivers, a dominant
provider of habitat for a wide range of biota, and a majource of carbon and nutrients for foodwebs
(Colloff & Baldwin, 2000Howe\er, by selecting constructed infrastructure as the means to deliver
environmental water to specific floodplain sitebgte is inevitably a tradeff between maximising the
inundation of areas that support these vegetation types, andimisingthe potential consequence® sub>

sets of the ecosystem that méde disbenefited by this delivery mechanischieving an acceptable

balance is perhaps the greatest challenge that managers will face over the coming decades as pressure to
demonstrate ecological outcoesincreases within the context ohé impacts of climate change on reduced
water availability.

Within South Australia, large infrastructure to deliver environmental water to floodplain assets has been
constructed at Chowilla Floodplaitathe Murray5 F NI Ay 3 . F aAy ! dziK2NAG&@Qa ¢KS
program. Planning is proceeding for similar infrastructure to be constructed and operated on the Pike
Floodplain and the Eckert¢atarapko Floodplaiviathe South Australian Riverland Floodplain Integdat
Infrastructure Program (SARFIIBgspite the uncertainty associated withet use of large constructed

infrastructure to deliver environmental water to floodplain assets, this approach has becéme a

component of the Basin Plan Sustainable Diverkimit (SDL) adjustment projeethich seeks to assess the
potential of large infrastructurdo achieve ecologichlequivalent outcomes using less water

1.2. PROJECT PURPOSE

Thisprojectenabled use of the first testing event of the Chowilla Regulator to(i¢ct the field data

required to validate the hydraulic model used in the development of the operations regimes; and (ii) assess
some of key water quality hazards that had been identified in the Chowilla Opesa®lar(\Wallace &

Whittle, 2014¢. Theknowledge gained in thigrojecthas application to idectly influence operational rules

and procedures used in decision makingdelivery ofenvironmental watetto large floodplain assetda

constructed infrastructureThe Basin Pla@Commonwealth of Australia, 2018stablishes the Water Qlity

and Salinity Management Plan (WQSMP) for the water resources of the Mbarding Basin. As part of the
implementation of the WQSMP all river operators and holders of environmental water are required to have
NBIFNR (2 We¢l NBSIAaTF2NAYOYA AR yAPMH BN FKR . I aAy tf
to flow management and the use of environmental water.
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It is reasonable to anticipate a large degree of transferability of knowlgdgeratedfrom studies at

Chowilla to other sitethat are planning the construction and use of similar infrastructlirevill be

important to take advantage of thopportunity to transfer learningpr a range of scientific, ecological and
economic reasons. Examples of benefits include (i) acceleratedriga(n) improved predictions of

outcomes under different conditions, (iii) enhanced capacity to test the ability of planned mitigation
techniques to actually manage risks, (iv) avoid repeating negative outcomes, (v) being aware of and hence
able to respod to previously unconsidered isssjeand (vi) the inherent economic value in coordinated
monitoring.

1.3. THECHOWILLALOODPLAIN

TheChowilla floodplair{see Figure 1y one of the MDBA Living Murray nominated Icon Sites in the Murray
51 NI Ay 3 . | &heyividg dairy2PRagradits/Avww.mdba.gov.au/whatwe-do/working-with-
others/ten-yearsof-tim-progran). The Chowilla Environmental regulator and ancillary structures represent
aninvestment of approximately $6®illion in restoring the condition and ecological function of the Chowilla
FloodplainOver the last decadéhe Department of Environment Water, and Natural Resour&SWNIR

has facilitatedsignificant investment in assessment of risks and benefits associated with the operation of the
Chowilla regulator and associated infrastructure and in the development ahitgiation strategies. This

work has been undertaken by muttisciplinary teara of technical experts anthe accumulated knowledge
underpins the Chowilla Operations Piadallace & Whittle, 2014c

Initial testing operations of th€howillaenvironmental egulatorand ancillary structureis heavily reliant on
computer models andccumulatecconceptual understandingf the impact the infrastructure will have on
hydraulic conditions and water quality within the floodplainabranch complexThe consequences of these
models providing incorrect informatioinclude potential exceedance of guidelinalues,(ANZECC, 2090
South Australian statutory limiSA Government, 200and limits specified in #1Basin Plan
(Commonwealth of Australia, 20Lfbr water quality. Mbre importantly, failing to manage the systemin a
manner that maintains appropriate water quality and habitatild be ctastrophic for theorganisms that

the infrastructure aims to prote¢aind for community acceptance of large emggring solutions in the
floodplain environments along the River Murray.

1.4. PrROJECSCOPE

The project was developed in recognition of thighpriority to be able to monitor outcomes of the early
testing events of the Chowilla environmentafyulator and anitlary structures The projectvasco-funded
by the Goyder Institutethe Murray-Darling Basin AuthorityMDBA via The Living Murray (TLM) Program
the South Australian Department of Environment Water, and Natural ResoW&ad¥ N Rvia both TLM and
the South Australian Riverine Integrated Infrastructure (SARBH®HA WaterSignificanin-kind
contributions to the project were madeéa The University of Adelaide, DEWNR (Resource Managenit
of SMK) and SA Watérhe project is@lit into three keytasks:

1. Assess changes in water quality associated with the operation of the Chowilla Regulator
1 This task represents the majority of the workload undertaken directly by the project team,
and represents the main body of this repoFheresults are presented in theontext of
testing hypotheses related to management of key hazéridkmitigation)

2. Modify the existing Blackwater Risk Assessment M@dilitworth et al., 2013 and assess its utility
for predicting changes iwater quality at Chowilla
9 This task was undertaken by Rob Daly (SA Water) and involved modification of the existing
Blackwater Bk Assessment (BRAT) model. A description ofib@ifications madend the
performance of the modified BRAT modslpresenéd here. A revised BETA version of the
BRAT model will be presented to DEWNR for testing.
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3. Validateand recalibrate the 1E2D Mike FLOOD hydrodynamic modékst areused to predict
water exchange and changes to hydraulic habitats on the floodplain.
9 This task wafunded and managed by DEWNR through the TLM prograthrepresents a
major inkind contribution to the project. A brief overview of the task is provided in this
document

The combined outcomes of the project contribute dentifying knowledge gaps in existing risk assessments
confirmingmitigation capability and refing thecumulative risk profilefor e-water deliveryusing floodplain
infrastructure.In addition to the synthesis of the findings of the monitor(tige main report presenté here)
the lead author has participated imb reviews of the outcomes of the testing evehat have been

facilitated by DEWNR.

1 ¢ KS EHowilka liesting Event2084 NS JA S6 62 NJ] aK2 LI)"Mdrch KSt R
2015with representatives from DEWNRAWater, MDBA, CEWO, SARM theUniversity
of AdelaideThe key objectives of this workshop were to:

i. establisha shared understanding of what went well and should be replicated or built
dzLl2y (G2 R2 S@Sy o0SGGSNI Ay @l ndedziodsNBE T |
dropped or changed for any future event

ii. identification of any problems that need to be solved / processes that need to be
improved prior to any future operation, and how, and who should make this happen

ii. alist of any tasks that need tme completed prior to any future operation and by
who
1 A Monitoring review workshopeldon the 21st May 2015[he key objective of this
monitoring review workshop w&to generate a shared understandingaitcomes; review
programs and methods; identifyags and inform future monitoring requirements.

A presentation of the preliminary findings was made at the Goyder Institute Annual Conference 2015
Water Research Showcase held in Adelaide on 17 afédBruary 20%. Thatpresentationwas presented
to the Chowilla Community Reference Committee on th& Rfarch 2015.

A presentation on the findings and their applicability to other floodplain sites was also made to the SARFIIP
working group including representatives fromEWNR and MDBA staff involved in site management and
planning of constructed infrastructure for Pike and Eck&msarapko Floodplains in Berrion the 8" April

2015
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2. TASKL: ASSESBENT & CHANGES IN WATER QUX ASSOCIATED WIHE
TESTINGPERATION OF TBEOWILLAREGULATOR

2.1. GENERAL INTRODUCTION

2.1.1. POTENTIAEOR DIFFERENCES EFENWATURAUNMANAGEPFLOODING RESULTIR®H
UNREGULATED FLOW® AMNAGED FLOODINESRILTING FROM USECORS$RUCTED
INFRASTRUCTURE TONDER ENVIRONMENTWATER ALLOCATIONS

A synthesis document assessing the potergtialzi O2 YSa 2 F Wb I { dzNI ng &f floddplbidisdza V!
and wetlands produced in 2011 (Wallaeteal., 2011) highlighted that there are a number of key differences

in expected outcomes between unmanaged floods (periods of high flow (discharge) that resufbih out
channel flows that engage the floodplain) aménaged floods (those that are achievedistilg constructed
infrastructureto distributewaterto elevakd sections of the floodplain during relatively low flows when

these systems would otherwise remain in a drying pha@ejeochemical processes control the way that
energy and nutrients move thugh ecosystems and therefore, are fundamental to the way ecosystems
function (Baldwin & Wallace, 2009Many of the biogeochemically mediated and biotic processes that drive
the observed ecological outcomes occur over a period spgnmbursweeks. Differences in hydraulics

(dilution, daily exchange, mixing energy, retention time within the managed area) and lateral plus
longitudinalconnectivity, combined with the time (lag phase) required for ecological response to manifest
providesopportunities for differences in responses between natural and managed floods to cascade across
multiple levelgWallaceet al., 2011J).

2.1.2. RELEASE OF CARBON NNTRIENTS DURINGNDATION EVENTS
The inundation of floodplainresults in the wetting ooils and the vegetative matetiwithin the
inundated areaThisresults inthe rapid release (within hours) of wateoluble compoundfom natural
organicmaterial (e.g. leaf litter from floodplaintrees I f Rg A Y ™ o dptcalT2000)and Dilg (Bchdlzt
et al, 2002 Kobayashet al, 2008 Wilsonet al., 201Q Banaclet al,, 2009. The amount of carbon leached
into the water column during any given event will depend on a number of factors including; (i) the type of
leaf litter/vegetation inundated (ii) the age of the leaf litter, (iii) the amount of litter that Aesumulated on
the floodplain orin dry creelkchannes, and (iv) whether or not the litter has been flooded bef¢@Connell
et al., 2000.

Floodplain eucalypts, ptcularly river red gumE. camaldulensjsand to a lesser extent black bdx (
largifloreng generate a large standing biomass of leaf litter (approximately 2,500agich 600 grit
respectively(Wallace, 2009 and represent a large source of allochthonous organic matter to floodplains
and wetlandgGlazebrook & Robertson, 1998rancis & Sheldon, 20pZ'he organic loading in the centre of
large wetlands may be an order of magnitude lower than that at the fringing tree line (Watlate2009).
Consequently, the spatial extent of a given inundation may have a substantiahiodl on dissolved carbon
and nutrient concentrabns by influencing the amousind type ofplant material submerged.

The carbon and nutrients released into the water column are availatide tocorporated into microbial and
algd biomass (Schemet al. 2004); with the fate of carbon and nutrients largely dependent on the length of
time water remains on the floodplaigschramnet al,, 2009. Approximately onehird of the dissolved

organic carbon (DOC) leached from litter can be utilised within ten days. Phosphomigragdnis either

taken up by microorganisnwalgae.Nitrate may be respired through denitrificatigrorshay & Stanley,

2005. The assimilated carbon and nutrients are subsequently cycled though the food web to higher trophic
level aganisms (e.g. birds and fish) via multiple pathways, including via-naledomacreinvertebrates. This
LIN2 OS&da A& NBTFSNNIB & Rarwich 1997HUNE & JKirik (1 99@2leial dedl & B avida,
1999 Scharf, 2002 Lourantou, Thomé & Goffart, 200 Talbotet al., 2008. It is widely recognised that
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return flows containing higloads of readily available DOC may be one of the most important sources of
carbon in lowland riverRobertsoret al, 1999 Hadwenet al, 2009 Findlay & Sinsabaugh, 1999

However, ery high loading (inundation of large amounts of organic material relative to the volume of water
used)can lead to a number of problems.

2.1.3. BLACKWATER EVENTS
Blackwater events can be described as conditishere the concentration of dissolved organic carbon
05h/ 0 Ay adaNFI OS 6FGSNI A& AdFFAOASYH G2 RA&AO2f 2 dzNJ
often, but not always, associated with low concentrations of dissolved oxygeno®@itt et al., 2007
Meyer, 1990, as the dissolved oxygen thianormally present in water is utilised during heterotrophic
metabolism(microbial degradton) of the DOCRapid oxidation of large pools of labile D&@y ceplete
oxygen faster than it can beplenished through the aiwater interface owia
photosynthesis by aquatic planBaldwin & Wallace, 2009.ow dissolved oxygen resulting from managed
flooding is considered to be a cumulative risk for a number of reasons, including:

w Hypoxia may triggdethal or sublethalimpacts to fish and other aquatic bigtar negatively affect
other water quality parameters.

w Hypoxic water from a floodplain may lead to substantially reduced DO in receiving waters outside of
the managed site.

w Hypoxic water travelling downstream from an upstream management actions or natural outcomes
may restrict or entirely preclude managed flooding at a downstream site.

w High DOC presents major challenges where water is treated for potable supply.

A number & factors are critical in determining whether or not a blackwater event will result in a fish kill. The
two most important factors are water temperature and carbon loadiBgldwin & Wallace, 2009The

factors influencing carbon loading are described in the precedingssation of this report. Season has a
substantial influence ofi) water temperature (ii) solubility of oxygen in wateand (iii) the rates at which
biogeochemical processescu. At 10 °C fresh water can contain about 11.3 phgQAt 20 and 30 °C, this
decreases to 9.1 mgD"and 7.6 mgQ.* respectivelyIntroduction of an oxygen demand equivalent to 4
mgQL* when ambient temperature is 20 °C and the water is at saturatmntg9.1 mg@L™) will draw

dissolved oxygen down to 5.1 mgO. This is not likely to have any adverse effects on biota or
biogeochemical processes. However, introducing the same oxygen demand into 30 °C water will depress
dissolved oxygen concentratisrio approximately 3.6 mgD". Concentrations of dissolved oxygen this low
are considered to be capable of causing stresfish communities. While this examplebissed on first

principles and desnot take into account raaeration processest demonstatesthe importance of taking
season and water temperature into account when planning the delivery of environmental water allocations.

Thereis existingdata on release of DOC and changes in DO assaociated with ponded flooding (managed
watering) ofindividual wetlands at ChowilldVallace, 2008 Wallace & Lenon, 20)0anddata on hypoxic
blackwaterprocesses at upstream locations (e.g. Barmah Forest) where hypoxic blackwater events have
occurred(Howitt et al., 2007 Whitworth et al,, 2013. However, there is noadequate data relating changes
in dissolved oxygen to changesconcentration and bioavailability of nutrients resulting from managed
floodplain inundations under low flow conditions in the lower River Murray. Given the potential risk
associated with hypoxic blackwater events, this is a critical knowledgg#pe delivery of environmental
water via constructed infrastructurend thereforea primary driver for investment in this project

2.1.4. STRATIFICATION
Water density is a function of water temperature atadal dissolved solids (and hensalinity). A difference
in density can preclude mixing thfe water column if there is naufficient kinetic energgvailableto
overcome the density difference. Salinity driven stratification occurs where the river channel intercepts
saline groundwate(Turner & Erskine, 2005The extent ofthermal stratification is primarily determined by
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the relative input othermal energy (causes stratificatipriurbulent kinetic energyesultingfrom wind
driven mixing oturbulence generated bwater flow over the stream bedan break down stratification
(Bormanset al,, 1997%. The low bed slope dominant throughout the lower River Muyi@mbined with
regional dscharge of saline groundwater into the river channehkes the river susceptible to stratification
during periods of low flowTherefore, irsystems such as the lower River Murrde bnset of thermal
stratification is a function of flow, solar radiationind speedMaier, Burch & Bormans, 200Bormanset
al., 1997 and groundwater inputs.

Due to the dependence of water density on temperature and saliniyessments of stratification should
include both temperature and salinity. However, the majority of published studies in the lower River Murray
have concentratd on thermal stratificationThe studies that have been published concltiui during

periods of entitlement flow in the lower reaches of the South Australian River Murray when water velocity is
low (0.040.06 ms") and solar radiation is high (i.e. summavind speed is the dominant factor limiting the
development and persistence of thermal stratificati@@ormanset al, 1997 Maier, Burch & Bormans,

2001). The depth of the mixed layer can vary from one side of the river to the other due to protection from
wind-driven mixing and shading by the riverside cliermanset al,, 1997.

The provisioror maintenance ohydraulicconditions that provide sufficient turbulence (water column
mixing) to maintain propagulgg.g. plant and invertebrate seeds, fish eggs and fish larvae) that are
otherwise unable to maintain their position in the water column is an importansitrationin river
management For example, downstream drift of eggs and/or larvae and juveniles is an important life stage
for many riverine fistiBrown & Armstrong, 198hncluding Murray cod, golden perch and silver perch
(Humphries, King & Koehn, 199%low flow conditions may not maintain these propagules in suspension
and could result in the reach acting as a sink rather than a productive nursery environment for native fish
(Wallaceet al, 2014h. Slow velocities also increase the likelih@dthe onset ofpersistent stratification
andassociated water quality problems including algal blooms and hypoxic/anoxic condibionisg periods

of persistent stratification the water column lmev the boundary layer can become anoi¢allaceet al,,

2008.

2.1.5. OPEN WATER PRODUCIYVI
In surface waters, the concentration of dissolvegygenincreases aa product ofphotosynthesidy
autotrophs (i.e. phytoplankton and macropyhtes)dis depleted ¢onsumed viarespirationby
heterotrophs (bacteria, fungi, and animals) during the day and night. At night, respiration demand increases
due to dark respiration by autotrophs. Chemical oxygen demand may also result in the depletion of dissolved
oxygen. Tie netcharge inoxygen concentration during daylighbursestimatesgrossproductivity GP) as
both photosynthesis and respiration occur simultaneoubiythe dark hours, the decline in dissolved oxygen
provides an estimate of community respirati@CR). The diffence between 8 and CR provides an
estimate ofnet ecosystenproductivity (NEP). Increases in the amount of available energy in the source of
organic carbon resulting from the inundation of floodplains can be expected to alter the balance between CR
andGP and therefore dramatically alt®&EP. Productivity is a signal for the flux of energy through food
webs(Odum, 1958 Negative values for NEP indicate the system is dominated by heterotrophic processes.
Positive values of NEP indicate the systemiominated by autotrophic processes.

Under low flow conditions, autotrophic sources of carbon are believed to dominate foodiBebs, Davies

& Winning, 2003 Hadwenet al., 2009. Oliver and Merrick2006) and Oliver and Loren{2007)

demonstrated that the River Murray is energy constrained with net production close to zero. Studies in the
Logan, Gwydir and Ovens Rivéradwenet al,, 2009 and Lahlan Rive(Moran, 201} have demonstrated

that respiration of the heterotrophic bacterial community and DOC consumption is limited by théyapfali
DOC present. This is considered to be the case for the majority of Australian rivers during low flow
conditions when allochthonous DOC supply is lim{tedbertsoret al, 1999.
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2.1.6. PHYTOPLANKTON
Phytoplankton blooms are problematic when they impact users of untreated water (i.e. irrigators, graziers),
recreationalusers and the suitability of water for potable supgBoddet al, 1994. Algal blooms have been
consideredproblematic in the lower Murray for 135 years, with scums of algae reported as early as 1853.
The hazards associated withiamobacteria range from pubtealth toxicity to aesthetic taste and odour
issues. The toxins produced byaoobacteria include hepatotoxins (livdamaging) and neurotoxins (nerve
damaging). The tastend odour compounds produced byanobacteria are geosmffrans-1, 16dimethyt
trans-9-decalol)and MIB (2-methylisoborneol) These are difficult to remove with conventiomatthods,
and require expensive activated carbon for adequate remdraiddition to impacts to consumptive users
(e.g. humans, stock), blooms gfamobacteria mayféect aquatic food webs. For examptgjanobacteria are
considered to be a nopreferred food resource for invertebrate grazé€arney & Elser, 199@e Benardi
& Giussani, 1990Consequently, dominance of the phytoplankton community by cyanobaatexia
interfere with transfer of resourceimto higher trophic levels.

2.2. PROJECT SCOPE ANDOHWMESES

This task assessélde loading of Natural Organic Matter at 150 sites across four mhafitats and tested

16 specifilypotheseqTable 1) The sites referred to in the hypotheses are describethinie2 and

depicted spatially in Figure b addition,it is recognised that at some managed floodplain sites (i.e. the
Pike Floodplain) a daily dilution rate of 20% will not be achievable with the infrastructure that is being
planned for constructionConsequently, an assessment of the potential outcomes of managed floods with
lower dilution rates and additional oxygen depletion rates has been underta&en

2.3. METHODOLOGY

2.3.1. MONITORINGTATIONS
In order to collect data required to assess changes in wagiality, a number of monitoringtations have
been established. The location and description of these monitoring stations is presented i2 fatléheir
respectivelocations aradisplayed graphically iRigure 2

Thefive telemeteredpermanent statios in the anabranch creeks and the rigee Bble2) are based on
existingsurface water monitoringpontoons in the SA Riv&turray monitoring networkhat aremaintained

by DEWNR and MDBWtps://www.waterconnect.sa.gov.au/Systems/SitePages/Home.a8pihese

stations,water salinity (EQuScnt) and temperaturg°C)are recorded at approximately 600 mm below the
air-water interface (surface) arabproximately 80 mm above thesedimentwater interface (bottom).

Dissolved oxygen (DO; percent saturationand ghg® A & NBO2NRSR dzaAy3a 5QhLIiz2
ZebraTechAt the twotelemeteredpermanent statios on the floodplaifA4261160 and A4261166yater
temperature andDO was recorded approximatel)0 mm above thesedimentwater interface

At the two permanent salinitynonitoringpontoonswheretelemeteredstations were not established
(A4260705 and A42607Q3yater salinity (EC uScinand temperature (°C) are reat®d at approximately
600 mm below the aiwater interface (surface).

A YSI (Yellow Springs Instruments) EXO multiparameter water quality sonde was deployed at A4261224
(upstream of Chowilla Regulator) to facilitate collection of continuous data on a euaflphysicechemical

water quality parameters. The EXO Sonde was equipped to measure: temperature (°C), salinity C pScm
pH, turbidity (NTU), chlorophydl (ugl?) dissolved oxygen (% saturation and rigpand fDOM (the fraction

of dissolved orgais matter (DOM) which fluoresces (f) when exposed to fglielength ultraviolet (UV)

f A3KG o0OF® ocp YyYO® F5ha A& NBO2NRSR Ay dzyada 27
sulfate. This EXO Sonde logged data every 15 minutes at la oepin below the aiwvater interface. Due
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to delays in delivery of the equipment, the sonde was not installed for the full period of the testing event.
Data collection commenced on the2®ctober 2014.

At each of the wetland sites, a temporastation was established using a standard 300 mm bdaym

chain andconcrete ballasto suspend a standlone5 Qh LJi 2 € 233SNJ G | LILINREAYIF GS
water interface. An automatic weather statiofA426L167) was established on Chowilla Islafidhis station is
equipped to record rainfall, barometric pressure (hPa), air temperature (°C), humidity (%), wind direction

and velocity (km/h)andincidentsolarradiation {m?). Datawas recorded every 10 minuteét all

telemeteredwater quality statims, data is recorded every five minutes and polled every hour, except for

station A4261022 where data is polled every three hours as this site is serviced by a satellite modem.

The station at site A4260704 (see Tabknd Figure 2) iapproximately2 kmdownstream of the junction of
Chowilla Creek, but less than 800dmwnstream from the outlet at Woolshed Creek South where return
flows from the floodplairanabranch complex discharge directly into the river channel. Due to concerns with
the proximity ofthe station to the return flows and the potential for incomplete mixing of return flows and
river water flow within this travel distance, a second pontoon (station A4261168) was commissioned
approximately 4 km downstream of the junction of Chowilla Cr&aimpling was transferred from

A4260704 to A4261168 on tia8" October 2014Thesinglesite code A4260704 is retained in the reporting
presented here in order to minimise the potential for confusion.

2.3.2. WATER QUALITY SAMRLIN
Sampling dates for eacltasion are shown in Table. ®uring the noroperational period, water samples
were collected from the fivéelemeteredpermanent statios in the anabranch creeks and the river at quasi
6-weekly intervals. During the 2014 testing operation samples wereatetl on a weekly basis from all of
the river and anabranch sites. Samples were also collected from the wetlands on a weekly basis during a
truncated period around the peak of the testing hydrograph.

Aboat was used to accesach sampling statiamAt each station, three independent samples were collected
from spatially separated (>10m) locations centred on the logging station. At the river and anabranch sites,
samples were collected from locations spanning the width of the channel (i.e. left bankhamidel and

right bank).Composite samples were generatedusing a 4 L Haney trap atrdnsferring a "grab” from the
top, middle and bottom of the water column respectively, to a-presed 20L drum to produce a 12L
composite sample. A sedample was subsgiently collected from theomposite sample into prevashed

PET (plyethylene terephthalatgbottles for subsequent processing amhalysis. Altollectedsamples were
stored in the dark in an icfilled insulatedbox andreturnedto the laboratory forprocessing an@dnalysis.

2.3.3. ZOOPLANKTON COMMUNITY
Samples were collected for enumeration and identification of zooplankton during the 2014 testing operation
from the river and anabranch sites and the wetlands on a weekly basis (see€Yabtenes coincidingvith
collection of the water quality samplédescribed above)At each station, three independent samples were
collected from spatially separated (>10m) locations centred on the logging station. Composite samples were
generated by using a 4 L Haney teapl transferring a "grab” from the top, middle and bottom of the water
column respectively, to a prensed 20L drum to produce a 12L composite saniphe. total volume was
concentrated to ca 5@nL by filtering through a 35 um net. This concentrated samgalge transferred to a
200 mL PET jar drpreserved with 70% ethanol. Quantitative samples were inverted three times and a 1 mL
sub-sample was transferred into a pyrex gridded Sedgewiaker cell. The entire sedample was counted
and zooplankton identiéid using arNikon diaphot compound microscop&his was repeated three times for
each sample. The average number of zooplankton were then calculated and expressed as humbers of
individuals per litreifidividualsL™?). An estimate of load was generated byftiplying the numbers of
individuals per litre by the daily flow (MLd8yat the nearest relevant gauging station to the sampling site.
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2.3.4. IN-SITU ASSESSMENT @HBR QUALITY
During the 2014 testing event, a vertical profile of physibemical watequality parameters including; pH,
temperature(°C) EQuScnt), dissolved oxygefmgQL?), turbidity (NTU) and chlorophyal(ugl™") were
made at each of the logging station at the time of collection of the composite water samples. The vertical
profile was generated by lowering a YSI 6600V2(4) multiparameter water quality Sonde attached to a YSI
hand-held logger down through the water column. Data was automatically recorded at 2 s intervals. Profiles
were postprocessedising the logged data for depth envals of ca 0.1 m. The water column average was
utilised to provide a value fquH, turbidity, ancchlorophylla (ugL™t) for each sampling location.

2.3.5. WATER QUALITY ANABYSI
Collected sample@s described in 3.3.2ere analysed for dissolved organic aam{DOC), total
phosphorus (TP) total nitrogen (TN) and dissolved nutrients; filterable reactive phosphorus (FRP), nitrate,
nitrite, NOx (Nitrate + Nitrite), and ammoniumoranalysis of dissolved carbon and dissolved nutrients
each replicate sample wéitered throughWhatman GF/ilters and then0.45 um poresized Millipore
Millex-HV PVDF filters (Millipore, Cork, Irelaril).filters were prewashed with ateast20 mL of deionised
water. Samples for nutrient analysis were frozen and despatchéatches for analysis to be undertaken by
the Environmental Analysis Laboratory at the Southern Cross University using APHA Standard Methods; TN
(APHA 4500 1C), TP (APHA 4506+, nitrate (APHA 4500 N®), nitrite (APHA 4500 M@, ammonia
(APHA 4500 NHH) and FRP (APHA 450G R5-day Biochemical Oxygen Demand (BJBPHA 521-8)
was undertaken at the Water Research Centréhat University of Adelaide on unfiltered samples without
nutrient addition. DOC was measuredtl¢ Water ResearclCentrewith an SGE ANATOC Il total organic
carbon analysein nonpurgeable organic carbon (NPOC) mode

For selected sitesAd261224, A4260705, A4260704, A426A1 and A426§0aEDdmposite sample comprising
1/3 volume from each of the independent samples was suteditb the Australian Water Quality Centre for

(i) analysis of iron and manganese and (ii) cell counts for dominant algal species including toxin producing
blue-green algae.

2.3.6. CALCULATION OF STRAJATION
The presence of persistent thermal stratificatimas assessed via an analysis of data collected from the
water quality stations. Atlescribed in suisection 3.3.1the water qualitystationsare equipped to record
temperature (°C) and salinity (EC; pSwet approximately 600 mm below the aimter andapproximately
500 mm above the sedimentater interface (bottom). The vertical distance (depth) between the loggers
varies between stations and over time as depth at the station changetia EC was calculated as salinity
recorded by logger at surfaegsalinity recorded by logger at bottom of the water column. Delta T was
calculated as temperature recorded by logger at suriatemperature recorded by logger at bottom of the
water column.FollowingMitrovic et al., (2003, persistent thermal stratification is considered to be
represented by a temperature difference between the top and bottom of the water column constantly >0.5
c / t=A016 °C) for mme than 5 days.

2.3.7. CALCULATION OF PRIMAFRRODUCTIVITY
Open watemetabolism was estimated from analyses of the daily time series of dissolved oxygen
concentrations and light intensitidsllowing Oliver and Lorern2013. Data on dissolved oxygen and water
temperature was taken from theelemeteredmonitoringstations described in section 313
Data on solar radiation, wind speed and barometric pressure was taken from the Automatic \Wettien
(A4261167. The rate @ gas exchange and the metabolic parameters were estimated by fitting the
experimental data with a numerical model (Oliver and Merrick 20Ré&es of dissolved oxygen
concentration changed/dt) attributable to photosynthesis, respiration and exchanges§gen at the air
water interface are calculateda Equation 1(Oliver & Merrick, 2006 Young & Huryn, 1996
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Equation 1= dO/dt= AE; "+ kD + CR

The termAE; P describes the dependence of integ@PFon irradiance intensityYoung & Huryn, 1996
Kosinski, 198Awvhere:

1 dO/dt = Rate of dissolved oxygen concentration change

 E.= incidentphotosynthetically activsolar radiation (PAR umol photocs?sT) at timet

1 P =provides for the possibility that the integrated gross primary production shows a saturating
response to irradiance through the dégosinski, 1984

1 CR=community respiration

1 k=re-aeration coefficien{time™)

1 D =oxygen deficitthe difference between the saturation oxygen concentration and the measured
oxygen concentration in the waté©dum, 1956 McCutchan, Lewis & Saunders, 198

1 kD = atmospheric gas exchange

Calculation of aturated oxygerconcentrations weranadefrom the water temperatures measured &n
minute intervals using formulae from the International Oceanographic Tables (1973) without salinity
correction. D wasestimated using the data from the loggers and the respeatateulded saturated
oxygen concentrationsE; was obtained from A426116A three dimensional curve fitting routine was
applied with these time series to estimate average value£Rk, Aandp. Equation 1 was then re
arrangedto provideGP(AEp) and valus calculated for 10 minute time intervals and summed over the day
(per Oliver and Merrick 2006; Oliver and Lorenz 20AU)calculations were performed in the software
platform Rusing coding written by Zygmunt Lorenz (version PPCalcXh& modified26/08/2014).

2.3.8. NATURAIORGANIGMATTEROADING
NaturalOrganicdMatter (NOM)loading was assessé@u September 2014 by collecting natural organic matter
viaan adaptation of the method previously utilised at Chowilla FloodgBinokeset al, 2007 Hackbusch,
2011, Wallace & Lenon, 2010WVallace, 2008and Pike Floodplaifwallace, 200R 150 samples were
collected from 38 locations incorporating the riparian tree line of permanent (n ad@jemporary (n = 51)
creekstemporary wetlands (n = 20) and floodplain (n = 31). The location of assessmentasitebogera
priorito provide a representative assessment of the habitats present in locations that were readily accessible
viathe existing vehicle track network, and that were within the area expected to be inundated during the
2014 testing event.

At each location, samples were collectiedm pseuderandomlyselected positon® y a8 A GS -@GA L &«
GKNRgE Ay GKAOK I YFENJISNI gl a GKNRBgyYy o0l O16l NRa 23S
location at which the marker landed. The position of eaghsequent sample was selected in this manner

from the site of the preceding sample. The position of each sampling location was recorded using a hand

held GPS. At each position, a 30 L bucket was inverted over the marker, organic material outsidkehe buc

was cleared away, and the bucketireverted. From within the area that had been covered by the inverted

bucket, d recognisable organic materi@IN2 Y G NBSQa ofSIFT ftAGGSNE GogAa3da |
animal scatslown tothe soil horize was transferred to the buckets and weighedsite to produce a

measure of organic loadirigrams per ). Following Wallacé2009 and Wallace and Lenq@010),

because of the high ambient air temperatures expeciesh during sampling and the long antecedent period

since the last rain event, air drying was not considered necessary on these samples prior to weighing.
Excluding this process from the assessment remakedeed to transport large volumes of organic nraé

from the floodplain.
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2.3.9. DATAANALYSIS
Data were plotted using Sigma Plot (Version 10.0, SPE&imnassessment of changes in nutriand DOC
dynamics was assessed untransformed data using euclidean distanceesemblance matrixAnalysis of
zooplankton abundance was undertaken on square root transformed data (to-s@ight the influence of
samples with very high or low abundances), with a BZaytis distance resemblance matrix. Analysis was
conducted a® PERMANOVA withe two factorséSte¢ and éDatet fixed and crossed. Analysis was
performed using 9999 permutationshder an unrestricted model. Significant effects were accepted<at
0.05, witha posterioripairg A 8 S 02 YLJ NA & 2 y & inktdmtionIMantelCarla festsiwére used5 | G S
due to low numbers of unique permutations for paiise testsFor wetlands, a MDS ordination was
produced (using a euclidean distance resemblance matrix) to provide a visual display of the change in
condition at the respectiveites over time. PERMANOVA, SIMPER and MDS ordinations were generated
within the software package PRIMER v6 utilising the PERMANOVA+HAddénson, Gorley & Clarke,

2008.
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Table T Hypotheses tested in this project. Detail on sampling stations is provided in Table 2 and Figure 2.

Hypotheses #| Hypotheses tested

The management regime utilised during the testing event maintained the key water ploygoucal water quality
1 parameterssalinity, pH and Turbidity within acceptable ranges

The management regime utilised during the testing event maintained the key water biological water quality param
2 chlorophylla, cell counts of cyanobacteria, MIB, geosmin, iron and mangamigisie acceptable limits

During the managed inundation, the concentration of resources (nutrients and dissolved organic carbon) will be hi
3 the site immediately upstream of the Chowilla regulator (A4261224) compared to the reference sites (A4a6d02
A4260705) located in the River Murray channel

During the managed inundation, return flows from Chowilla Anabranch will result in increased concentrations of
4 resources (nutrients and dissolved organic carbon) in the receiving waters of the Wealk®ol (A4260704) relative to
the upstream reference site (A4261022)

During the managed inundation, return flows from Chowilla Anabranch (A4261224) will result in increased concen|
of resources (nutrients and dissolved organic carbon) in thie (A1) and lowerreaches (A4260703) of the Lock 5 weir|

5 pool relative to the upstream reference site (A4261022)
During the managed inundation, the concentration of resources (nutrients and dissolved organic carbon) will vary
6 between sites within the mabranch
During the managed inundation;day biochemical oxygen demand will be higher at the site immediately upstream (¢
7 the Chowilla regulator (A4261224) compared to the reference site (A4261022)
During the managed inundation, the concentratiorr@$ources (nutrients and dissolved organic carbon) will vary
8 between the large wetlands that were inundated (Werta Wert, Coppermine and Lake Limbra) compared to
concentrations recorded in the upstream river reference site (A4261022) and in the anabtaheHRegulator
(A4261224)
During the managed inundation;day biochemical oxygen demand will be higher in the large wetlands that were
9 inundated (Werta Wert, Coppermine and Lake Limbra) compared to the upstream river reference site (A4261022)
the anabranch at the Regulator (A4261224)
¢KS YIylFr3asSySyid NBIAYS 2F YIAYydFrAyAy3a RIEAf & gL GSNI S
10 flows in the river above 7,000 MLdaig an effective tool to maintain dissolved oxygen within tiverabove 6 mg@™*
The management regime provided sufficient dilution flows in the river channel such that dissolved oxygen within tf
11 anabranch was maintained above 6 mgo
12 Dissolved oxygen in the wetlands was maintained above 4,kigO

During managed inundations, return flows from the anabranch (A4261224) result in a significant increase in zoopl
13 abundance in the receiving waters of the lock 5 weir pool (A4260704) compared to the reference site in the lock 5
pool (A4260705)

¢KS YIylFr3aSySyid NBIAYS 2F YIAYyOdFrAyAy3a RIEAf & gl GSNI S

14 effective tool to prevent the establishment of persistent stratification within the anabranch

The management regime of maintaining flowLaick 6 > 1,000 MLdays sufficient to prevent the establishment of

15 persistent stratification within the river channel upstream of Lock 6

Return flows from the managed inundations result in a significant incredaesitu primary productivity in tie
16 anabranch (A4261224) and in the receiving water of the Lock 5 weir pool (A4260704) relative to the reference site
upstream of Lock 6 (A4261022)
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Table 2 Site ListTelemeteredpermanent station = DO at surface, temperature and salinity at surface and

bottom. Locations are provided in UTM zone 54

Site code Name Type Description Easting Northing
A4261022 River at Customs House River upstream Telemetered 496445 6240065
reference; Lock 6 permanent station
weir pool
A4260705 River upstream of River upstream Permanent salinity | 487415 6235645
junction of Chowilla reference; Lock 5 tail pontoon
Creek and river water
A4260704 River ca770m Riverg impact site: Telemetered 485648 6235167
downstream ofreturn Lock 5 tail water permanent station
flows from Woolshed
Creek South to theiver
A4261168 River ca. 1,900 m River¢ impact site: Telemetered 485263 6234888
downstream of return Lock5 tail water permanent station
flows from Woolshed
Creek South to the river
Ad426A1 River ca. 17.5 km River¢ impact site: No infrastructure 479790 6230669
downstream of junction | Lock 5 mid pool
of Chowilla Creek and
river
A4260703 River ca. 40 km Riverg impact site: Permanent salinity | 479663 6220718
downstream of junction | Lock 5 weir pool pontoon
of Chowilla Creek and
river
A4261224 Chowilla Creek ca. 80 m Anabranch;impact | Telemetered 487336 6237575
upstream of site within inundated| permanent station
Environmental Regulato| zone
A4261107 Chowilla Creek ca. 9.5 | Anabranch; impact | Telemetered 490956 6243115
km upstream of site within inundated| permanent station
Environmental Regulato| zone
A4260580 Punkah Creek ca. 19.5 | Anabranch;impact | Telemetered 495614 6246575
km upstream of site within inundated| permanent station
Environmental Regulato| zone
A4261160 Gum Flat Floodplain Telemetered 496402 6246621
permanent station
A4261166 Coppermine Floodplain Telemetered 486807 6237530
permanent station
A4261167 AWS Automaticweather Telemetered 489706 6238952
station permanent station
Www Werta Wert Wetland Temporary Wetland | Temporary Station | 487664 6244099
LL Lake Limbra Temporary Wetland | Temporary Station | 494599 6249019
CMW Coppermine Wetland Temporary Wetland | TemporaryStation 485223 6240149
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Table3. Sampling dates from each respective locaton {
that day

IA4260703
A4261168
IA4260705
A426A1
Coppermine
Lake Limbra
\Werta Wert

Site / Date

18/03/2009
7/04/2009

29/04/2009
19/05/2009
5/06/2009

1/07/2009

4/02/2010

18/03/2010
13/05/2010
17/06/2010
29/07/2010
9/09/2010

16/09/2010
22/09/2010
30/09/2010
7/10/2010

14/10/2010
21/10/2010
28/10/2010
29/10/2010 w (&)
3/11/2010 W (&) (&) w (&) w (&)
4/11/2010 W w W
5/11/2010 W (&) W w W w W w
10/11/2010 W W
11/11/2010 w () W w W w W w
17/11/2010 W W
18/11/2010 W W W W W W (&) W
24/11/2010 W W
25/11/2010 W W W W W w (&) W
1/12/2010 W W
2/12/2010 w () W w W W w w
8/12/2010 W W
9/12/2010 w W w w w w w w

eglelele|e|€

ElE|E|E|E|E|E|E |E|E |E|E |E |A4260580

glele|ele|e|e|E|E|E|E|E|E |E|E | |E € |A4260704

gle|E|E|E|E|E|E|E|E|E|E|E|E|E |E|E | |E |A4261022
glE|E|E|E|E|E|E|E|E|E|E|E|E|E |E|E € |C |A4261107
glelelelelele|e|Ee|Ee|E|E|E|E|E |E|E |E |E |Ad4261224

glelelele|eje|e|e|e|e|ge|€

gl|elele|e
glelele|e|e
gl|elele|le|e|e

€
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2.4. H.OwWS DURING TBB14TESTING EVENT

Theoperational target for the 2014 testing event was to achieve a water level at the Chowilla Regulator of

19.1 mAHD, with two additional short hold periods at intermediate points below the peak to enable

engineering checks and flow gauging. These interntegtiaints were at 17.7 mAHD and 18.4 mAHD. The

results from themodelling undertaken for the development of the Chowilla Operations,Blaowing the

minimum flows requiredn ordertoY I Ay Gl Ay GKS / NRGAOIE hLISNFYGAZ2Y I |
mainterance of velocity >0.18 rfisn 75% of the core habitat) fdhe peak targetvater level (191 mAHD)
arepresented in Table.A'he hydrograph that was implemented is shown in FigételBe daily values for

(i) percent daily exchange (percentage of totaked volume (excluding terminal wetlands) in the anabranch

+ by daily inflow) and (ii) percentage of core habitat with velocity >0.18tha was maintained is shown in

Figure 3BThe total area (including permanent creeks) inundated during the testregt is shown in Figure

3[C]. Theselatademonstrate compliance with themanagement objectivéo ensure constant flow through

the anabranch(Figure 3[A])andthe two Critical Operational Limité: A 0 Yl Ay Gl Ay X HmE: R )
(iii) maintain >75%f core habitat with velocity >0.18 mMgFigure 3[B])The high daily exchange rate late in

the testing event is a result of maintaining relatively high inflows via Pipeclay and Slaney Weirs whilst the
stored volume was being reduced by lowering the CHaviRegulator and ancillary structures.

Table4. Modelled conditions required to maintain the Critical Operational Limits specified in the Chowilla Operations
Plan(Wallace & Whittle, 2014¢values from Table 4.1 of the Chowilla Events Plans and Risk Mitigation Strategy
doaument (Wallace & Whittle, 2014a

i i 0
0SA Lock 6 Chowilla Regulator Pipeclay| Slaney Area /}: :tf) if[::tre Volume % daily
Q= DS Q= Q= Q= inundated | ... 4| impounded | exchange
ML/day | mAHD | ML/day | US mAHD| mAHD | ML/day | ML/day | ML/day (ha) (ML)
8,500 19.68 1,465 19.10 16.44 5,767 3,637 1,315 3,085 78 28,721 20.1
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Figure 3]A] Flowsincluding QSA (flow to SA), combined inflow to anabranch, outflow from anabranch (N)latay
water level at the ChowillRegulator (MAHD]B] percent daily exchange during the 2014 testing eyvantl [C}otal
area (including permanent creeks) inundated during the testing event is shown in Figur®ai&provided by
Andrew Kegh (MDBA) as outputs from Bigmod.
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2.5. NATURAIORGANIGMATTER.OADING

Measurement of organic loading allows forgenerating an estimate of the potential load of carbon and
nutrients that could be released into the water colupand (i) the potential impact on dissolved oxygen
both in the impoundediarea and in the receiving waters. Calculations can be made either using simple
modelling approaches based on first principbeviathe Black Water Risk Assessment Tool (BRAT)
(Whitworth et al,, 2013 (see section 4 of this report for information on the BRAT model)

2.5.1. RESULTS
NaturalOrganicdMatter (NOM)loadingat the riparian tree line of penanent and temporary creeks, within
temporary wetlands andn the open (nonwooded)floodplain is shown ifrigure4. The data shows that the
averagdoad is highest and most variable (average = 208718 gnf[StdDev] along the permanent creek
lineswhere the maximum recorded value was 24,436°githese results are of the same magnitude as
results from gorevious assessment of NOM loading at Chowilla Floodglaing whichBrookeset al.,
(2007 recorded average loading in river red gum woodlands of 2,564 +1,130Tgra lowest averagOM
loading in the 2014 assessment wasordedat the floodplain sites (674 395 gn¥). This compares to NOM
loadingsrecorded by Brookest al., (2007) in grasslandfloodplain) areasf 439 + 90 gii and lignum
shrubland (foodplain) of 404 +68 gitrespectivelyBased on the categories presented in Tdhlehe
average loading at the floodplain sitdaring the 2014 sampling vgdow, at the temporary creeks and
wetlandswas moderag, and at the permanent creeks waigh.

Table 5: Categories used for the description of NOM Ioads'fpm

Description minimum maximum
very low 0 500
low 501 1000
moderate 1001 2000
high 2001 3000
very high >3001

2.5.2. DISCUSSION
Robertsoret al., (1999 could not identify any published estimates for lateral transport of carbon for
Australian floodplain rivers. However, those authors eatigd the spatial scale of flooding that would be
required to result in a significant input to the pool of labile carbon into the river channel. For a hypothetical
10 knt section of the mieMurray (a 100 km long reach with an average width of 100 m) with average daily
phytoplankton productivity over the whole year of 0.6 géutay*, annual net production by riverine
phytoplankton in the river reach would bel®0tonnes ofcarbon.Gawne et al.(2007) used a lower
estimate of phytoplankton productivity (0.28 gCd). This yieldsrmestimate of J022tonnes of carbon per
year.Rolertsonet al., (1999 assumed standing load of 200 gCrand thatthe DOC release from
inundated NOM would be 50 gCito calculate that ae flood per year that inundated ca 44 kmould
deliver as much DOC to the river as the net annuatieam phytoplankton productiorin the 10 kni reach
Gawneet al., used DOC g data from Baldwirf1999 | Yy R h Q ét aly[30@)fahd estimated that a
flood of approximately 34 kirwould be sufficient

The area inundated during the 2014 testing event was estimated to be 2,142 ha, plus an additional 160 ha
on the southern side of the river (tat= 2,302 ha = 23.02 KnfMDBA, 2015 An estimate of the load of

carbon and nutrients released from inundation of this area can be made using data on NOM loading
collected in this study and the data on nutrient release from floodplain plant material published by Brookes
etal., (2007). The results of the assessment are presented in Table 6 with calculations provigéd fo
wetland, (ii) river red gum woodland; and (iii) a pooled average load. The data demonstrate the relative
differences in loads of different nutrients and DOC from wetlaasusvoodland areas. Utilising the

average NOM loading for all pooled sampisdata collected in 2014 (1,436 dinthe estimated total load
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of NOM that was inundated during the 2014 testing event was 33,057 toramet603 tonnes of DOC
(26.207 gCrf) would have beeneleased ito the water columrfrom the inundation of the iodplain
Based on this estimat&901.6ha would need to be inundated to produce the22tonnes ofnet annual in
stream phytoplankton productiorestimated byGawne et al.(2007). This is well within the capacity of the
maximum inundation extent achievable with the Chowdfevironmental regulator operated to full extent
at QSA = 40,000 MLdaythe estimated inundation area is 7,060 ha.

Thecalculations povided here (Tablé) demonstrate thathe allochthonous NOMnobilised during the

2014 testing eventepresents averylarge pool of energy for organismdowever, the fate of the majority of
this NOM remains largely speculativieisigenerally considered thatlarge part of the allochthonous NOM
may notbe assimilated by higher trophic levels. This is becallsehthonousmaterial typically has a high
carbohydrate content, resulting in high carbon to nitrogen (C:N) and carbphdsphorus (C:P) ratipand
grazers (e.gnacroinvertebrateshredder$ tend topreferentialy selectfood with C:N ratios clos® their

body tissugDee@n & Ganf, 2008 Elseret al. (2000 showed that median allochthonous C:N ratios were
32:1, compared to 9.6:1 for autochthonous material (median C:P ratios 799:1 and 256:1; N:P ratibs 27.3:
and 26.5:1, respectively). In comparison, median C:N ratios for aguatic invertebrate herbivores are 6.0:1
(range 410). Thus, autochthonous NOM sources have median C:N ratios 1.6 timesthahéreir

potential consumersyhilst allochthonous sourcesdve median C:N ratios thate more than fivefold that

of their potential consumersHigh C:N ratios areonsideredikely to reduce the efficiency of utilisation and
the flow of allochthonous material through the food web. Howevig flow-on effectsarelikely to depend

on the pathways through which resources are assimildzaliglas, Bunn & Davies, 2Q00Brookeset al.,,

2005. Assimilation of soluble carbon and nutrients from leaf litter (and othkochthonous sources) by
planktonic heterotrophs, phytoplankton and biofilmsay represent thenainpathway through which
allochthonous NOM enters the food wetather thanvia shredders and othemacroinvertebrates.

Sherr and Shef1988 proposed that the microbial food web is capable of transporting a significant
proportion of carbon to zooplanktarin estimate of the potential increase in biomass of higher order
consumers resultinffom the inundation of a given area can be made based on the litter loading, knowledge
on release rates of DOC and assumptions on the transfer efficiency of energy (carbon) between trophic
levels. Using the DOC release data from Broekes, (2007)anaverage NOM loading of 1,436 ganda
conservativearansfer efficiencyf 1%betweenbacteria and zooplankton, and then a 10% transfer efficiency
to higher level grazerd, the estimatedtotal pool of 603 tonnes dadillochthonoudDOQTable6) was cycled
through bacteriad zooplanktond plankitvores(e.g. early life stage of large bodifish), 603 kgof DOC

may have beemssimilated in higher trophic level3he BRAT mod@Nhitworth et al., 2013, which utilises
different algoithms for DOC release, predicts that for the same loadimdjassuming two trophic levels
between DOC and fish38 kg of carbon could be transferred to fish biomass.
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Figure 4 Natural Organic Matter Loading at the fomeschabitats assessed. 150 samples were collected from 38 locations
incorporating the riparian tree line of permanent (n = 48) and temporary (n = 51) creeks, temporary wetlands (n = 20) and
floodplain (n = 31)Boxes enclose the 25th to 75th percentilediiskers enclose the 10th to 90th percentiles, outliers are identified
by closed circles; dashed line within box plots depicts mean and solid line the median. Two extreme outliers for the R&reaken
sites with very high loading (9,012 and 24,436%are not shown in this pldbut are included in the mean, median and percentiles
shown

Table6: Estimate of release of nutrients and dissolved organic carbon resulting from the inundation of 2,302 ha of floodplain during
the 2014 testing event. Organicdding for wetlands and river red gum woodlands is derived from the data presented in Figure 4.
The data on nutrient release per gram of NOM is from mesocosm experiments conducted by Btaakd2007).

mg nutrient
released per g estimated total
NOM (from (tonnes) released
Brookeset al., mg nutrient kg nutrient during testing
Habitat Nutrient 2007) released per h released per ha event
FRP 0.39 262.86 2.6286
TP 0.59 397.66 3.9766
wetland (NOM load = 674¢f) TN 1.74 1172.76 11.7276
NOx 0.19 128.06 1.2806
DOC 12.7 8559.8 85.598
FRP 0.04 83.48 0.8348
TP 0.12 250.44 2.5044
river red gum woodland (NOM load 5
2,087gm?) TN 161 3360.07 33.6007
NOXx 0.51 1064.37 10.6437
DOC 23.8 49670.6 496.706
FRP 0.22 308.74 3.0874 7.1
) TP 0.36 509.78 5.0978 11.7
average of 2014 loading (NOM load
1.436 gnz) TN 1.68 2405.3 24.053 55.4
NOXx 0.35 502.6 5.026 11.6
DOC 18.25 26207 262.07 603.3
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2.6. ASSESSMENT OF HYPGESERELATEDWATER QUALITY

The fulltime series data for nutents (March 201@ecember 201)is presented in Figures A1(Appendix

A). The data indicates that there is a substantial degree of temporal variation across the full sampling period.
This temporal variability reduces the abilitydifferentiate between differences in concentration due to
management actions and inherent variability in ambient concentratawes multiyear temporal spans

Hence theprimaryfocus of the assessment made here is based on the data from the paindding with

the testing event (i.e. Septemb&ecember 2014

2.6.1. Ho#1: THE MANAGEMENT REGIMHLISED DURING THESTING EVENT MAINNED THE KEY WATER
PHYSIG@HEMICAL WATER QUALPARAMETERSALINITYPH ANDTURBIDITY WITHIN AGTEBLE
RANGES

SALINITY

Discharge of saline groundwater into the anabranch creek and the river following floods and high flows is a
natural occurrence, but represents a hazard to surface water salinity that must be marfdugeshlinity

target specified in the Basin Pl@@ommonwealth of Australia, 2013 that EC shouldat exceed 580 uScm

!in the River Murray at Lock 6 for 95% of the time. Given that management actions will influence salinity
downstream of Lock 6, this target has been modif/dthllace & Whittle, 2014ko be applicable for the
management of Chowilla yet remain consistarith Basin Plan target.e.

1 Salinity measured at Water Quality Station A4260704 (River Murray downstream of Lock 6) will be
Xpy n “Hof 959 of the time

The time series data for salinity recorded at the upstream reference site (A4261022) amd¢heny water

in the Lock 5 weir pool (A4260704) is presented in Figure 5[A]. The time series data for salinity recorded at
the anabranch creek sites (A4260580, A4261107 and A4261224) is presented in Figuraé&fBhe series

data (Figure 5[B]) indites a substantial salinity spike at A4260580 in late Septemsdndy October 2014,

with a muted spike at the two sites further downstream in the anabranch. The source of the large spike at
A4260580s considered tde a result of mobilisation of salt frolacalised sources of high salinity water

within the floodplain anabranch complex upstream of the sampling staticoih asAnderson Creek or

Tareena Bong. Theagnitude of the salinitgpikewas substantially smallext the downstream sites

(A4261107 and4261224) and it is considered that this most likely due to the inflowia Pipeclay and

Slaney Creelkdiluting the salt load

The data for the river sites (Figure 5[A]) demonstrate that there wasvallincrease in EC recorded in the
receiving wates (A4260704) relative to ambient salinity recorded upstream of Lock 6 (A42619@&gver,
there wereno exceedanceof the Ecological Target for-stream salinity; the daily data for salinity
(measured as EC) recorded at the water quality station initlee downstream of Chowilla (A4260704)
indicates that during the period #5September 2014 to the 30January 2015, peak EC was 276 |iSenell
below the EC target of 580 pS¢nThe magnitude of increase above ambient '8€ofded upstream of Lock
6 a station A4261022) was small, peaking at 59 pSomthe 2 November 2014.

The data for salinityn the wetlandsmeasured as the water column average of the vertical profile
conducted at the logger stations presented in Figure 8[AThese datalemonstratethat salinity in Weta
Wert wetland and Coppermineetiand increased in a quasi linear fashion, and at the final sampling date
was 516 pScrhand 331 pScihrespectively These increases above ambient salinitg likely toreflect a
combinationof release of salt from the soil profile and evagancentration of salt as water levels in the
respective wetlands decrease8alinity in Lake Limbra was markedly higher, withE@en the final

sampling dateecorded atl,123 pScm. The higher valuegs Lake Limbra are not unexpected, as soil
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salinities in this wetlanthave previously been shown to Bgrelatively highand(ii) to decrease
substantiallyfollowing managed inundation®Vallace, 2018

PH

pHwas measuredh-situ viathe vertical profiles conducted at each sampling sit¢he time of collecting the
water samples. The time series data floe upstream reference site (A4261022) ahd siteupstream of

the Chowilla Regulator (A426122%F presented in Figuré[A]. The time series data fpH at the sites in
the Lock 5 weir pool igresented in Figuré[B]. There is some temporal variability in gMident in the data
However, the values recorded remained within the range ¢@30) spefified in Sbedule 2 of the
Environment Protection (Water Quality) Policy (2003)

There is adivergence between ambient pH values recorded upstream of Lock 6 and those within the
anabranch (Figure 6[A]), with pH valueghe anabranclyenerally being loer thanat the upstream
reference sitg A4261022) This igarticularlyevident after midNovember2014, when pH valuespstream

of Lock Bvere higherby 0.3-0.4 pH unitghanthoserecorded in both the anabranch (Figure 6[A] and at the
other monitoring #es in the Lock 5 weir pool (Figure 6[B})is probable thathe difference observeds due
to diurnal variation in pHandthat the observedtrend may simply be a reflection of the sampling sequence
Throughoutthe sampling periodsampling commenced at A4261022, and subsequent giggs assessed in
downstream orderEvidence to support the suggestion that the variation observed mapt kast partially
due to diurnal variation is provideddom the data collected by the EX&@ndedeployed at A426102Z(gure
6[C), where diring the Zday period &-12" December 2014diurnal variation of 0.24 (:037) pH unitswas
recorded.

The data for pH in the wetlands, measured as the water column average of the vertical profileteahalu

the logger stations, is presented in Figure 8[B]. These datadstrate that pH in Werta Wert gtland

(peaked at 8.4) and Lake Limbra (peaked atrémpined within the rang€6.5¢ 9.0) specified in Stedule

2 of the Environment Protection (Wt Quality) Polic¢SA Government, 2003However, pH at Coppermine
Wetland peaked at 9.9. The pH values recorded at Coppermine Wetland increased markedly during the later
stages of the sampling period, particularly after thd  November when the wetland would have gtd

to disconnect fronthe creek system. It is considered that the driver for the observed increase in pH would

be the assimilation of G@rom the water column by the increasing biomass of algae observed throughout

this phase of the sampling (see ssiécion 3.7.3.

TURBIDTY

Turbidity was measureith-situ via the vertical profiles conducted at each sampling site at the time of
collecting the water samples. The time series data for the upstream reference site (A4261022) and the site
upstream of the Chowilla Regulator (A42842is presented in Figure 7[A]. The time series data for pH at
the sites in the Lock 5 weir pbis presented in Figure 7[B]he value for turbidity specified inf8mule 2 of
the Environment Protection (Water Quality) Pol{2903) is 20 NTUThis value is considered low for the
lower River MurrayFor example, mdian turbidity in the Lock 10 wepool, upstream of the Murrayarling
junction is <25 NTU. Downstream of the jtion, median turbidity increases to about 60 NWackay &
Eastburn, 1990 The Ecological Target specified in the Chowilla Operations(Rialtace & Whittle, 2014c
isfor turbidity to be<40 NTWuring base flowsyhen water is being deliveredom the upperMurray
system,and<76 NTUwhenwater is being deliveredrom the DarlingRiversystem The annual median limit
specified irschedule 11 othe Basin PlagCommonwealth of Australia, 2012 50 NTU.

There was a marked increase in turbidity at A4261224 compared to the upstream reference site during the
recession, and this is particularly evident on thast two sampling dates (Figure 7[B]). This is potentially due
to return flows of water draining from the inundated areas of the shedding floodplain back to the acabra
creeks. e data collected pthe EXO Sondieployed at A4261022 (Figure 7[C]) dentostes four brief

spikes in turbidityFor example, between midnight on the"™3Blovember and midday on thé'December,
median turbidity was 376 NTU but the maximum recorded turbidity was 18,170 NiEde large spikes in
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turbidity may be associated witkither (i) shortterm sensor malfunction, or (ii) episodic bank slumping
during the recession. Isolated sections of bank where slumping occurred were noted during the field
sampling conducte during the recession phaséhe median value for turbidityecorded across the
sampling periodFigue 7) remainedbelowthe 50NTUthreshold specified ilskchedulell of the Basin Plan
(Commonwealth of Australia, 201fr the reference site upstream of LockA4261@2) and allsites in the
Lock 5 weir poolA4260705A4260704, Al, A4260708nhd the anabranciipA4261107, A4261224)

The data for turbidity in the wetlands, measured as the water column average of the vertical profile
conducted at the logger stations, is presented in Figure 8[C]. These data demonstrdtelidity in Werta

Wert wetland and Copgrmine wetland remained below th&0 NTU threshold specified in schedule 11 of

the Basin PlagiCommonwealth of Australia, 20L2/alues in Lake Limbra peaked at 97.6 NTU. The high NTU
values observed in this wetland are consistent with the morphology of the wetland; a large shallow basin
with high eyosure towind andthe associated water column turbulence and resuspension of sediments
generated by waves ding windy periods. Werta Wertetland and Coppermineretlandare comparatively
shelteredfrom the wind due to their morphology and thelativelydense tree line surrounding these
wetlands. Differences in soil type and ground cover may also {i@otors explaining the variation in

turbidity observed between wetlands
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Figure5: Surface salinity (EC; uStnat [A} the upstream reference site in theck 6 weir pool (A4261022) and in the
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Figure6: pH [A] = within the anabranch creek system at the regulator (A4261224) relative to the upstream control in
the Lock 6 weir pool (A4261022B] within the receiving waters of the Lock 5 weir pd@l] at A4261224. Data points in

plots [A] and [B] are meand water column vertical profiles. Error bars are +1 Standard Error. Data in Plot C is from the
EXO logger deployed at A4261224. The guideline limit for pH stated in Schedule 2 of the Environment Protection (Water
Quality) Policy2003 is6.5-9.0.
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Figure7: Turbidity (NTU)JA] = within the anabranch creek system at the regulator (A4261224) relative to the upstream
control in the Lock 6 weir pool (A4261022); and [B] within the receiving waters of the Lock 5 webDataopoints in

plots [A] and [B] are means of water colanertical profiles. Error bars are +1 Standard Error. Data in Plot C is from the
EXO logger deployed at A42642Theblue horizontal reference line in plot A and B represehts@nnual median limit
specified inthe Basin Plan (schedule 11) for turbidiB@ (NTV).
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Figure8: [A] Salinity (EC; pSém [B] pH and [C] Turbidityithin Coppermine Wetland, Lake Limbra, and Werta Wert
wetlands The guideline limit for pH stated in Schedule 2 of the Environmen¢&ron (Water Quality) Polic2003) is
6.5-9.0. The guideline limit for Turbidity stated in Schedule 2 of the Environment Protection (Water Quality) Policy
(2003 is 20 NTUThe annual median limit specified in the Basin Plan (schedule 11) is 50 NTU.
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2.6.2. Ho#2: THE MANAGEMENT REGIWHLISED DURING THESTING EVENT MAINNED THE KEY WATER
BIOLOGICANATER QUALITY PARABRSCHLOROPHYLLQELL GUNTS OF CYANOBAGAEMIB,
GEOSMINIRON AND MANGANEBETHIN ACCEPTABLMEITE

CHLOROPHYLL

There is no Ecological Target for chloropladpecified in the Chowilla Operations P(&viallace & Whittle,
20149. However, chlorophyl provides a rapid and widely used method of assessing phytoplankton
biomass.The guideline value for chlorophglpresented in the ANZECC water quality guideli(®300) is 5
ugl™. This value is considered unrealisticadiy for the lower River Muay; apart from occasional summer
blooms, the chlorophyll concentration in the SA Murray River is typically betwe&0 agl* (Oliver &
Lorenz, 2018

Chlorophylla was measuredh-situ via the vertical profiles conducted at each sampling site at the time of
collecting the water sample3he time series data for the upstream reference site (A4261022) and the site
upstream of the Chowilla Regulator (A4261224) is presented in Figure 9[AfimEreeries data for sites in
the Lock 5 weir pool is presented in Figure 9[Bjs of note that the peak values for chlorophgllvere
recorded prior to the testing event commencir@hlorophylla was typically higher in the anabranch
(A4261224) compad to the upstream reference site (A4261022), particularly during the recepbiase

when concentrations were 3 gL higher in the anabranch (Figure 9[AJhis indicates that conditions
within the anabranch were amenable to supporting faster grovettes within the anabranch. The data for
chlorophyllain the receiving waters of the Lock 5 weir pééigure 9[B] indicate that chlorophwlis

elevated in the sites downstream of Chowilldaroughout the period coinciding with the peak of the
inundation (mid-Octoberearly November 2014) the highest values for chlorophytkere recorded at the

most downstream site assessed in the Lock 5 weir pool (A4260703). It is possible that the increased values
observed at A4260703 are a result of phytoplanktonagioresulting in an accumulation of biomass within
the relatively slow flowing tail water section of the weir pool.

The data collected by the EXO Somt#ployed at A4261022 (Figure 9[C]) demonstrates three brief spikes in
chlorophylla, where values pdad above 40 pgl These large spikes in chlorophythay be associated

with either (i) shoriterm sensor malfunction, or (ii) coincide with return flows of water from wetlands
and/or sections of shedding floodplain that contain high phytoplankton biem#&s/idence to support the
suggestion that thepisodic spikes may lmhie to return flowsfrom areas with low dilution and/or long
retention timesis provided from the data from the wetlands (Figdi@ which demonstrate very high
readings of chlorophyH. Peak values in Coppermine Wetland and Werta Wert Wetland where ca. 30 pgL
(Figure 10).

The data forchlorophylla in the wetlands, measured as the water column average of the vertical profile
conducted at the logger stians, is presented in Figuté. These data demonstrate that by the final

sampling period for Lake Limbra, chloroplaalues in this wetland had pked at 18.65ugL™*. The data
suggests that there was an algal bloom in Werta Wiextiand during which chlorophydl values peaked at
27.9ugl?, but the high biomasgndicated by the chlorophydl) I LILIS I NB R inila#e Navénhhikeamy ¢
550SY06SNW® LG Aa LINRolotS GKFG GKS O2fflLAS 2F (K.
pool of availablgphosphorusn this wetand.High chlorophyla values were also recorded in Coppermine
wetland where chlorophyk values peaked at 31.4 [igLA key difference between Coppermine wetland and
Werta Wert wetland is that the bloom in Coppermine wetland appeared to be sustainddhapool of
available phosphorus dinot appear to be limitingTotal Phosphorus increased throughout the sampling
period and high concentrations of FRP were recorae@oppermine wetlandn all sampling occasions. It is
also of note that Coppermine wetland sustained a large biomass of the emergent macrophyte Moira grass
(also known as spiny mud gragi8yeudoraphis spinescémiuiring the 2014 testing event. High algal biomass
was also regrded by Wallace and Len@2010 in this wetland during a puped and ponded managed

43



inundation during late springummer (November 200Bebruary 2010). These observations demonstrate
that this wetland has a very high capacity to sustain plant productivity.

CELL COUNTS OF CYANOBERIA

Blue green algae river sies

The sampling site used for the upstream reference was changed from upstream of Lock 6 (A4261022) to
downstream of Lock 6 (A4260705) on thé"@ctober 2014. Peak cell coumeordedfor blue-green algae
(BGA)were 7,530cells m*at A4260704 on th&0" July2014(Table 5)prior to the Chowillaegulator

testing event During theperiod 10" September29" October 2014BGAcell countsat A4261022 ranged

from 0 to 290 cells mbL During the period 29 October3™ December 20148GAcell countsat A4260705
ranged from O to 240 cells M| but peaked at #80cells m[* on the final sampling date (fMDecember

2014).

At station A4260704in the River Murray downstream of Chowilla Crd&®&Acell counts during the testing
period peaked at 1,570 dslmL* on the 18" December 2014This peak appears to be attributable to high
ambientBGAcell counts rather than high cell counts in return flows from the anabrahktighBGAcells
counts (840 cells i) were also recorded at A4260704 the 29" Octaber. However, he relatively high cell
counts recorded at this timmay be attributable to return flows, @&GAcell counts on this sampling date
were higher in the samplfrom A4261224222 cells mt) than that at the upstream reference sit@uring
the 2014 testing event, cell counts for bhgeeen algaet the site in the migteach of the Lock 5 weir pool
(A426A1) (Table Jpeaked a478 cells mt on the 12" November. Athe most downstream site (A4260703),
a small peak was observed on thé"I9ovember (136 cells m).and another peak on the fMecember
(316 cells mt).

The temporal sampling (weekly) usicthis studyis not fine enough to align specific peaks between sites.
However, it is possible that the large peak observed at AZ@6and atA4260704 on the 10December
2014 was not observed al26AL and A4260703 due to travel times between the top and bottom of the
weir pool. Similarly, the peak a#®6AL recorded on the 12 November, and the peak recorded at
A4260703 recordedn the 19" November, may be associated with the high cell counts recorded at
A4260704 on the 29November.

At the wetlands no BGA were recorded in the samples collected from Lake Limbra. At Werta Wert wetland,
BGA cell counts peaked at 334 cells'fdllowing an earlier peak (and subsequent crash) in cell counts on
the 11" November 2014. The highest BGA cell counts wersistentlyrecorded in Coppermine Wetland

where BGA counts peaked at 1,650,000 cell2 ari_the 28" November This reflects théarge peaks in
chlorophyllarecorded in this wetland (Figure 18Jigh BGA cell counts were also recorded by Wallace and
Lenon(2010 in this wetland during a pumped and ponded managed inundation during late spuimgner
(November 2009ebruary 2010).

Geosmin producing blue green algae

For the period of theesting operation (SeptembeayDecember 2014), the highest values fetl countsof
geosmin producing blugreen algae (gBGAjrfall river sitesvere recordedat the reference site (Table)8
gBGA counts peaked at 316 cells'roh the 10" December, andavere also relatively high on thé"@®ctober
and 26" November (290 and 240 cells MLThe highest cell counts for samples from the anabranch
(A4261224) were recorded on the 1 ®ctober (140 cells m). and 18 December (102 cells i) At the
downstream sites in the Lock 5 weir pool, cell caifir gBGA were typically <100 cells’mkith the
highest cell counts recorded on the™ December.

No gBGA were recorded in the samples collected from Lake Limbra or Werta Wert wetland. However, at

Coppermine Wetland where very high cell counts for BGA were recorded, high cell counts for gBGA were
observed, peak gBGA cell counts of 19,000 celtswele recorded on the 25November 2014.

44



MIB ANDGEOSMIN

MIB concentrations were4 ngl in the samplesthat were submittedto SA Watefor analysisAt the
upstreamreference siten the Lock 6 weir poolN4261022) the geosmin concentratisms8 nglL* on the

22" October 2014. For the subsequent samples collected from the upstream control in the Lock 5 tail water
(A4260705) eosmin concentrationpeaked at 3 ngton the 29" October 2014, and were subsequentl <
ngL* for all remaining sampling dategt the Gowilla Regulator (A4261224) geosmin concentrations
peaked at SgL* on the 22° October 2014, and were subsequentlysgl™” for all remaining sampling dates.
Concentrations of geosmin we<2ngL* for those sampling dates (612", 19" November) whe
concentrations were assessed at the receiving water (A4260704) site in the Lock 5 weifhgoobmbined
total concentration of geosmin+MI& each of the respective sités the anabranch and receiving waters of
the Lock 5 weir poolyere less than th SAWater River Murray water qualigrget (<10 ngt) throughout

the testing event.

IRON ANOMANGANESE

Hypoxic conditions can lead to an increase in solubilised metals, ammonia and sulphide. Some of these are
toxic to fish and other aquatic biota. Metals such as iron and manganese edridie released from the
sediments under anoxic conditiof®avison, 1998degrack the quality of water for potable ugIRMMC,

2011). The data for soluble and total iron (Fe) and manganese (Mn) is presented in Figures 11 and 12. There
is a substantial spike in soluble Mh@296mgL™) at A4261224 on the"™BNovember2014 (Figure 12[A]). No
spike was observed at the receiving water (A4260704) downstream of the confluence of Chowilla Creek and
the river. Consequently it is unclear if this spike is a real observation or an anomaly generated via either
sampling error oanalysis (e.g. sample contamination). Irrespective of thesconcentration of iron (Fe)

and manganese (Mn) was below the threshold limits specifi&thedule 2 of the Environment Protection
(Water Quality) Policy (2003) at all times.
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Figure 9: Chlorophylla (pgl;l) at the sampling sites; [A] = within the anabranch creek system at the regulator
(A4261224) relative to the upstream control in the Lock 6 weir pool (A4261022); and [B] within the receiving waters of
the Lock 5 weir poolData points in plots [A] and [B] are means of water column vertical profiles. Error bars are +1
Standard Error. Data in Plot C is from the EXO logger deployed at A4261224.
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Figure 10Chlorophylla in the wetlands Lines between data points do not ingplalues between sampling periods but
are presented for visual clarity.

Table7: Cell counts for blugreen algae for samples collected from key sites (samples were not processed for all sites
to manage costs associated with algal identification).

Row Laels A4260703| A4260704| A4260705| A4261224| A426A1l| Coppermine| Lake Limbra Werta Wert
19/03/2014 854 23
14/05/2014 1,400 992 1270
18/06/2014
30/07/2014 7,530 258 206
10/09/2014 0 0 0
17/09/2014 0 0 0 0 0
23/09/2014 29 42 47
1/10/2014 18 0 14
8/10/2014 18 290 90
15/10/2014 58 0 140
22/10/2014 0 30 82 50 32 0 0 0
29/10/2014 0 840 0 222 0 0
30/10/2014 0 0
4/11/2014 0 45 74
5/11/2014 2,270 0 0
6/11/2014 28 50 14 160 0
11/11/2014 5,440 126
12/11/2014 60 0 0 0 478
18/11/2014 23,900 0
19/11/2014 136 0 0 0 0
25/11/2014 1,650,000 0
26/11/2014 0 92 240 46 144
2/12/2014 138,000 334
3/12/2014 50 0 0 114 122
9/12/2014 452,000 0
10/12/2014 316 1,570 1,480 582 170
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Table 8 Cell counts for geosmiproducing bluegreen algae for samples collected from key sites (samples were not
processed for all sites to manage costs associated with algal identification).

Date A4260703| A4260704| A4260705| A4261224| A426A1| Coppermine| Lake Limbra Werta Wert
19/03/2014 14 23
14/05/2014 825 308 560
18/06/2014
30/07/2014 450 88 102
10/09/2014 0 0 0
17/09/2014 0 0 0 0 0
23/09/2014 26 42 47
1/10/2014 18 0 14
8/10/2014 18 290 90
15/10/2014 58 0 140
22/10/2014 0 30 38 26 32 0 0 0
29/10/2014 0 0 0 0 0 0
30/10/2014 0 0
4/11/2014 0 6 74
5/11/2014 468 0 0
6/11/2014 16 0 14 0 0
11/11/2014 3,120 0
12/11/2014 60 0 0 0 38
18/11/2014 180 0
19/11/2014 0 0 0 0 0
25/11/2014 19,000 0
26/11/2014 0 0 240 46 92
2/12/2014 12,600 0
3/12/2014 50 0 0 94 24
9/12/2014 1,420 0
10/12/2014 92 230 316 102 156
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Figurell: Concentration of soluble and total iron (Fe; rﬁght [A] and [Bthe anabranch creek system at the regulator
(A4261224) relative to the upstream control in the Lock 6 weir pool (A42§1@pd [C] and [D) within the receiving
waters of the Lock 5 weir paoTlhe guideline limit forsoluble and total iron (Fe) state Schedule 2 of the Environment

Protection (Water Quality) Poli¢2003) is 1 mng.
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Figure 12: Concentration of ManganeséMn; mgL’) at [A] and [B]the anabranch creek system at the regulator
(A4261224) relative to the upstream control in the Lock 6 weir pool (A42§162@ [C] and [D) within the receiving
waters of the Lock 5 weir poolThe guideline limit forsoluble and total Manganese (Mn) staite Schedule 2 of the
Environment Protection (Water Quality) Polid2003 is 0.5 mgL*. The Australian Drinking Water guidelin@®wag
identify anaesthetic limit is 0.gL™" (ADWG health limit is <OrgL™")

2.6.3. Ho#3: DURING THE MANAGEWNDATIONTHE CONCENTRATIORRESOURCKESUTRIENTSND
DISSOLVED ORGANIEEB®AN WILL BEHIGHER ATHE SITBMMEDIATELY UPSTREAMTHE
CHOWILLAREGULATOR4261224 COMPARED TO THE FREENECE SITEA4261022AND
A4260705) OCATED IN THREVERMURRAY CHANNEL

The time series for concentration of total nitrogen (TN), total phosphorus (TP), oxidisegenitfidOx),

ammonia (NH), filterable reactive phosphorus (FRP) and dissolved organic carbon (DOC) are presented in

Figures B-18. The plots demonstrate that the concentratioofthese resourcewere all below the
respective limits stated in Schedule 2tloé Environment Protection (Water Quality) Pol{2gg03.

A comparison of the results from the two reference sites; (i) upstream of Lock 6 (A4261022) and (ii) the Lock

5 weir pol upstream of Chowilla Creek (A4260705) reveals that there are a significant differences in the
concentration of resources between the two reference sites at varying t{seesTable 9 for PERMANOVA
results).This result is considered to be a result of a large proportion of flow to SA (QSA) being diverted
through the anabranch, particularly during the testing event, such that the reach between Lock 6 and the
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junction of Chowilla Creek experienced very low Bo@onsequently, it is considered that A4261022 is a
more reliable indicator of ambient water quality.

A comparisorbetween the reference sitA4261022) and the site immediately upstream of the Chowilla
Regulator (A4261224) reveals that there are sigaift differences in the concentration of a#isourcesat
various dates during the sampling peristbe Table 16or PERMANOVA result$he majority of the
differences occur during the period after the W®ctober 2014i.e. duringthe peak of theesting

hydrograph and during the recessidhis of note that despite the DOC values being markedly higher
upstream of the regulator (A4261224) on th® & November than at the referemcsite (A4261022) (see
Figure 18, the PERMANOVA analysis did not regesthtistically significant difference. It is considered that
this finding is a result of the wide variation in the results at A4261124 oml#dyis\ crosscheck of the

results of the PERMANOVA analysis utilising anmeANOVA revealed that the differees in the mean
values are not great enough to exclude the possibility that the difference is due to random sampling
variability. However, the power of the test with alpha at 0.050 was 0.424, well tbewesired power of
0.800. This indicates that thanalysis is less likely to detect a difference when one actually exists, and the
negative result (no significant difference) should be interpreted cautiously. Asoleel t-test for the DOC
data reveals a significant difference (P = 0.032Bgrefore, itis considered that the difference in DOC values
recordedon the 6" of November idikely to bemeaningful from a water quality perspective, despite not
being statistically significant.

The data from the EXO Sonde deployed at A4261224 indicates thist (@rescing dissolved organic
matter) was elevated during the peak of the hydrograph and declined throughout the recésgiome
19(A]). There are a number of distinct peaks in fDOM late in the hydrograph period-(eiar®ecember).
An overlay othe data on chlorophyll a, turbidity @fDOM is presented in Figure[B). There is some
alignment between the peaks suggesting thHa¢$e peaks may be associated withuret flows of water
from the inundated areathat contain high concentrations sisgended sediments andatural organic
matter.

2.6.4. Ho#4:DURING THE MANAGENDATIONRETURN FLOWS FRGMOWILLAANABRANCM/ILL
RESULT IN INCREASEDICENTRATIOBBRESOURCESUTRIENTSND DISSOLVED ORGANI
CARBONIN THE RECEIVING \ERS OF THECKS WEIR POO{A4260704 RELATIVE TO THE
UPSTREAREFERENCE S{A#26L022).

A comparison betweethe upstreamreferencesite (A42@.022 and the receiving water (A4260704) reveals
significant differaces in the concentration aésources at various dates dag the testing period (see Table
11for PEMANOVA result€f the 28 significant differences in water quality detected over the 20 sampling
periods, 18 of the significant differences occurred during the 5 sampling periods conducted betwe&n the 8
of Octoler and the 4' November 2014, indicating that the largest influence of return flows from the
anabranch to the river occurred during the rising limb and peak of the hydroghaiptconsidered thathe
paucityof differences between A4261022 and A4260764ring the recessiophasereflects thedilution

being provided by an increasing proportion of QSA being delivered down the main channel during the
recession as a result of (i) the comparatively high flows during the recession (see Figure 3[A]) and the
progressive lowering of Lock 6 (see Figurg3[C

2.6.5. Ho#5: DURING THE MANAGENDATIONRETURN FLOWS FROMOWILLAANABRANCH
(A4261224WILLRESULT IN INCREASEDICENTRATIORBRESOURCKESUTRIENTAND
DISSOLVED ORGANIRE®N IN THEVID- (A426AL) AND LOWERREACHE@A4260703DFTHE
LOCK5 WEIR POOL RELATICETHEUPSTREAREFERENCE S{A&26L022).
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A comparison betweethe referencesite (A428022) and the site in the migeach of the Lock 5 weir pool
(AA26AL) reveals significant difference@sthe concentration of resources at various dates during the testing
period (see TableZ[A] for PRMANOVA resultsResources to support samplidgring the baseline period
were not availableThereforeit is not possible to ascertain if the differencesuld be attributed tahe

return flows, or fromdiffuse inputs of resourcesetween the two sampling location& comparison
betweenthe referencesite (A428.022) and the site in the lowereach of the Lock 5 weir pool (A4260703)
reveals significant diffences in the concentration of resources at various dates during the testing period
(see Table 2[B] for PEMANOVA results). Thare a high proportion of significant differences during the
testing periodrelative to the baseline period. It is considerdxht the increased concentrations of resources
at A4260703 are result of the return flows from the Chowilla Anabrandthis indicates that return flows
from the Chowilla Anabranch are influencing the abundance of resources to fuel primary productiaity fo
least 40 km downstream of the return flows.

2.6.6. HO#6. DURING THE MANAGEWNDATIONTHE CONCENTRATIONREBOURCKEISUTRIENTAND
DISSOLVED ORGANIREAN WILL VARY BETWEERESI WITHIN THE ANABRH

A comparisorbetween thesites within the anabranch reveals that there are significant differes in the
concentration ofresources at various dates throughout the sampling periee (Eabls 13 A-Cfor
PERMANOVA result§)uring the period of the testing eve(td" Septemberl0" December) therewere
substantially more occurrences significantdifferences between A4260580 and A4261107 (n ~s8&
Table B[A]) than between A4260580 and A4261224 (n =s&& Table 1[B]), and between A4261107 and
A4261224 (n 46, see Table3[C). The higher frequency of differences between the most upstream site
(A4260580) and the sites further downstreanpatentially due to dilution of resourcess aresultof the
substantialinflow into the anabranclvia Pipeclay Creek, Slaney Cragistreamof A4261107pand Boat
Creek(upstream of A4261224¢spectively.
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Table9: Results of PERMANOVA analyBivalues are Monte Carlo analys)mparison of concentration of nutrients and dissolved organic carbon at thedfgoence
sites (i) upstream of Lock 6 (A4261022) diid_ock 5 weir pool upstream of Chowilla Creek Cell (A42608b&ded cells denote that there is a statistically significant
difference in the concentration of the respective parameter between the sites.
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TN 0.6993 | 0.6033| 0.0474 | 0.5345( 0.8807| 0.1370| 0.0010| 0.2780( 0.7330| 0.008 | 0.5220 | 0.3720| 0.3930| 0.0800| 0.6240( 0.7410| 0.2090| 0.7250| 0.2880 | 1.0000
P 0.9500 | 0.0080| 0.0015| 0.3771 0.7937 | 0.0146 | 0.0054 | 0.5428 | 0.0574| 0.1566 | 0.4859 | 0.4268| 0.8905( 0.4227| 0.5012| 0.1435( 0.0768| 0.0364 | 0.3093
NOx 0.2556 | 0.5141| 0.5696 | 0.0136 | 0.8164| 0.5916| 0.4989 | 0.6711| 0.2593 0.7640| 0.4088| 0.5042 | 0.0006 | 0.1298 | 0.4025| 0.6438| 0.1602 | 0.4878| 0.7172
RP 0.3618 | 0.0929| 0.0083 | 0.2252| 0.2602| 0.5605| 0.0018 | 1.0000| 0.0492 | 0.0334 | 0.7591| 0.2882| 0.4670| 0.0244 | 0.6469| 0.7318| 0.8267 | 0.0989 0.0262
NH; 0.4051  0.0987| 1.0000| 0.2925( 0.2886| 0.5347| 0.3971| 0.2838 | 0.0702| 0.1037| 0.0241 | 0.1758| 0.1515| 0.6439| 0.4665| 0.2056 | 0.4900| 0.7116| 0.5104 | 0.0255
DOC 0.8076 | 0.7914 | 0.6867| 0.4498 | 0.3705| 0.1257| 1.0000| 0.0190 | 0.2052| 0.5170| 0.0041 | 0.0203 | 0.1090| 0.2063| 0.2487 0.3139 | 0.1213

Table 10 Results of PERMANOVA analyBisvalues are Monte Carlo analysispmparison of concentration of nutrients and diksa organic carbon between the
reference siteupstream of Lock 6 (A4261022) and the site immediately upstream of the Chowilla Regi#264224) Shaded cells denote that there is a statistically
significant difference in the concentration of the respective parameter between the two sites.
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TN 0.5286 | 0.4522| 0.2286 | 0.2896 | 0.6518| 0.7416| 0.7427| 0.3650 | 0.0931| 0.0075| 0.4732| 0.0333 | 0.1563| 0.1479| 0.0712 | 0.6126| 0.1622| 0.099 | 0.1530| 0.0251
TP 0.5992 | 0.5268| 0.0187 | 0.9326 | 0.3654 | 0.5167| 0.0460 | 0.6832( 0.1786| 0.0811| 0.1542 | 0.0068 | 0.0109 | 0.1440 | 0.0622 | 0.7444| 0.0553 | 0.0014 | 0.0438 | 0.1062
NOXx 0.0003 | 0.0190 | 0.688 | 0.1638 0.9264 | 0.3918 | 0.6240 | 0.3188( 0.4933| 0.1923| 0.3304 | 0.0400 | 0.0294 | 0.0118 | 0.0038 | 0.0076 | 0.3292| 0.0133 | 0.0283
RP 0.0777 | 0.1668| 0.4146 | 0.4291| 0.1088| 0.8280 | 0.1810| 0.6397 0.4406 | 0.4710| 0.7719| 0.4323| 0.0209| 0.6819 | 0.0114 | 0.0209 | 0.3747 | 0.1159| 0.0018
NH; 0.0886 | 0.9122| 0.8595| 0.5312 | 0.3471| 0.4599| 0.4207 | 0.3235( 0.3789| 0.0662 | 0.0201 [ 0.0413 | 0.0018 | 0.0226 | 0.4694 [ 0.0597 | 0.6419| 0.6859 | 0.8007 [ 0.0245
DOC 0.4870| 0.8400| 0.3247| 0.6348( 0.1598 | 0.3748| 0.5283| 0.3842| 0.7851| 0.0145| 0.0058 [ 0.0005| 0.0662 | 0.0327 | 0.2101 | 0.0937 | 0.0017 | 0.1842
Pooled 0.5880 | 0.3231| 0.2874| 0.7276| 0.3738| 0.5350| 0.3637| 0.1979| 0.2637| 0.0292 | 0.0139 [ 0.0099 | 0.0442| 0.0123 | 0.0207 | 0.0155| 0.0306 | 0.0114
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Table 11 Results of PERMANOVA analyBisvalues are Monte Carlo analysisdmparison of concentration of nutrients and dissolved organic carbon between the
upstream reference sites (A4261022) and the site in the river immediately downstream pinittegon of Chowilla Creek with the River (A4260704). Shaded cells denote
that there is a statistically significant difference in the concentration of the respective parameter between the two sites.
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TN 0.2623 | 0.9858| 0.0138 | 0.1217 | 0.3948| 0.7960 | 1.0000| 0.5940| 0.4970( 0.0040| 0.7920| 0.0930| 0.0260| 0.0380 | 0.6710| 0.1200| 0.1450 | 0.5880| 0.2250| 0.0550
TP 0.2950 | 0.4139| 0.0015 0.5112| 0.1179| 0.0708| 0.8914 | 0.0260 | 0.0031 | 0.0008 | 0.0067 [ 0.0101 | 0.6932| 0.7114 | 0.3479| 0.0075| 0.3071| 0.4048
NOx 0.1894 | 0.3829| 0.5032| 0.1027 | 1.0000| 0.4709| 0.7258| 0.3372| 0.1447| 0.2138| 0.0785| 0.0175| 0.1782| 0.1911| 0.3387 | 0.5648| 0.7953| 0.6497| 0.1081 | 0.3698
RP 0.5036 | 0.2601| 0.0107 | 0.1454 | 0.5411| 0.0670| 0.8335| 0.3834 | 0.4354| 0.8324| 0.2515| 0.3636| 0.3358 | 0.2288 0.6378 | 0.2958 | 0.0149 | 0.4878| 0.0025
NH; 0.1509 ( 0.5517| 0.7122 | 0.4123| 0.8145| 0.1776| 0.4755| 0.3734 | 0.0325| 0.7707| 0.0071 | 0.0052| 0.0163 | 0.1507 | 1.0000 | 0.0107 0.2936 | 0.7623| 0.7570
DOC 0.9521| 0.4534| 0.1367 | 0.0104 | 0.0018 | 0.1204| 0.4473| 0.5280( 0.9023| 0.0017 | 0.0004 | 0.2986| 0.0823 | 0.3276 0.1160 [ 0.5553
Pooled 0.0541| 0.1739| 0.6040| 0.5031| 0.4684 | 0.3796| 0.2978| 0.0181 [ 0.0399 | 0.0039 | 0.0026 | 0.0538| 0.733 [ 0.1064| 0.4112| 0.0639| 0.293 | 0.4819

Table 12[A]: Results of PERMANOVA analyBisralues are Monte Carlo analysi)mparison of concentration of nutrients and dissolved organic carbon between the
upstream reference site (A4261022) and the site within the-remch of the Lock 5 weir pool (Al). Shaded cells denote that there is a statistically significant diffierence i
the concentration of the respective parameter between the two sifésere was no sampling conducted at A1 during the baseline sampling period.
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™ 0.0028 | 0.6225| 0.5686 | 0.0387 | 0.0305| 0.0517 | 0.0402 | 0.0138| 0.1200 | 0.0424 | 0.5950 | 0.0173 | 0.5859 | 0.2029 | 0.8555
TP 0.0335| 0.5203| 0.4170| 0.0636| 0.0504 | 0.0159 | 0.0234 | 0.0144 | 0.0316| 0.2289 | 0.8515| 0.1160 | 0.2563 | 0.0275| 0.3797
NOX 0.0659 | 0.8822 | 0.1830| 0.4667| 0.7185| 0.1704| 0.2860| 0.0660 | 0.5943 | 0.0693 | 0.0024| 0.2770| 0.3925| 0.8407 | 0.2377
RP 0.0001 | 0.1896 | 0.2073| 0.1008 | 0.3806 | 0.6854 | 0.7937 | 0.4607 | 0.0754 | 0.0921| 0.1744 | 0.0104| 0.3727 | 0.0199 | 0.0443
NH, 0.2390 | 0.9084 | 0.6270 | 0.0140| 0.5634 | 0.3701| 0.5644| 0.1779| 0.2294| 0.1143| 0.5863 | 0.4860 | 0.4156| 0.6697 | 0.0881
DOC 0.0028 | 0.7206 | 0.0322 | 0.2359 | 0.2009 | 0.3979 | 0.1200 | 0.0088 | 0.2969 | 0.7690 | 0.0505 | 0.0025| 0.6084 | 0.2318 | 0.6738
Pooled 0.0027 | 0.9707 | 0.0809 | 0.0229| 0.3658| 0.055 | 0.0439| 0.0127 | 0.2146 | 0.0408 | 0.0107 | 0.0167 | 0.4414| 0.1151| 0.1513
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Table P[B]: Results of PERMANOVA analyBissalues are Monte Carlo analysi)mparison of concentration of nutrients and dissolved organic carbon between the
upstream reference site (A4261022) and the site within the leveaich of the Lock 5 weir pool (A4260703). Shaded cells denote that there is a statistically significant
difference in the concentration of the respective parameter between the two sites.
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TN 0.0910( 0.4506( 0.1506 | 0.4781| 0.8875| 0.4455| 0.8747| 0.8893| 0.1011| 0.2416| 0.0153 | 0.0174 | 0.0102 | 0.0236 | 0.1392| 0.3736| 0.1913| 0.7244( 0.2023 | 0.4096
TP 0.3387( 0.7709( 0.0171 0.1000 | 0.3742| 0.6425| 0.4126| 0.2690| 0.0449 | 0.0178 | 0.0141| 0.0041 | 0.0161 | 0.3233| 1.0000| 0.9084 | 0.1049| 0.0601| 0.6546
NOX 0.0053 | 0.2265| 0.2261 | 0.0125| 0.4758| 0.1420| 0.6557 | 0.9222| 0.6825| 0.3146 | 0.0500 | 0.3023| 0.2260| 0.1854 | 0.0007 | 0.0071 | 0.8436 | 0.0478| 1.0000| 0.4919
RP 0.7022 | 0.7965 | 0.0443| 0.1940| 0.3703| 0.3754| 0.3794| 0.3581| 0.8003| 0.1087| 0.6437| 0.7971| 0.09075| 0.0243] 0.6670| 0.3515[ 0.0011 | 0.6445| 0.1569 | 0.0011
NH; 0.3707 | 0.4648| 0.5070 | 0.7609| 0.7152| 0.6890 | 0.4813| 0.4735| 0.1125| 0.2860| 0.0075| 0.2019 0.4623| 0.5444] 0.0985| 0.4884 | 0.3745| 1.0000| 0.1722
DOC 0.5056 | 0.1439 0.1185 | 0.0093| 0.0148| 0.0833] 0.7501 [ 0.0064 | 0.5636 | 0.1552 | 0.0092 | 0.0442| 0.0128 | 0.0891 | 0.0274| 0.2769| 0.2338]| 0.1855
Pooled 0.1984 | 0.3804 | 0.5664 | 0.1901| 0.5021| 0.6854| 0.10% | 0.0130 | 0.0199 | 0.0811 | 0.0203 | 0.0160 | 0.0018 | 0.0204 | 0.0089 | 0.0500 | 0.1793| 0.1928

Table B[A]: Results of PERMANOVA analyBisalues
within the anabranch. Shaded cells denote that there

are Monte Carlo analysimparison of concentration of nutrients and dissolved organic carbon between sites
is a statistically significant difference in the concentration spéutive parameter between the two sites.
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TN 0.1218 | 0.2740| 0.1846 | 0.5747 | 0.0670| 0.0090 | 0.0150 | 0.5830 | 0.0050| 0.0000| 0.0360 [ 0.0450 | 0.0100| 0.0560| 0.8550( 0.1850| 0.0190| 0.0320| 0.1250 | 0.0010
TP 0.2158 | 0.3494| 0.7235| 0.5283 | 0.1175| 0.0017 | 0.0561| 0.0181 | 0.4957| 0.0016 | 0.3503 [ 0.0010| 0.0696 | 0.7791| 0.1399( 0.6789| 0.1246 | 0.0004 | 0.0066 [ 0.0316
NOx 0.2847 | 0.3868| 0.7891 | 0.3708| 0.2933| 0.0683 | 0.3656 | 0.0134 ( 0.7278| 0.1164 | 0.1455 0.7457 | 0.0483 | 0.6561 | 0.1557| 0.0142| 0.0033 | 0.0425| 0.0823
FRP 0.1328 | 0.2839| 0.3706 | 0.0942| 0.2281| 0.3276| 0.2611| 0.0001 [ 0.1507 | 0.7755| 0.2827| 0.3329| 0.6539| 0.8133| 0.3855( 0.2283| 0.0103 0.2244 | 0.0250
NH; 0.6640 | 0.7697 | 0.6752| 0.7671| 0.1168| 0.4971| 0.4714| 0.0280 | 0.8892| 0.0291 | 0.3845| 0.0416 | 0.4486| 0.3777 0.5537 | 0.7217| 0.1170| 0.0172| 0.2098
DOC 0.0250 | 0.7677| 0.0004 | 0.8766 | 0.5634 | 0.0005| 0.3812| 0.6070| 0.0028 | 0.8474| 0.9220 | 0.3993| 0.6439| 0.1648 | 0.0303 | 0.0659| 0.3508 | 0.9182
Pooled 0.5262 | 0.8015| 0.0979| 0.0596 | 0.3302| 0.0005| 0.3221| 0.0020 | 0.1617| 0.1340| 0.0697 | 0.2697 | 0.5131| 0.3339| 0.0136 | 0.0007 | 0.0031 | 0.0757
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Table 13B]: Results of PERMANOVA analyBisralues are Monte Carlo analyst)mparison of concentration of nutrients and dissolved organic carbon between sites
within the anabranch. Shaded cells denote that there is a statistically significant difference in the concentration spéuotive parameter between the two sites.
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TN 0.0003 | 0.0277 | 0.4265| 0.6249 | 0.2545| 0.0070 | 0.0420| 0.0600| 0.0380( 0.0010| 0.1040| 0.0810( 0.1430| 0.0560( 0.4620| 0.1110| 0.0580( 0.0690| 0.6310| 0.0000
TP 0.0005 | 0.1059| 0.0649| 0.6489 | 0.1134| 0.0233 | 0.0557| 0.1197| 0.2624 | 0.0014 | 0.4264 | 0.0126 | 0.0724| 0.1732| 0.1788| 0.2205| 0.2039 | 0.0008 | 0.3572| 0.0421
NOx 0.0336 | 0.0010| 0.8678| 0.1671| 0.7106| 0.3871| 0.3624 | 0.3733| 0.5366 [ 0.5135| 0.1640| 0.5811 | 0.6937| 0.0776 | 0.0341 | 0.0021 | 0.0898 | 0.1462| 0.0258
FRP 0.0169 [ 0.0864 | 0.8591 | 0.8946| 0.4982| 0.3941| 0.0636| 0.0001 [ 0.3922| 0.6464 | 0.7041| 0.8347| 0.1655| 0.0132| 0.3707 | 0.7965| 0.1924 0.1027
NH; 0.7108 | 0.3325 0.5783 | 0.1473| 0.5516 | 0.7546 | 0.0397 | 0.4830| 0.0480| 0.1832| 0.4111| 0.1392| 0.1236| 0.3946| 0.4335| 0.3382| 0.1018 0.6205
DOC 0.2377| 0.4840| 0.0021 | 0.5927| 0.0413| 0.0021| 0.2471| 0.5732( 0.4312| 0.3398| 0.0760| 0.3362| 0.1169| 0.9176| 0.0001 | 0.0025| 0.0025| 0.5314
Pooled 0.7174| 0.2368| 0.2492 | 0.1289| 0.3189| 0.0031| 0.4638| 0.0037 [ 0.3281 | 0.3104 | 0.0445| 0.0353| 0.0908 | 0.0993| 0.0571| 0.0030| 0.0880| 0.1236

Table B[C]: Results of PERMANOVA analyBivalues
within the anabranch. Shaded cells denote that there

are Monte Carlo analysimparison of concentration of nutrients and dissolved organic carbon between sites
is a statistically significant difference in the concentration sptutive parameter between the two sites.

< < < < < < < < < <t < < < < < < < < < <t

— — — — — — — — — — — — — — — — — — — —

o o o o o o o o o o o o o o o o o o o o
~ 3 o q o o q |« o N q NS o q N q o o Q o o o
o N ™ [Te) © ~ I} o) o) S S (=) o S — — — — — ~ N
— N o o o o o o o o — — — - — - — — - — — —
R S > B e S| S = 3 = =S o) N > <3 I N > S %) =)
ISR — — — ™ — — ~ — N N — — N —
I3
TN 0.4863 | 0.5278| 0.2699 | 0.6349( 0.4495| 0.5890| 0.6380| 0.2250| 0.4100| 0.0030| 0.7680 | 0.1020| 0.2000| 0.2610| 0.5010( 0.7610| 0.5670| 0.5830| 0.9240 | 0.3660
TP 0.3605 | 0.6299 | 0.0397 | 0.8507 0.5164 0.5960 0.1973| 0.5719| 0.8091 | 0.3009 | 0.1622| 0.2183| 0.5410 | 0.1558 | 0.5105| 0.0554| 0.3150| 0.6602
NOXx 0.4295 | 0.0023 | 0.8345| 0.3333 | 0.1953| 0.4959| 0.3689| 0.2466 | 0.6398 | 0.3414| 0.3395( 0.7216| 0.9224 | 0.6002 | 0.0230 [ 0.0004 | 0.0046 | 0.0956 | 0.4107 | 0.0831
FRP 0.7669 | 0.2140| 0.6149 | 0.4965| 0.0447 | 0.8138| 0.2799| 0.0212 | 0.3201| 0.7774| 0.9372| 0.6681| 0.4599 | 0.0065| 0.5648 ( 0.1005| 0.0123 0.7383
NH; 0.7967 | 0.3788| 0.6524 | 0.7324| 0.3757| 0.5555| 0.1545| 0.7780( 0.4641| 0.3702| 0.6413| 0.3901| 0.0024 | 0.0399 | 0.3508 [ 0.6457 | 0.6271| 0.6516 | 0.1748| 0.2424
DOC 0.2793| 0.5922| 0.0982| 0.5654 [ 0.0145| 0.8721| 0.6123 0.8739| 0.3279| 0.0097 | 0.8266 | 0.1534 | 0.1253| 0.0495| 0.8220 | 0.0010 | 0.0558
Pooled 0.7022| 0.7023| 0.2317| 0.6209 | 0.1325| 0.3912| 0.4637| 0.4505| 0.8944| 0.6813| 0.1166 | 0.0230| 0.1016 | 0.0225| 0.0423 | 0.0884 | 0.0852| 0.1161
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Table 14 Results of PERMANOVA analyBisvalues are Monte Carlo analysisdmparison of results for-8ay Biochemical Oxygen Demand between the upstream
reference site (A4261022) and sites within the anabranch and the river. Shaded cells denote that there is a statistitiaintstijfference in the concentration of the

regpective parameter between the two sites.

5/02/2014
19/03/2014
15/05/2014
18/06/2014
30/07/2014
10/09/2014
17/09/2014
23/09/2014

1/10/2014
8/10/2014

15/10/2014

22/10/2014

29/10/2014

4/11/2014
6/11/2014

12/11/2014

19/11/2014

26/11/2014

3/12/2014

10/12/2014

A4261022
BQa

A4261224| 0.3242] 0.0011 | 0.1425] 0.5914| 0.7631| 0.8705 | 0.0003 [ 0.0187 [ 0.0770 | 0.0596 | 0.0326 | 0.0154 | 0.0628 | 0.9923| 0.103 | 0.3303| 0.3715 | 0.0002 | 0.9566 | 0.2747
A4260704 | 0.7467 | 0.0095 | 0.0005 | 0.0233 | 0.4461| 0.9363| 0.147 | 0.3104 | 0.2552 | 0.0080 | 0.1607 | 0.2988| 0.0419| 0.3296 | 0.9099 | 0.7965| 0.517 | 0.1133| 0.7565 | 0.0076
A426AL 0.0034 | 0.7448| 0.0902 [ 0.0027 | 0.5281| 0.1157| 0.1007 | 0.4588| 0.7422| 0.2103| 0.2067 | 0.0287 | 0.1782| 0.6438

A4260703| 0.6098 [ 0.0117) 0.0006 | 0.5719) 0.5729 | 0.0411| 0.0105| 0.0598| 0.4664 | 0.0001| 0.8291| 0.3256| 0.0957| 0.2294| 0.5249 | 0.4161| 0.0024 | 0.0005) 0.3118 | 0.6010
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Figurel3: Total Nitrogen (TN) concentration at the sampling sites; [A] = within the anabranch creek system at the
regulator (A4261224) relative to the upstream control in the Lock 6 paat (A4261022); and [B] within the receiving
waters of the Lock 5 weir padError bars are £1 Standard Error. The guideline limit for TN stated in Schedule 2 of the
Environment Protection (Water Quality) Pgl{€003) is 5 mng.
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Figurel4: TotalPhosphorugTP) concentration at the sampling sites; [A] = within the anabranch creek system at the
regulator (A4261224) relative to the upstream controthie Lock 6 weir pool (A4261022); and [B] within the receiving
waters of the Lock 5 weir padError bars are £1 Standard Error. The guideline limit for TP stated in Schedule 2 of the
Environment Protection (Water Quality) Pol{@d03) is 0.5 mgL.
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Figurel5: Oxidised Nitrogen (NOx = nitrate+nitritg)ncentration at the sampling sites; [A] = within the anabranch
creek system at the regulator (A4261224) relative to tipstream control in the Lock 6 weir pool (A4261022); and [B]
within the receiving waters of the Lock 5 weir poBtror bars are £1 Standard Error. The guideline limit for NOx stated
in Schedule 2 of the Environment Protection (Water Quality) P(i@§3) is 0.5 mgﬁ. Results for samples collected on
20" May 2013 and % June 2013 were in the range 0-R136 mng and hence because they are atypical, are not here
shown in order to maintain visual clarity in the plots, but are included in statistical analysis.
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Figurel6: Ammonia (NHas N)concentration at the sampling sites; [A] = within the anabrandekisystem at the

regulator (A4261224) relative to the upstream control in the Lock 6 weir pool (A4261022); and [B] within the receiving
waters of the Lock 5 weir podError bars are £1 Standard Error. The guideline limit fordtied in Schedule 2 ofié
Environment Protection (Water Quality) Poli@@03) is 0.5 mglf.
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Figure 17: Filterable reactive Phosphorus (FRBhcentration at the sampling sites; [A] = within theabranch creek
system at the regulator (A4261224) relative to the upstream control in the Lock 6 weir pool (A4261022); and [B] within
the receiving waters of the Lock 5 weir po@rror bars are +1 Standard Error. The guideline limit for FRP stated in
Sdedule 2 of the Environment Protection (Water Quality) P03 is 0.1 mng.
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Figurel8: Dissolved Organic Carbon (D@@)centration at the sampling sites; [A] = witlthe anabranch creek system

at the regulator (A4261224) relative to the upstream control in the Lock 6 weir pool (A4261022); and [B] within the
receiving waters of the Lock 5 weir po@rror bars are £1 Standard Error. The guideline limit for Total @r@arbon
(TOC) stated in Schedule 2 of the Environment Protection (Water Quality) @060 is 15 mgL.
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Figure 19: [A] fDOM (fluorescing dissolved organic matter (QSA ppb) measured using theSEXdedeployed at
A4261224[B] overlay of fDOM, chlorophyll a, turbidity and water level at the Chowilla Environmental Regulator
demonstrating alignment of episodic peaks in valued thay indicate wither sensor malfunction, (ii) return flows of
discrete parcels of water from shedding sections of the floodplain or (iii) bank collapse (failure)
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